JOURNAL 


THE CHEMICAL 


or 


SOCIETY. 


Committee of Publication : 
Chairman: J. C. Putuip, O.B.E., D.Sc., F.R.S. 


ArmstTrRoneG, LL.D., F.R.S. 
BEnneETT, M.A., Ph.D. 

A. Briscoz, D.Sc. 
Dawson, D.8c., Ph.D. 


Dunn, B.8c., F.1.C. 
G. Ecrrron, M.A., F.R.S. 
Fox, 0.B.E., D.Sc. 
. E. Garner, D.Sc., A.1.C. 
. S. Grason, O.B.E., MA, F.R.S. 
. N. Haworrs, D.Sc., F. RS. 


2 IM Lp 


HewiIrTrt, D.Sc., F.R.S. 
HInsHELWooD, M.A., F.R.S. 


Z 

G. 
J. 
C. 


Editor : 


CLARENCE SMITH, D.Sce 


. E. 

. M. 

ig a 

. M. 

. G. Donnan, C.B.E., LL.D., F.R.S. 
. W. Duptey, 0.B.E., Ph.D., F.R.S. 
ay A 
Cc. 
+ * 


M. Her.sron, D.S.0., D.8e., F.R.S. 
G. Henprrson, M.A., D.Sc., F.R.S. 
T. 
N. 


J. Kenner, D.Sc., F.R.S. 
J. Kenyon, D.Sc. 
H. Kine, D.Sc. 


W. H. Mitts, Se.D., F.R.S. 
Emie 8. Monp. 

. 8. Moors, M.A., B.Sc. 

. R. Partineton, M.B.E., D.Sc. 
. K. Rrpgat, M.A., D.Sc., F.R.S. 
. Rosrnson, D.Se., F.R.S. 

. M. Rows, D.Sc., F.I.C. 

. L. SIMONSEN, D.Sc. 

. Suites, O.B.E., D.Sc., F.R.S. 

. SuepEN, D.Sc. 
.F. 


eeewsee ee 





Assistant Editor : 
A. D. Mircuetn, D.Se. 


Sudexer : 


MarGaReET Le Pua, B.Sc. 





1932. Part II., pp. 1965-end. 





DESHA Y)- 
LONDON: THE CHEMICAL SOCIETY. 


1932 


T. M. Lowry, C.B.E., D.Sc., F.R.S. 


Tuorpk, C.B.E., D.Sc., F.R.S. 


Se eee 


paper 








Printep 1s GREAT Britain BY 
Ricwarp Cray & Sons, LimiteD, 
BUNGAY, SUFFOLK. 





~~ ws es aa 


= AO 


ar 








ESTERIFICATION OF POLYHYDRIC ALCOHOLS. PART xr. 1965 


266. The Partial Esterification of Polyhydric Alcohols. 
Part XII. The Function of Ethylene-oxide Rings. 


By Arruur FarrBourRNzE, Gzrorce Pamir Gisson, and Davip 
WILLIAM STEPHENS. 


ETHYLENE-OXIDE rings are formed during apparently simple re- 
actions, and cause changes in molecular structure that are often 
unsuspected, or believed due to a migration of radicals. 

The intermediate formation of ethylene oxide itself from ethylene 
glycol cannot produce isomeric change, and for this reason propylene 
glycol and glycerol (compare Part VII; J., 1929, 129) offer probably 
the least complicated opportunities for study. 

The preparation of glycerol di-ethers by the action of sodium 
hydroxide upon alcoholic dichlorohydrin has a special interest in 
this connexion, since it is now found to take place in four stages, 
which involve the formation and destruction of two ethylene-oxide 
rings consecutively. 

CH,Cl CH,Cl CH,Cl : CH, 0 CH,OR 

CH-OH —> b>? —> CH-OH —> CH —> CH:-OH 

CH,Cl CH,°OR CH,"OR CH,°OR 

[R = Me or Et or Ph] 


Conditions which govern these four separate reactions have been 
investigated and modified to enable the process to be stopped at 
any stage, and each of the intermediate compounds to be isolated 
in good yield: the rings are produced by alkali, and are re-opened 
by further alkali or by acid, although they remain stable in neutral 
solution. 

The mechanism is thus analogous with that indirectly deduced 
by Abderhalden and Eichwald to explain their unexpected con- 
version of an active «$-dibromohydrin into a non-rotating «y- 
diamine (Ber., 1915, 48, 1848). It also explains the unexpected 
preparations of glycerol «y-diphenyl and dimethyl ethers from 
«8-dibromohydrin described by Boyd and by Gilchrist and Purves 
(J., 1901, 79, 1221; 1925, 127, 2735; Part VIII, J., 1929, 1151). 


CH,Br CH,Br CH,Br CH, 0 H,OR 

CHBr —> ta >° —> (CH:OH —~> CH —> OH:OH 

CH,°OH CH,’OR CH,’OR CH,’OR 
[R = Me or Ph] 


Although glycerol §-ethers (Part XI; J., 1931, 445) and B-amines 
(Abderhalden and Eichwald, Ber., 1916, 49, 2095) can be prepared 


and are stable, a glycerol ether or amine which results from this 
3s 
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type of reaction may apparently be relied upon always to possess 
the a-constitution, whatever the structure of the initial mono- or 
di-halogenohydrin, and whatever the nature of the alcohol or 
amine employed (for references, see J., 1929, 129; 1931, 445; also 
Melikow, Ber., 1879, 12, 2227; Hess and Fink, Ber., 1915, 48, 
1990; Smith, Z. physikal. Chem., 1919, 93, 59; Lespieau, Bull. 
Soc. chim., 1923, 33, 725; Fourneau and Ribas, ibid., 1927, 41, 
1053; Naoim, “ Nitroglycerine and Nitroglycerine Explosives,” 
The Conversion of Alcoholic Dichlorohydrin into G panes f Diethyl Ether by the 


Gradual Addition of Sodiwm H: 
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London, 1928, 172; Krasuski and Pilingen, Ukraine Chem. J., 
1930, 5, 135, 237, 349). 

Clearly these glycidic rings must therefore be capable of rupturing 
according to the second of the following alternative reactions pre- 
ferentially or exclusively, a conclusion which has also now been 
reached by Blanchard (Bull. Soc. chim., 1931, 49, 283; compare 
Nef, Annalen, 1904, 335, 191) : 

OH,OH ae ae OH,Y 
OHY <— GH” 0, - ‘OH 
x x 
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[X = CH,-OMe, CH,-OPh, CH,‘NH,,CH,*NEt,, CH,*NC,H,, CH;, 
CH,-0H, CH,Cl, CH,‘NO,, or CO,H. 

Y = OMe, OEt, OPh, NH,, NHC,H,,, NH-CH,Ph, NC,H,NH, 
N(CO),C,H,, OH, Cl or 0-CO-C,H,] 


When acyl radicals are introduced in this way, however, there 
exists the further complication that they may afterwards migrate 
(Part X; J., 1930, 369), particularly, as Bergmann and Carter 
have shown (Z. physiol. Chem., 1930, 191, 211), when alkaline 
conditions are not avoided. 

Griin and Limpicher (Ber., 1926, 59, 690) were of opinion that, 
although glycidol was formed during certain corresponding re- 
actions of monoiodohydrin when a silver soap was used, its formation 
was at the most only subordinate when a potassium soap was 
substituted. More probably, however, these silver and potassium 
soaps both produce glycidol in quantity and the alkaline nature 
of the potassium soap causes the ring to re-open immediately, thus 
effecting the esterification. 

This view receives support from the fact that the direct replace- 
ment of halogens in the glycerol molecule is a process of considerable 
difficulty (Part X; J., 1930, 382), whereas ethylene-oxide rings 
are formed and re-opened with ease. Moreover, Abderhalden 
and Eichwald used virtually the same reaction, successfully dividing 
it into its two stages and isolating the intermediate glycidol, in 
their synthesis of optically active «-monobutyrin (Ber., 1915, 48, 
1847). ) 

Suzuki and Inoue (Proc. Imp. Acad., Tokyo, 1930, 6, 71) assume 
the absence of such glycidic intermediates in their recent prepar- 
ations of supposed di-p-nitrobenzoates of glycerol «- and B-mono- 
methyl ethers from the corresponding «- and $-monochlorohydrins, 


H,Cl H,"OMe H,OMe ° 
H-OH —> CH-OH —>» CH-0-COX 
H,-OH H,-OH -O-COX 


m. p. 73°. 
OH,-OH OH,-OH H,0-COX 
HCl —>» CH-OMe —> bettoMe 
H,-OH CH,-OH CH,-O-COX 
m. p. 69°. 


[X = p-NO,-C,H,’] 


and believe that they have confirmed the structures of their com- 
pounds by an independent synthesis of the isomeride melting at 
69°. 

These conclusions, if they were justified, would be seriously 
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contradictory to the views now being advocated, which undoubtedly 
require both chlorohydrins to yield the same product. 


| 
CHCl CH,OH CH, CH,OMe  CH,-OMe 
CHOH CHCl —> CH? —+ CH-OH —> CH-0-COX 
CH,OH  CH,°OH CH,-OH CH,OH CH,-0-COX 


It is therefore specially noteworthy that the structure of their 
initial “‘ 8 ”’-monochlorohydrin is unproven (Thieme, Ber., 1913, 
46, 1653; Part V, J., 1926, 3148; Brash, J. Soc. Chem. Ind., 1927, 
46, 48lr; Part X, J., 1930, 370; Smith and Lindberg, Ber., 1931, 
64, 505; Glattfeld, Leavell, Spieth, and Hutton, J. Amer. Chem. 
Soc., 1931, 53, 3169), and also that their final products cannot be 
the compounds they suppose, since the true di-p-nitrobenzoates 
of glycerol «- and $-monomethyl ethers melt at 108° and 155°, 
instead of at 73° and 69° respectively (Part XI, loc. cit.). 

The transitory formation of ethylene-oxide rings need not be 
confined to molecules which contain a free hydroxyl group; there 
is already some evidence that reactions of the following type occur : 

H,Cl H, 
H-0-CO-CH, —> bat > + CH,-COCI 
xX x 





EXPERIMENTAL. 


The Reaction «y-Dichlorohydrin —> Glycerol «y-Diethyl Ether. 

(I) Epichlorohydrin.—This compound is noticeable during the 
preparation of glycerol di-ethers by the action of sodium hydroxide 
upon dichlorohydrin and alcohols; its entire substitution for the 
dichlorohydrin has already been shown (Parts VIII and XI; J., 
1929, 1151; 1931, 450) not to affect the nature of the product. 
It is now found that, if the alkali is added gradually and in one 
molecular proportion only, the reaction proceeds to an almost quantit- 
ative formation of epichlorohydrin, but no further. A similar 
result is achieved if water is employed instead of alcohol, and 
probably this process then constitutes the most convenient prepar- 
ation of epichlorohydrin. 

345 G. of 46% aqueous sodium hydroxide were gradually added 
with vigorous stirring during 1 hour to 516 g. of dichlorohydrin 
at 75—80°; crude epichlorohydrin separated from the salt and 
water as an immiscible layer. Distillation of the layer yielded a 
constant-boiling mixture at 88°, and pure epichlorohydrin at 115— 
116° or 60—61°/100 mm., d?” 1-181, nZ 1-438; yield, 70% (Found : 
Cl, 38-5. Cale. for C,H,OCI: Cl, 38-4%). A further yield, making 
a total of 85%, was similarly obtainable from the lower fractions, 
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including this constant-boiling mixture, which consisted of 75% 
of epichlorohydrin and 25% of water and separated at 25° into 
layers containing 98° of epichlorohydrin and 93% of water re- 
spectively. 

The following figures, which are plotted in the diagram, indicate 
the extent to which epichlorohydrin was both formed and destroyed 
when various molecular proportions of powdered sodium hydroxide 
were gradually added with stirring to 22% alcoholic solutions of 
dichlorohydrin under identical conditions : 


Mols. NaOH added ... 0-8 1-0 1-2 1-4 1-6 18 20 22 
Mol. resulting epi- 


chlorohydrin ......... 0-71 O86 086 0-66 050 031 0-16 0-00 
Mol. unchanged di- 
chlorohydrin ......... 0-19 003 — au in at isl - oe 


In each of these experiments the temperature was allowed to 
rise to 50°, cooling being applied to prevent volatilisation during 
the addition of the sodium hydroxide; the mixture was then re- 
fluxed for an hour, cooled, separated from salt by filtration and 
washing with alcohol, neutralised if alkaline, and distilled through 
a column with a final bath temperature of 150°. The epichloro- 
hydrin was estimated in the distillate, and unchanged dichloro- 
hydrin in the residue, by alkaline hydrolysis. 

(IL) «-Monochlorohydrin y-Ethyl Ether, CH,Cl-CH(OH)-CH,-OEt. 
—tThe detection of this ether during the preparation of glycerol 
diethyl] ether from dichlorohydrin is difficult, owing to its immediate 
destruction by alcoholic alkali at a speed comparable with that 
of its formation. By increasing the hydrion concentration, how- 
ever, it is possible to prevent this destruction. Sulphuric acid 
proved very convenient for the purpose, but hydrochloric acid was 
unsuitable owing to its combining with the epichlorohydrin to 
regenerate dichlorohydrin. 

370 G. of epichlorohydrin were boiled with 1,840 g. of alcohol 
containing 20 g. of sulphuric acid for 6 hours, cooled, neutralised 
to phenolphthalein, concentrated, and distilled. 423 G. of the 
ether (II) were obtained, b. p. 104—106°/60 mm., d? 1-107, n®* 
1-442 (Found: Cl, by hydrolysis, 25-3. Cale. for C;H,,0,Cl: 
Cl, 25-6%). 

A small amount of glycidyl ethyl] ether (III) may be formed from 
sodium ethoxide and epichlorohydrin without passing through 
this intermediate «-monochlorohydrin y-ethyl ether (II), but such 
a direct replacement of halogen is extremely slow (compare Part X ; 
J., 1930, 369), relative to the opening and closing of the glycidic 
rings caused in hot alcohol by the addition of alkali, and its extent 
must consequently be negligible. 

«-Monochlorohydrin y-ethyl ether never accumulated to a sufficient 
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extent to be measured when sodium hydroxide was added to 22% 
alcoholic solutions of dichlorohydrin, and it is therefore not repre- 
sented in the diagram. 


(III) Glycidyl Ethyl Ether, orf, UH-CH, oF: —Th# ether, 


previously detected in the preparation of glycerol diethyl ether 
(Part XI; J., 1931, 455), has now been obtained in good yield 
by treating «-monochlorohydrin y-ethyl ether (II), gradually and 
without final excess, with aqueous sodium hydroxide at 80—100°. 
521 G. of 27% sodium hydroxide solution were introduced with 
stirring into 487 g. of the monochlorohydrin ether sufficiently 
slowly to avoid the coloration of phenolphthalein. Separation 
of sodium chloride and two liquid layers occurred. The lighter 
layer gave on distillation a constant-boiling mixture at 90—91° 
and the required glycidic ether at 124—126°; d? 0-94, n° 1-406 
(compare Part XI; loc. cit.). The yield was increased to 78% 
by addition of salt to the lower-boiling fractions including the 
constant-boiling mixture, removal of an aqueous layer which 
separated, and refractionation. 

When made in alcohol, glycidyl ethyl ether is difficult to separate 
by distillation, but may readily be converted into glycerol diethyl 
ether by the catalytic action of a slight excess of the alkali (or by 
acid). 

The following figures, which are plotted in the diagram, indicate 
the extent to which glycidyl ethyl ether was both formed and 
destroyed under the conditions already defined for epichlorohydrin : 
Mols. NaOH added ... 0-8 1-0 1-2 1-4 16 1:8 2-0 2°2 
Mol, resulting glycidyl 

ethyl ether ............ — — 0:03 0-16 0-27 0:36 0-36 0-00 

Each of these experiments was carried out as described on p. 1969. 
The distillation yielded an alcoholic mixture of glycidyl ethyl 
ether and epichlorohydrin, which were converted by treatment 
with acid into glycerol diethyl ether (IV) (75% yield; see below) 
and monochlorohydrin ethyl ether (II), respectively. The amounts 
of these two ethers were then determined by alkaline hydrolysis. 

(IV) Glycerol Diethyl Ether, EtO-CH,*-CH(OH)-CH,°OEt. 
Glycidyl ethyl ether (III) was converted into the diethyl ether in 
75% yield when it was boiled in excess of alcohol containing 1% 
of sulphuric acid during 6 hours, cooled, neutralised to phenol- 
phthalein, concentrated, and distilled (Found: OH, 11-9. Cale. for 
C,H,,0,: OH, 11-5%). 

A more convenient preparation, however, notwithstanding the 
number of reactions involved, has been from dichlorohydrin: the 
following figures (see diagram also) indicate the extent to which the 
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ether was so produced under the conditions defined for epichloro- 
hydrin : 
Mols, NaOH added ... 0:8 1-0 12 1:4 1:6 1:8 2-0 2-2 
Mol. glycerol diethyl 
ether produced ..,... — — — 003 0:05 012 024 0:72 
These experiments were carried out as described on p. 1969, the 
ether being obtained by fractionation at 108—111°/60 mm.; d3 
0-953, n=" 1-420 (Found: OH, 11-8. Calc. for C,H,,0,: OH, 115%). 


The Reaction «y-Dichlorohydrin —»> Glycerol wy-Diphenyl Ether. 

(V) Epichlorohydrin was more noticeable during the early part 
of this reaction than in the corresponding preparations of glycerol 
dimethyl and diethyl ethers, and was easily isolated by distillation. 

(VI) «-Monochlorohydriny-Phenyl Ether, CH,Cl-CH(OH)-CH,*OPh. 
—When epichlorohydrin was heated with sodium phenoxide, 
glycerol diphenyl ether resulted, but when phenol was substituted 
for the sodium phenoxide the reaction proceeded to «-monochloro- 
hydrin y-phenyl ether and no further. This result is analogous to 
that obtained by the use of sulphuric acid in the case of the corres- 
ponding ethyl ether (p. 1969), and is presumably due to the acidic 
nature of the phenol. 

463 G. (1 mol.) of epichlorohydrin and 940 g. (2 mols.) of phenol 
were heated at 110° for 10 hours, and fractionated through a long 
column. After recovery of unchanged epichlorohydrin and phenol, 
80 g. of the ether were obtained, b. p. 125—126°/2 mm., d2” 1-209, 
n# 1-540 (Found : Cl, 19-0. Cale. for C,H,,0,Cl : Cl, 19-0%). 


F . O 
(VII) Glycidyl Phenyl Ether, cH, —0H-CH,-OPh contrast 


with what occurred when ethyl alcohol was used, and probably 
owing to the less alkaline nature of sodium phenoxide than that 
possessed by sodium ethoxide, it is possible, as the foregoing 
experiments would lead one to expect, to stop the reaction with 
epichlorohydrin at this stage, and thus to obtain glycidyl phenyl 
ether without isolating the intermediate chlorohydrin ether 
(VI). So readily indeed does this happen that glycidyl phenyl 
ether has been mistaken for the diphenyl ether (VIII) and has 
caused confusion in the literature (Boyd and Marle, J., 1908, 93, 
838; 1909, 95, 1807). 

A repetition of Boyd and Marle’s preparation (loc. cit., 1908) 
from epichlorohydrin resulted in a yield of 40%. 

The following method, based on the theoretical considerations 
developed in this paper, gave 63%. 593 G. of 27% sodium hydroxide 
solution were introduced with stirring at 70—80° into a mixture 
of 188 g. of phenol and 258 g. of dichlorohydrin sufficiently slowly 
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(2 hrs.) to avoid the coloration of phenolphthalein. After the 
whole had been kept at 100° for a further hour, and cooled, separ- 
ation of sodium chloride and two liquid layers occurred. The 
lighter layer gave on fractionation 190 g. of the ether, b. p. 115— 
116°/3—4 mm., d2" 1-10 (Found : C, 72:4; H, 6-9. Cale. for C,H,,0, : 
C, 72-0; H, 6-7%). 

A similar preparation carried out with the isolated intermediate 
monochlorohydrin phenyl ether (VI) and 1 mol. of the sodium 
hydroxide solution gave 65% yield after extraction in ether and 
fractionation; b. p. 115—116°/3—4 mm., d#* 1-10, n# 1-53. 

(VIII) Glycerol Diphenyl Ether, PhO»CH,*CH(OH)-CH,-OPh.— 
The conversion of glycidyl phenyl ether into glycerol diphenyl 
ether has been effected by treatment with the theoretical quantity 
of phenol in both alkaline and acidic conditions, the yield being 
better in the former case: the amount of alkali employed should 
be very small, as otherwise high-boiling residues are produced. 

The ether was most conveniently prepared by the gradual addition 
with stirring during 1 hour at 90—100° of 129 g. of dichlorohydrin 
(1 mol.) to a mixture which had previously been made at 120° from 
188 g. of phenol (2 mols.) and 85 g. of sodium hydroxide (2-1 mols.). 
Heating was continued for a further hour at 120°; the product 
was washed with hot water, distilled in super-heated steam at 
250°, and recrystallised from alcohol; m. p. 80—81°, yield 80%. 


The authors desire to thank Messrs. Lever Brothers, Limited, 
for permission to publish the work described in this and the two 
following papers. 
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267. The Partial Esterification of Polyhydric Alcohols, 
Part XIII. Glycerol a-Monophenyl Ether. 


By ArTHuR FarrRBouRNE and Davin WILLIAM STEPHENS. 


Specimens of glycerol monophenyl ether prepared by methods 
already shown (preceding paper) to yield «-isomerides exclusively 
have been found to possess a double melting point, 54° and 68°, 
similar to those frequently exhibited by glycerides (see, e.g., Chevreul, 
** Recherches chimiques sur les corps gras d’origine animale,” Paris, 
1823; Smits and Bokhorst, Proc. K. Akad. Wetensch. Amsterdam, 
1912, 15, 681; Watson, Joglekar, and Rewadikar, J. Indian Inst. 
Sci., 1930, 13a, 119, 128) and often attributed to isomeric forms 
which possess an orthocarboxylic radical (compare Griin, Ber., 
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1921, 54,290; Part VII, J., 1929, 131; Hibbert and Grieg, Canadian 
J. Res., 1931, 4, 254; Ber., 1932, 65, 199). It is believed that this 
is the first recorded instance of a glycerol ether exhibiting the double 
point; explanations based on orthocarboxylic structure are clearly 
inapplicable. 

Glycerol «-Monophenyl Ether, PhO-CH,*CH(OH)-CH,-OH.—For 
references to previous descriptions of this compound, see “ Organic 
Syntheses,” 1926, VI, 48. 

(a) 442 G. of monochlorohydrin were added with mechanical 
stirring during 2 hours to 376 g. of phenol and 170 g. of sodium 
hydroxide at 120°; stirring at this temperature was continued for 
a further hour, and the product was then washed with water and 
distilled at 145—148°/0-6 mm. (yield, 59%). Recrystallisation 
of the solidified colourless distillate from benzene-ligroin gave 
glycerol monopheny] ether, m. p. 67—68°. Fusion and re-solidific- 
ation caused this figure to change to 53—54°. After 48 hours at 
room temperature samples of the ether usually again melted at 
68°; after 5 months’ storage they invariably did so (Found: OH, 
20-1. Calc. for C,H,,0,;: OH, 20-2%). That it possesses the 
a-structure is probable from the synthesis adopted (preceding 
paper) and is confirmed by the mixed melting points described 
below. 

(b) 15 G. of glycidyl phenyl ether (preceding paper) were re- 
fluxed with 50 c.c. of N-sodium hydroxide for 5 hours. The product 
was extracted with ether, dried with potassium carbonate, and 
recrystallised from ether-ligroin; m. p. 67°, alone or mixed with 
the higher-melting form obtained by preparation (a). After fusion 
it melted at 54° and a mixed m. p. determination with the lower 
melting form obtained by preparation (a) also gave this figure. 

ay-Di-o-tolyloxy-B-acetoxypropane.—This compound, previously 
described as a liquid (J., 1931, 445), has since crystallised ; m. p. 36° 
after recrystallisation from alcohol. 


RESEARCH LABORATORIES, Kine’s CoLtteGe, Lonpon, W.C. 2. 
Port SUNLIGHT. [Received, April 6th, 1932.] 





268. The Partial Esterification of Polyhydric Alcohols. 
Part XIV. The Iodohydrins. 


By ARTHUR FAIRBOURNE and Davip WiLL1AM STEPHENS. 


REBOUL is incorrectly reported in Beilstein’s “‘ Organische Chemie ” 

(ed. III, 1, 262; ed. IV, 1, 475) as having prepared «-monoiodo- 

hydrin, d'** 2-03, by treating monochlorohydrm with potassium 

iodide ‘ ee to the original statement cited (Jahresber., 1860, 
s 
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459) reveals that a preparation of epi-iodohydrin has been mis- 
taken for one of monoiodohydrin, probably owing to a misinter- 
pretation of the old formula “O,H,IO,.” Abderhalden (Z. 
physiol. Chem., 1910, 65, 53) employed an “ «-mono-iodohydrin,” 
b. p. 94°/0-3 mm., but gave no description of how it was obtained or 
identified. Liiders and Emmert (Deutsch. med. Woch., 1915, 41, 
648) concluded that the pharmaceutical product “‘ Alival ” is the true 
a-monoiodohydrin, m. p. 48—49°, and, apparently without realising 
the nature of Beilstein’s mistake (op. cit.), noted that the properties 
of the drug differed from those recorded for this compound in the 
chemical literature. Fischer and Pfihler (Ber., 1920, 53, 1606) 
synthesised «-monoiodohydrin from fy-isopropylidenemonochloro- 
hydrin. 

p-Nitrobenzoates of specimens of «-monoiodohydrin obtained 
from different sources have now been proved identical by the mixed 
melting point process. 

6-Mono-iodohydrin thus remains unknown. 

Both di-iodohydrins have been prepared, one by the addition of 
iodine to allyl alcohol, and the other by the action of potassium 
iodide on dichlorohydrin. That the products are respectively the 
«B- and the wy-isomeride is now made clear in a similar manner to 
that adopted by Conant and Quayle (J. Amer. Chem. Soc., 1923, 
45, 2771) and in Part VII (J., 1929, 129) for the establishment of 
the structures of the corresponding dichloro- and dibromo-hydrins : 





CH,I 
a OHI “. & 
aa ¢u,on 3 GH! OHI CH,  H,C! 
H~S OHI (H-0-COX <-CH-OH<(H-0H 
CH,-OH “CH, © » CH,-0-COX 6 CH,I CH,C! 
2 OH . m. rt 66—-67° mf 8182" 2 Hy, 
CH, O-COX ‘Not identical : mixed m. p. 


6—57° 
[X = p-NOy C,H") 

Owing to the instability of «$-di-iodohydrin, reaction (b) could 
not be realised on this occasion. 

The laurates, palmitates, and stearates of these isomeric di- 
iodohydrins have also been prepared, and their identities inde- 
pendently established (compare Ann. Reports, 1929, 26, 76) as 
follows : 





H,0O-COR OH,O-COR O4,I HI 
CH —> OHI HO-COR <— (H-OH 
CH, CHI CH,I 

Not identical 
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Their melting points are given below, in comparison with those 
of similar pairs of substituted glycerols which have been identified 
in this way. 

Unsym. Sym. Mixed. Ref. 


Di- Sie sins perpennente epaen 66—67° 81—82° 656—57° p. 1976 

Gesdapeepncdens 38—39 34—35 29—30 p. 1976 

*” palmitate ............ 55 48—49 43 p. 1976 

Stearate ..........0004. 55—56 49—50 46—47 p. 1977 
Dibromohydrin p-nitrobenzoate ... 57—58 77—178 -- . 
palmitate ............ 34 35-5 28 . 
Dichlorohydrin p-nitrobenzoate ... 35:5—37 58—59 26—48 ® 
salicylate ...........+ 56—58 50 — ? 
Glycerol Ft se prec anegeey a vet 107 120—121 —_ . 

od dibenzoate mono-p-nitro- 

RODEN | wrocesenneseccnme 114 86—87 -- : 


”” ” 1 1 3-5—1 14 89 —_ 
‘é di-p-nitrobenzoate mono- 


BURRORR.. .ccoruscccangacsees 122—123 152—152-5 115 : 
° di-p-nitrobenzoate mono- 
ROOTBAG. Be id35c5 ici .crsets 129—130 161 110—112 ° 
» distearate monoacetate ... 59 64 56—58 10 
9 distearate mono-p-nitro- 
benzoate ........sceseeeees 74:5 61 60 a 
- dimethyl ether p-nitro- 
I, | csetainiarivanse 43—44 43 26 13 
monopalmitate 
(lower-melting form of the a-iso- 
SENT otinnssssnsaesteheantenssuns 74—75 68-5 64—66 p. 1977 
(higher-melting form of the a-iso- 
MAGGS) i sices ocd dinnesdipdsb.<daubis 78 69 70—75 as 


1 J., 1926, 3146, 3148. 2 J., 1929, 129. ® Conant and Quayle, J. 
Amer. Chem. Soc., 1923, 45, 2771. 4 Humniki, Rocz. Chem., 1931, 11, 
670. 5 Fischer, Bergmann, and Barwind, Ber., 1920, 58, 1597; Helferich 
and Sieber, Z. physiol. Chem., 1928, 175, 311. 6 Fischer, Bergmann, and 
Barwind, Ber., 1920, 58, 1597; Bergmann, Brand, and Dreyer, Ber., 1921, 54, 
963. 7 Helferich and Sieber, Z. physiol. Chem., 1927, 170, 31; 1928, 175, 
311. ® Fischer, Ber., 1920, 58, 1621; Helferich and Sieber, Z. physiol. 
Ohem., 1927, 170, 31. ® Fischer, Ber., 1920, 58, 1621. 10 Idem, ibid. 
11 Idem, ibid. ™ J., 1931, 445. ™ Bergmann and Carter, Z. physiol. Chem., 
1930, 191, 211. 


Fischer noted in the case of three of the four pairs of compounds 
which he so examined that the symmetrical isomeride melted at the 
higher temperature. The increased number of examples now 
available shows that the unsymmetrical compound may melt 
above, at the same temperature as, or below, its symmetrical 
isomeride (compare Robinson, Roche, and King, J. Amer. Chem. Soc., 
1932, 54, 705). 


EXPERIMENTAL. 
a-Monoiodohydrin, CH,I-CH(OH)-CH,-OH.—A specimen pre- 
pared by Fischer and Pfihler’s method (Ber., 1920, 53, 1606) from 
®y-tsopropylidenemonochlorohydrin was proved to be identical 
with “‘ Alival” by the m. p. of the mixed p-nitrobenzoates. Such a 
proof is the more desirable in consequence of the mistake regarding 
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monoiodohydrin (p. 1973), and of the occasional great similarity in 
melting point of isomeric glycerol derivatives (see table) (Found : 
I, 62-6. Calc. for C,H,0,I : I, 62-9%). 

a-Monoiodohydrin (Fischer and Pfahler, loc. cit.) on p-nitro- 
benzoylation gave the di-p-nitrobenzoate, m. p. 102° alone or mixed 
with the di-p-nitrobenzoate of ‘“ Alival’’ obtained by Fischer’s 
method (Ber., 1920, 53, 1625) (Found: I, 25-9. Cale. for 
C,,H,,0,N,I: I, 25°4%). 

af-Di-iodohydrin p-Nitrobenzoate, CH,I-CHI-CH,°0-CO-C,H,NO,. 
—To 3 g. of allyl p-nitrobenzoate (J., 1926, 3146), 3-5 g. of iodine 
dissolved in chloroform were added with stirring. After 
evaporation of the solvent, the residue was washed with N/100- 
sodium hydroxide and then with water, dried with absorbent paper, 
and recrystallised from alcohol; m. p. 66—67° (decomp.) (Found : 
C, 26-2; H, 2-2; I, 55:3. C,,H,O,NI, requires C, 26-0; H, 2-0; 
I, 55-1%). 

a8-Di-iodohydrin melted at 43° (compare Hiibner and Lellmann, 
Ber., 1880, 13, 460; 1881, 14, 207). 

ay-Di-iodohydrin p-Nitrobenzoate, (CH,I),CH-O-CO-C,H,-NO,.— 
The pharmaceutical product ‘‘ Jothion ” and «y-di-iodohydrin (Claus, 
Annalen, 1873, 168, 21) were p-nitrobenzoylated as described by 
Fischer (loc. cit., p. 1633). Only after repeated treatment with 
potassium iodide did the latter yield a p-nitrobenzoate melting, 
alone or mixed with that from “‘ Jothion,” at 81—82° (Found: I, 
550. C, >H,O,NI, requires I, 55-1%). 

a8-Di-iodohydrin Laurate, CH,I-CHI-CH,°O-CO-C, ,H,,.—6-2 G. of 
iodine, added gradually, were ground in a mortar with 10 c.c. of 
chloroform containing 6 g. of allyl laurate (Rewadikar and Watson, 
J. Indian Inst. Sci., 1930, 13a, 132). The product was extracted 
with ether, washed with dilute sodium thiosulphate solution and 
with water, dried over sodium sulphate, concentrated, and 
crystallised at 0°. It formed pale yellow crystals, m. p. 38—39° 
from ice-cold light petroleum (Found: C, 36-8; H, 5-8; I, 51:8. 
C,;H,,0,I, requires C, 36-4; H, 5-7; I, 51-4%). 

a8-Di-iodohydrin palmitate was prepared in the same way as the 
laurate, 6 g. of allyl palmitate (J., 1929, 129) being used; pale 
yellow crystals were obtained from light petroleum and then alcohol, 
m. p. 55° (Found: C, 41-5; H, 6-8; I, 46-5. C,,H;,0,I, requires 
C, 41-5; H, 6-6; I, 46-2%). 

ay-Di-iodohydrin Palmitate, (CH,I),CH*O-CO-C,;H,,;.—7°3 G. of 
palmitic acid were warmed at 60° with 15 c.c. of thionyl chloride for 
1 hour, the excess of the latter removed under reduced pressure, 8-9 g. 
of wy-di-iodohydrin (see above) added, and the mixture heated at 60° 
for 90 minutes. (Decomposition with evolution of iodine occurred 
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at higher temperatures.) The product was extracted, washed (dilute 
sodium bicarbonate solution), and dried (sodium sulphate) in ether 
and crystallised from light petroleum and repeatedly from alcohol, 
forming pale yellow crystals, m. p. 48—49° (Found: C, 41:8; 
H, 6-7; I, 46-5. C,,H,,0,I, requires C, 41-5; H, 6-6; I, 46:2%). 
a8-Di-iodohydrin Stearate, CH,I-CHI-CH,°O-CO-C,,H,,.—This was 
prepared (5 g. of iodine ; 20 c.c. of chloroform ; 6-5 g. of allyl stearate, 
loc. cit., p. 131) and purified in the same way as the laurate ; it formed 
pale yellow crystals, m. p. 55—56° (Found: C, 43-7; H, 7-1; I, 
44-3. C,,H, 0,1, requires C, 43-6; H, 6-9; I, 43-9%). 
ay-Di-iodohydrin Stearate, (CH,I),CH-O-CO-C,,H,,;.—(a) 15 G. of 
stearyl chloride were stirred with a mixture of 4 c.c. of dry pyridine 
and 4 c.c. of chloroform, and 15 g. of «y-di-iodohydrin in 10 c.c. of 
chloroform added, followed, after 12 hours, by water and ether. 


The extract was washed (sodium carbonate solution; water),concen- . 


trated, and repeatedly crystallised from alcohol, giving pale yellow 
crystals, m. p. 49—50°. 

(b) 5 G. of wy-di-iodohydrin and 5 g. of stearyl chloride were 
heated at 70—80° for 1 hour; higher temperatures caused decom- 
position. The product was isolated as above, m. p. 49—50° (Found : 
1, 43-9; H, 7-1; I, 43-5. C,,H 0,1, requires C, 43-6; H, 6-9; I, 
43-9%). 

Glycerol 8-Monopalmitin, CH,(OH)-CH(O-CO-C, ,H,,)*CH,-OH.— 
A sample of this compound, m. p. 69°, was kindly sent to one of the 
authors by Dr. Carter (compare Bergmann and Carter, Z. physiol. 
Chem., 1930, 191, 211). Mixed with the monopalmitin described 
in Part V (J., 1926, 3151), which had m. p. 74—75° in accordance 
with the lower-melting form observed by Fischer (Ber., 1920, 53, 
1605), it melted at 64—66°. This result confirms the view, stated 
in Part V, that no true @-monoglyceride had then been isolated, 
and also supports Dr. Carter’s claim that his product has the true 
8-structure. 


RESEARCH LABORATORIES, Kine’s CoLtteGe, Lonpon, W.C. 2. 
Port SUNLIGHT. (Received, April 6th, 1932.] 


269. Heats of Formation of the Hydrates of Manganous 
Oxalate. 


By Merwyn Lestiz Smite and Bryan Toptey. 


MANGANOUS oxalate forms a trihydrate unstable in contact with 
water at all temperatures, and a stable dihydrate. In connexion 
with some kinetic experiments, a knowledge of the heats of dis- 
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sociation of the hydrates to the anhydrous salt was required. No 
previous thermal measurements on these hydrates have been 
recorded, and no vapour-pressure data exist for the dihydrate; 
moreover, it was found that equilibrium in a tensimeter containing 
dihydrate and anhydrous salt was approached so slowly that 
sufficiently reliable vapour-pressure measurements could not be 
made. Calorimetric measurements with an accuracy of about 1% 
are now recorded. 

The method adopted was measurement of the heats of solution 
of the anhydrous salt and the two hydrates in 6N-nitric acid, which 
dissolves the solids very rapidly. The required heat of formation 
(Q) from the anhydrous salt and liquid water is found from the sum 
Q = Qa + Q. — Qn, according to the scheme : 


MnC,0, + nH,O0 jade MnC,0,,nH,0 
+ {HNO,in (a —n) mols. H,O} a {HNO, in (a — n) ‘mols, H,0} 
| Qa Qh 
MnC,0O Qa MnC,0, and HNO 
4. {HNO, in a mols. H,O} ~~ { ia’ hole. 3 ,0 +} 


Q, and Q,, are the measured heats of solution of the anhydrous 
salt and the hydrate (n = 2 or 3), the final solution being always 
the same, containing an arbitrary amount of nitric acid and a mols. 
of water. Q, is the heat of dilution of the nitric acid solution from 
(a — n) to a mols. of water; under the conditions of the experiment, 
this is almost negligible within the accuracy aimed at: it has been 
calculated from the data given by Julius Thomsen (“ Thermo- 
chemistry,’’ London, 1908, p. 78). 

The calorimeter was constructed from a Dewar vessel with a 
hollow double-walled copper cover dipping into the water in a large 
water-jacket. It was calibrated electrically with a Weston milliam- 
meter specially checked by the makers to an absolute accuracy of 
0-25%. 

The two hydrates were prepared as previously described (Cham- 
berlain, Hume, and Topley, J., 1926, 2620) and the anhydrous salt 
by dehydration at 120° in an atmosphere of nitrogen. With the 
trihydrate it was found best to use slightly damp crystals (with 
about 1% of uncombined water), because decomposition starts so 
rapidly when the crystals are completely dried; the damp crystals 
were analysed, and account taken of the extra water. The quantity 
of manganous oxalate in saturated solution in this small amount of 
extra water is negligible in view of the low solubility. 

Results.—The following results were obtained for the heats of 
solution, calculated for 1 g.-mol. of the solid, at 16—19°. 
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MnC,0,: + 2716, + 2754; mean heat of solution = 2735. 
MnC,0,,2H,O : — 3505, — 3514, — 3517, — 3497, — 3502, 


— 3514; mean heat of solution = — 3508. 
Q=+4. 
MnC,0,,3H,O : — 5035, — 5090, — 5048; mean heat of solution 
= — 5058. 
Qa = + 66. 


From these results we have: 


MnC,0, +- 2H,0 (liquid) = MnC,0,,2H,O + 6247 calories, 
MnC,0, + 3H,0 (liquid) = MnC,0,,3H,0 + 7800 calories, 
Tae Sm Wrr114mM Ramsay LABORATORIES OF INORGANIC AND 


Puysicat CHEMISTRY, UNIVERSITY COLLEGE, 
Lonpon, W.C. 1. [Received, April 16th, 1932.]} 





270. The Rate of Chlorination of Anilides and Phenols 
as affected by Association. 


By Rosert Emrys Roperts and Freprerick GrorGE SoPER. 


THE ease of op-substitution of anilides and phenols is, according to 
Allan, Oxford, Robinson, and Smith (J., 1926, 403) and Ingold 
and Ingold (ibid., p. 1310), to be ascribed to the tendency of the 
nitrogen or oxygen atom respectively to act as an electron source. 
The fact that the halogenation of the negative phenoxide ion by 
hypochlorous and hypoiodous acids is many thousand times more 
rapid than that of the un-ionised phenol (Soper and Smith, J., 1926, 
1582; 1927, 2757) is in harmony with this principle. Further, it 
was shown by Orton and Bradfield (ibid., p. 986) that, in a series of 
acylanilides in which the acyl group was varied, the more positive 
the nitrogen atom became as a result of the electron affinity of the 
acyl group (shown by the ionisation constant of the acid, AcOH), 
the less rapidly did chlorination occur. 

The principle being accepted that the rate of substitution of 
anilides and phenols is closely dependent on the negativity of the 
oxygen and nitrogen atoms, a study of the rate of chlorination of 
associated phenols and anilides should be of interest, as affording 
evidence for their mode of association from the simple substances. 
According to Sidgwick (‘‘ The Electronic Theory of Valency,” 1927, 
p. 134), association arises through a hydrogen atom acting as 
acceptor and a nitrogen or oxygen atom as donor, which would 
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result in the atom a becoming more positive and b more negative by 


Ph = Ph Ph = Ph 
(.) H-O0>H—O H—N>H—N (IL) 
(a) (0) Ac Ac 


the electron displacement in its direction (I). The molecule as a 
whole would therefore be more reactive than an unassociated 
molecule, since one of its oxygen atoms has become mcre negative. 
A similar remark applies also to the anilide (II). If, however, the 
associated molecules tend to become co-ordinate’ to form ring 
systems, both oxygen (or nitrogen) atoms tend to »ecome more 


—— —— — 
Ph 6 H aT a ° Ph—0*—H 
—O—Ph pe H—0O'=Ph 
(III.) (IV.) (V.) 


positive and the associated phenol (or anilide) should undergo sub- 
stitution, e.g., chlorination, more slowly than the unassociated 
substance (III). 

A similar conclusion seems unavoidable even if the association is 
merely an attraction of dipoles (Smith and Engel, J. Amer. Chem. 
Soc., 1929, 51, 2669) and not actual co-ordination (IV). 

The mode of association proposed by Sugden (‘‘ The Parachor, 
etc.,”’ London, 1930, 168) to account for the parachor anomaly of 
associated liquids is a conversion of two or three molecules of the 
substance into a ring system by single-electron links, represented 
in the bimolecular formula (V) by short dashes. Here, the oxygen 
retains its four unbound electrons and shares two with hydrogen as 
in the unassociated molecule. The negativity of the oxygen atom 
is therefore similar to that of these atoms in the unassociated 
molecules, and the reactivity of associated and unassociated 
molecules might also be expected to be similar. 

A comparison of the relative rates of chlorination of associated 
and unassociated molecules of anilides and phenols may be made in 
a simple manner by examining the speeds of chlorination, different 
initial concentrations of these substances being used in an associating 
solvent. In the more concentrated solutions the degree of associ- 
ation is greater, and a study of the relation of reaction speed to 
concentration of anilide or phenol will allow of a decision as to the 
relative reactivities of the associated and unassociated molecules. 

Carbon tetrachloride, pentachloroethane, and chlorobenzene 
were selected as suitable associating solvents, the range of which 
was restricted by the necessary condition of stability to chlorine. 
Blank experiments were first carried out using methylacetanilide in 
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pentachloroethane. This anilide shows no association in benzene, 
chloroform, or ether (Meldrum and Turner, J., 1910, 97, 1605) and 
doubling its initial concentration whilst keeping the initial concen- 
tration of chlorine the same should therefore double the initial 
speed, and halve the time of one-third disappearance of chlorine. 
The bimolecular velocity coefficients obtained increased with time, 
showing a drift of some 10—15% from 30—50% change. That 
this is probably due to the medium effect of the polar hydrogen 
chloride produced in the reaction, was confirmed by its addition 
initially to the reaction mixture, an enhancement of the speed 
being then observed. In the following table, only the initial molar 
concentrations and time of one-third reaction are therefore recorded. 


Chlorination of methylacetanilide in pentachloroethane at 20°. 


Initial [Cl,]. Initial [anilide]. tyjgs hrs. 
0-0107 0-0340 136 
0-0105 0-0674 62 


Similar normal behaviour was observed for an ether, viz., diphenyl 
ether, in chlorobenzene. Five-fold increase of its initial concen- 
tration decreased the time of half-decomposition from 255 to 
47 mins. : 


Chlorination of diphenyl ether in chlorobenzene at 20°. 


Initial [Cl,]. Initial [ether]. tye» Mins. 
0-0120 0-0485 255 
0-:0120 0-2425 47 


Since, when association is absent, the course of chlorination 
appears to be normal in these solvents, anomalous relations between 
the time of half-disappearance of chlorine and the initial concen- 
tration of anilide and phenol may be attributed to the different 
reactivities of the associated and unassociated molecules. The 
results at 20-0° for acetanilide, which is known to associate in 
benzene (Beckmann, Z. physikal. Chem., 1890, 6, 437; Landsberger, 
Z. anorg. Chem., 1898, 17, 422), and for p-chlorophenol, which 
associates in naphthalene (Auwers, Z. physikal. Chem., 1895, 18, 595; 
Auwers and Orton, ibid., 1896, 21, 337), are given in the following 
table. 

In each case doubling the concentration of the anilide or phenol 
causes a decrease in the time of half-decomposition, i.e., a 3- to 
7-fold increase in the speed of reaction. The associated molecules 
must therefore be more reactive than the unassociated, and one of 
the nitrogen or oxygen atoms, respectively, more negative in the 
associated than in the unassociated state. This is in harmony 
with the singly co-ordinated mode of association proposed by 
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Acetanilide in pentachloroethane. 


Initial [Cl,]. Tnitial {anilide]. bryos mins. 
0-00350 0-01662 1-4 
0-00455 0-00831 10-0 


Acetanilide in chlorobenzene. 
Initial [Cl,]. Initial [anilide]. tq Mins. 


0-0037 0-00374 4-10 
0-0037 0-00749 1-50 
0-0037 0-0112 0°63 


p-Chlorophenol in carbon tetrachloride. 


Initial [Cl,]. Initial [phenol]. tj, mins. 
0-00768 0-0333 21 
0-00760 0-0166 79 


Sidgwick, and definitely negatives the idea of double co-ordination 
(III). An alternative mechanism of association which would be in 
agreement with the observed results for acetanilide may be advanced, 
in which the donating atom is the oxygen atom of the acetyl group. 
Here single as double co-ordination would increase the negativity of 
the nitrogen. No such alternative mode of association exists for 
phenols. 


The authors wish to thank the Chemical Society for a grant by 
the aid of which the materials for this investigation were purchased. 


Untversiry CoLLEGE or NortH WALES, 
BAnGor. [Received, April 22nd, 1932.] 





271. The Basic Character of a-Methoxyanthraquinones. 
By K. C. Roperts. 


Tue formation of salts by methoxyanthraquinones observed by 
Fischer (J. pr. Chem., 1911, 84, 369; 1912, 86, 297) is now shown 
to be peculiar to «-methoxyanthraquinones, and is explicable in 
terms of the views developed (J., 1929, 863, 1322; 1931, 520; this 
vol., p. 1792) to account for the similar characteristics of xanthones 
and thioxanthones containing methoxy] in the o-position to carbonyl. 

The methods of examination are similar to those previously 
adopted. The mono-«-methoxyanthraquinones are not sufficiently 
basic to permit the isolation of salts by the methods successful 
with corresponding xanthone and thioxanthone derivatives. The 
mean alcohol-titration values (J., 1929, 869) are 19 ¢.c. for 
l-methoxy-, 1 : 2-, and 1 : 3-dimethoxy-anthraquinones, 24 ¢.c. for 
]-methoxyxanthones, and 30 c.c, for 1-methoxythioxanthones. 
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1 : 2-Dimethoxyanthraquinone forms a red stannichloride (I): a 
1 ; 2-dimethoxyanthraquinone stannichloride having the same 
composition is described by Pfeiffer (Annalen, 1913, 398, 187) as 
being non-bathochromic. 


CO ee 
O 
‘(teQ) 2 
SG 
M1 aie) (C10, Me ; ie 
% 
EE 
XCl,” 


“snl, 
(I.) (II.) (III.) 


The presence of two a rel sh in the 1; 4- and 
1 : 5-dimethoxy-derivatives enhances the stability of the salts 
(titration values, 35 c.c. and 32 c.c. respectively). Both substances 
form red diperchlorates (II) and corresponding chlorostannates, 
B,H,SnCl,, but the red stannichlorides have the same composition 
as that found for the 1 : 2-derivative. 

1 : 8-Dimethoxyanthraquinone is soluble in concentrated hydro- 
chloric acid and, having a titration value of 75 c.c., is the most 
strongly basic of the derivatives examined. It yields a chloro- 
stannate and a chloroplatinate derived from a diacid type B,H,XCl,, 
to which is ascribed the dichelate structure (III) assigned (this vol., 
p. 1793) to the salts of a 1 : 8-dimethoxythioxanthone. 


EXPERIMENTAL. 

Derivatives of a-Methoxyanthraquinones.—1 ; 2-Dimethoxyanthraquinone 
(from alizarin by the method of Baker and Robinson; J., 1928, 3116) formed 
with excess of SnCl, in C,H, a deep red cryst. stannichloride (I), volatile at 
150° in vac. (Found: Sn, 22-3. C,¢H,,0,,SnCl, requires Sn, 22-4%). 

1 : 4-Dimethoxyanthraquinone, unlike the 1 : 2-derivative, yielded a red 
solution in HCl aq. and a red hydrochloride with dry HCl. The stanni- 
chloride was a brick-red solid, volatile at 150° in vac. (Found: Sn, 22-56%). 
The anthraquinone in C,H, and 60% HClO, aq. gave an orange solid, which dried 
in vac. to a hygroscopic deep-magenta diperchlorate (II) (Found: HC10,, 44-0. 
C,.H,,0,,2HCIO, requires HCIO,, 428%): this also separated in perman- 
ganate-coloured needles from the hot reagent. A chlorostannate was obtained 
from SnCl, and the anthraquinone in C,H, saturated with HCl as a violet- 
black flocculent material which became orange-coloured on removal of C,H, 
(Found: Sn, 19-7. C,,H,,0,,H,SnCl, requires Sn, 19-7%): an orange 
form was obtained with the aq. reagent. Orange hydrated chloroplatinates 
were similarly obtained with aq. H,PtCl,, the formule probably being 
C,,H,,0,,H,PtCl,,nH,O. Heated in vac. at 110°, they gave a deep purple 
material apparently retaining H,O. 

1 ; 5-Dimethoxyanthraquinone yielded a red solution in HCl aq. and a 
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yellow hydrochloride with dry HCl. The stannichloride was a brick-red cryst. 
substance volatile at 150° in vac. (Found: Sn, 22:1. C,,H,,0,,8nCl, 
requires Sn, 22-4%). The purple-black cubes, with a metallic lustre, of the 
diperchlorate (II) (Found: HCl0,, 40-6. C,,H,,0,,2HCIO, requires HCI0,, 
42-8%) deposited from hot aq. 60% HClO, were extremely hygroscopic 
and rapidly became yellow in air. The chlorostannate was obtained in contact 
with C,H, as a deep blue flocculent material which when purified for analysis 
in contact with C,H, vapour became orange-brown (Found: Sn, 15-7. 
C,,H,,0,,H,SnCl,,2C,H, requires Sn, 15-7%) : the blue material, purified in 
vac. over paraffin, became red, but retained a small amount of C,H, (Found : 
Sn, 18-2. C,,H;,0,H,SnCl, requires Sn, 19:7%. 2C,,.H,,0,,H,SnCl, 
requires Sn, 13:6%). The hydrated yellow chloroplatinate dried at 
room temperature to a deep brown substance (Found: Pt, 23-6. 
C,,¢H,,0,,H,PtCl,,8H,O requires Pt, 23-7%). 

1 : 8-Dimethoxyanthraquinone yielded an orange solution in HCl aq. but 
did not absorb dry HCl. It did not form a stannichloride, but in presence of a 
very large excess of SnCl, a scarlet chlorostannate (as III) resulted (Found : 
Sn, 19-6. C,,H,,0O,,H,SnCl, requires Sn, 19°7%), which was also obtained 
by usual methods (Found: Sn, 19-4%). The chloroplatinate (as III) was 
obtained as yellow needles, which yielded a stable reddish-brown form when 
dried over P,O, in vac. at 110° (Found: Pt, 21-6; H,O, 24-3. 

C,,H,,0,,H,PtCl,,12H,O0 
requires Pt, 21:8; H,O, 24:1%): intermediate scarlet and magenta stages 
were observed during dehydration. An orange monoperchlorate crystallised 
from the hot reagent in needles (Found: HClO,, 27-6. C,,H,,0,,HCIO, 
requires HC1O,, 27:2%), which absorbed ca. 3 mols. H,O from the air, giving a 
stable yellow hydrate. 


Krine’s Cottece, Lonpon. (Received, May 24th, 1932.] 





272. 4-Anilinoquinaldine Derivatives. 
By O. G. BACKEBERG. 


In view of the powerful local anesthetic action ascribed by 
Silberstein (D.R.-P. 137,121) to 4-anilinoquinaldine and 4-p- 
phenetidino-6-ethoxyquinaldine (J., 1931, 2814) a series of similar 
compounds has been synthesised, the pharmacological action of 
which will be investigated by Prof. J. M. Watt of this University : 
only one similar compound has been described (4-anilino-6-meth- 
oxyquinaldine; Slater, J., 1931, 118). 


4-Chloroquinaldine or its 8-methoxy-, 6-methoxy-, 8-ethoxy-, or 6-ethoxy- 
derivative (1 mol.) was refluxed with aniline, o- or p-anisidine, or 0o- or p- 
phenetidine (1 mol.) in glac. AcOH for 3 hrs. The hydrochloride of 4-anilino- 
6-ethoxyquinaldine crystallised from the hot solution; other hydrochlorides 
separated, usually as a gelatinous mass of pale yellow, silky needles, only 
after dilution with H,O and addition of conc. HCl; but the hydrochlorides 
of the condensation products of 8-methoxy- and 8-ethoxy-4-chloroquinaldine 
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with aniline, o- and p-anisidine did not separate under these conditions and 
appeared to be unstable and easily hydrolysed. 

The bases formed well-defined colourless crystals from dil. EtOH, readily 
soluble in EtOH and sparingly soluble in Et,0. The hydrochlorides are pale 
yellow, and the picrates, which crystallise well from EtOH, are bright yellow. 

The condensation of other aromatic bases with 4-chloroquinaldines is being 
investigated. 

(Nitrogen determinations were carried out by the micro-Dumas method.) 

o-Phenetidine has d??. 1-0513. 

(1) 4-Chloro-8-methoxyquinaldine monohydrate, long colourless needles, 
m. p. 83°; dried in vac. over P,O,, the anhydrous base has m. p. 89° (Found : 
C, 58-5; H, 53; H,O, 7-9. C,,H,gONCI,H,O requires C, 58-55; H, 5-3; 
H,0, 8-0%). Picrate, m. p. 191° (decomp.). 

(2) 4-Hydroxy-8-ethoxyquinaldine dihydrate, large colourless prisms (from 
H,O), becoming anhydrous at 110°; m. p. 197°. Reddish-purple coloration 
with FeCl, aq. (Found: H,O, 15-15. C,,H,,0,N,2H,O requires H,O, 15-1%. 
Found for anhydrous base: N, 7-0. C,,H,,;0,N requires N, 69%). Hydro- 
chloride, m. p. 264° (decomp.) (Found: Cl, 14:9. C,,H,,0,N,HCl requires 
Cl, 148%). Picrate, m. p. 211°. 

(3) 4-Chloro-8-ethoxyquinaldine monohydrate, long colourless needles, m. p. 
61°; dried in vac. over P,O,;, the anhydrous base has m. p. 44° (Found: 
N, 5:8; H,O, 7-6. C,,H,,ONCI,H,O requires N, 5-85; H,O, 7-5%). Picrate, 
m. p. 193° (decomp.). 

(4) 4-0-Anisidinoquinaldine, m. p. 203° (Found: N, 10-7. C,,H,,ON, 
requires N, 106%). Hydrochloride, m. p. 252° (decomp.) (Found: Cl, 11-7. 
C,,H,,ON,,HCI requires Cl, 11-8%). Picrate, chars at 276°. 

(5) 4-p-Anisidinoquinaldine, m. p. 209° (Found: N, 10:7%). Hydro- 
chloride, m. p. 286° (decomp.) (Found: Cl, 11:6%). Picrate, m. p. 223° 
(decomp. ). 

(6) 4-0-Phenetidinoquinaldine, m. p. 171° (Found: N, 10-2. C,,H,,ON, 
requires N, 10-1%). Hydrochloride, m. p. 143° (Found: Cl, 11-4. 

C,,H,,0N,,HCl 
requires Cl, 11:3%). Picrate, chars at 274°. 

(7) 4-p-Phenetidinoquinaldine, m. p. 182° (Found: N, 10:2%). Hydro- 
chloride, m. p. 277° (decomp.) (Found: Cl, 11-1%). Picrate, m. p. 223°. 

(8) 4-Anilino-8-methoxyquinaldine, m. p. 268° (Found: N, 10-7. C,,H,,ON, 
requires N, 106%). Picrate, m. p. 189°. 

(9) 4-0-Anisidino-8-methoxyquinaldine, m. p. 198° (Found: N, 9-6. 
C,,H,,0,N, requires N, 9-5%). Picrate, m. p. 192°. 

(10) 4-p-Anisidino-8-methoxyquinaldine, m. p. 234° (Found: N, 9-65%). 
Picrate, m. p. 187°. 

(11) 4-0-Phenetidino-8-methoxyquinaldine, m. p. 191° (Found: N, 9-2. 
C,9H0,N, requires N, 9:1%). Hydrochloride, m. p. 210° (decomp.) (Found : 
Cl, 10-3. C,gH,»O,N,,HCl requires Cl, 10-3%). Picrate, m. p. 174°. 

(12) 4-p-Phenetidino-8-methoxyquinaldine, m. p. 228° (Found: N, 9-1%). 
Hydrochloride, m. p. 245° (decomp.) (Found: Cl, 10-25%). Picrate, m. p. 
188°. 

(13) 4-0-Anisidino-6-methoxyquinaldine, m. p. 193° (Found: N, 9-5%). 
Hydrochloride, m. p. 274° (decomp.) (Found: Cl, 10-6. C,,H,,0,N,,HCI 
requires Cl, 10:7%). Picrate, m. p. 233° (decomp.). 
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(14) 4-p-Anisidino-6-methoxyquinaldine, m. p., alone or mixed with a 
specimen prepared in 10% yield by Silberstein’s method (/oc. cit.), 203° (Found : 
N,9-5%). Hydrochloride, m. p. 292° (decomp.) (Found: Cl, 10-7%). Picrate, 
m, p. 274° (decomp.). 

(15) 4-0-Phenetidino-6-methoxyquinaldine, m. p. 172° (Found: N, 92%). 
Hydrochloride, m. p. 238° (decomp.) (Found: Cl, 10-2%). Picrate, m. p. 
229°. 

(16) 4-p-Phenetidino-6-methoxyquinaldine, m. p. 223° (Found: N, 91%). 
Hydrochloride, m. p. 282° (decomp.) (Found: Cl, 10-1%). Picrate, m. p. 251° 
(decomp. ). 

(17) 4-Anilino-8-etho~yquinaldine, m. p. 245° (Found: N, 10-2. C,,H,,ON, 
requires N, 10:1%). Picrate, m. p. 191°. 

(18) 4-0-Anisidino-8-ethozyquinaldine, m. p. 203° (Found: N, 91: 
C,9H,0,N, requires N, 9:1%). Picrate, m. p. 163°. 

(19) 4-p-Anisidino-8-ethoryquinaldine, m. p. 211° (Found: N, 9-2%). 
Picrate, m. p. 174°. 

(20) 4-0-Phenetidino-8-ethoryquinaldine, m. p. 143° (Found: N, 8:-7- 
CyoH,,0,N, requires N, 8-7%). Hydrochloride, m. p. 147° (decomp.) (Found: 
Cl, 10-0. C,9H,,0,N,,HCl requires Cl, 9-9%). Picrate, m. p. 164°. 

(21) 4-p-Phenetidino-8-ethozyquinaldine, m. p. 209° (Found: N, 8:7%). 
Hydrochloride, m. p. 240° (decomp.) (Found: Cl, 10°0%). 

(22) 4-Anilino-6-ethoxyquinaldine, m. p. 223° (Found: N, 10°-2%). Hydro- 
chloride, m. p. 311° (decomp.) (Found: Cl, 11-3. C,,H,,ON,,HCl requires 
Cl, 11-3%). Picrate, m. p. 227°. 

(23) 4-0-Anisidino-6-ethoxyquinaldine, m. p. 158° (Found: WN, 91%). 
Hydrochloride, m. p. 255° (decomp.) (Found: Cl, 10-2. C,,H,,0,N,,HCI 
requires Cl, 10-3%). Picrate, m. p. 200°. 

(24) 4-p-Anisidino-6-ethoryquinaldine, m. p. 194° (Found: WN, 9-2%). 
Hydrochloride, m. p. 281° (decomp.) (Found: Cl, 10-25%). Picrate, m. p. 
221°, 

(25) 4-0-Phenetidino-6-ethoxyquinaldine, m. p. 177° (Found: N, 87%). 
Hydrochloride, m. p. 279° (decomp.) (Found : Cl, 9-7%). Picrate, m. p. 219°. 

The picrates of the following known compounds were also prepared : 
4-hydroxy-8-methoxyquinaldine, m. p. 217°; 4-hydroxy-6-methoxyquin- 
aldine, m. p. 202°; 4-hydroxy-6-ethoxyquinaldine, m. p. 205°; 4-chloro-6- 
methoxyquinaldine, m. p. 210° (decomp.); 4-chloro-6-ethoxyquinaldine, 
m. p. 209°; 4-anilino-6-methoxyquinaldine, m. p. 269° (decomp.); and 
4-p-phenetidino-6-ethoxyquinaldine, m. p. 217°. 

Solubility in Benzene.—Compounds 4, 6, 9, 11, 13, 15, 18, 20, and 25 are 
readily soluble in cold C,H,, compounds 7, 16, and 24 are sparingly soluble 
in cold and soluble in hot C,H,, and compounds 5, 8, 10, 12, 14, 17, 19, 21, 
22, and 23 are sparingly soluble in hot C,H,. 


The author thanks Prof. H. Stephen for his interest in the work. 


UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SouTH AFRICA. [ Received, June 13th, 1932.] 
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273. Reactions between Hexamethylenetetramine and 
Phenolic Compounds. Part I, A New Method for 
the Preparation of 3- and 5-Aldehydosalicylic Acids. 


By J. C. Durr and E. J, Bus. 


HEXAMETHYLENETETRAMINE and salicylic acid, heated in aqueous 
solution, gave, not the expected 3- and 5-hydroxymethylsalicylic 
acids, but 3- and 5-aldehydosalicylic acids, which were readily 
separated by means of benzene. m- and p-Hydroxybenzoic acids 
under the same conditions gave complex amorphous products. 


Preparation of 3- and 5-Aldehydosalicylic Acids.—Salicylic acid (40 g.) 
hexamethylenetetramine (27 g.), and H,O (300 c.c.) were boiled under reflux 
for 16 hrs., the cooled solution acidified with 4N-HCl (300 c.c.), and the 
yellow ppt. dried and extracted with four lots of C,H, (100 c.c.) at 70°. The 
insol. portion, cryst. from boiling H,O (charcoal), yielded 7-5 g. of 5-alde- 
hydosalicylic acid. The C,H, solution was evaporated, the residue dissolved 
in 3N-NH, (200 c.c.), and 10% BaCl, (100 c.c.) and 2N-NaOH (50 c.c.) added 
at 50°. After 2 hrs., the ppt. of barium 3-aldehydosalicylate was collected 
and decomposed with dilute HCl, and 3:3 g. of 3-aldehydosalicylic acid 
obtained by crystallisation of the resulting ppt. from boiling H,O. Salicylic 
acid (20 g.) was recovered from the alkaline filtrate. 

The identity of the acids was confirmed by their aldehyde reactions, m. p.’s 
(also of their oximes), equiv. (titration), and by conversion into the 
corresponding hydroxyisophthalic acids and hydroxymethylsalicylic acids by 
oxidation and reduction respectively. 

The two aldehydosalicylic acids, unlike salicylic acid, when titrated in 
EtOH with Ba(OH), aq., had equiv. 83, exactly half of that found in H,O. 


THe TrcHNIcAL CoLLEGE, BrmMINGHAM. [Received, May 3rd, 1932.] 





274. The Action of Sulphur on Amines. Part III. 
The Recognition of Trithio-o-toluidine as 2: 2’- 
Diamino-5 : 5’-ditolyl Trisulphide. 

By H. H. Hopeson and H. V. Francsz. 


DITHIO-0-TOLUIDINE (Hodgson, J., 1912, 101, 1693) has now been 
identified as 2 : 2’-diamino-5 : 5’-ditolyl disulphide by its preparation 
from 5-bromo-2-nitrotoluene. Since in aqueous sodium trisulphide 
solution it is readily converted by atmospheric oxidation into tri- 
thio-o-toluidine (loc. cit.), this must be 2: 2'-diamino-5 : 5’-ditolyl 
trisulphide. The ready coupling of the diazotised compounds with 
alkaline 8-naphthol is in harmony with these constitutions, for if the 
sulphur atoms were in the o-position to the amino-groups, an 








1988 LE FRVRE AND LE FEVRE: COMPARISON OF THE 


insoluble non-coupling diazotoluene sulphide should be produced by 
the action of nitrous acid (compare Hodgson, J., 1924, 125, 1856). 

Preparation of 2: 2’-Diamino-5 : 5’-ditolyl Disulphide-—5-Bromo-2-nitro- 
toluene (2°5 g.) was boiled under reflux with Na,§S, (17 g.) and H,O (75 c.c.) for 
40 hrs., unchanged material and 5-bromo-o-toluidine were removed by steam- 
distillation, and the cooled filtered solution was oxidised with air. The ppt. 
produced was extracted with dil. HCl, and the bases recovered by means of 
NH, aq. As they appeared to be a mixture of di- and tri-sulphides, they were 
reduced with Zn and HCl aq., the 2-amino-5-tolylthiol produced was treated 
with 10% NaOH aq., and the filtered solution oxidised with air. 2: 2’- 
Diamino-5 : 5’-ditolyl disulphide, which was rapidly ppted., crystallised from 
50% EtOH aq. in long colourless rhombs, m. p. 112° (alone or mixed with 
dithio-o-toluidine) (Found: 8, 23°4. C,,H,,N,S8, requires 8S, 23-2%). The 
hydrochlorides of the two specimens had m. p. and mixed m. p. 256—257°, and 
the acetyl derivatives, 224—225°. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, June 3rd, 1932]. 





275. Comparison of the Directive Powers of Elements 
having Consecutive Atomic Numbers. Part II]. 
Nitration of  Halogeno-2-phenylbenzopyrylium 
Salts. 

By CaTuertmne G. Lz Fivre and R. J. W. Le Fivee. 


THE experiments already described (J., 1929, 2771; 1930, 2236) 
suggested that, on account of the high m. p.’s (often with decom- 
position) characteristic of the series, thermal analysis might not 
be easily applicable to the mixed nitration products from a phenyl- 
benzopyrylium salt. For continuance of the programme there 
outlined, therefore, some other method of analysis was required. 

Accordingly various halogenobenzopyrylium perchlorates were 
examined in which the strong — J effect of the oxonium pole was 
opposed to the weaker — J effect of the halogen in the o- or p- 
position, i.e., cases where it appeared possible that nitration might 
produce a mixture of two compounds one only of which would 
possess a halogen labile towards alkaline reagents. Estimation 
would then be a matter of weighing silver halide. 

The preparation of 4’- and 6-chloro- and -bromo- and 6 : 8-dichloro- 
and -dibromo-2-phenylbenzopyrylium perchlorates from the appro- 
priate halogenated salicylideneacetophenones is herein described. 
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100% of m-nitro-derivatives, identified by comparison with specimens 
synthesised from the appropriate m-nitroacetophenones and salicyl- 
aldehydes. As additional verification the isomeric p-nitropheny]l- 
salt was synthesised in one case and found to be quite distinct 
from the products of nitration. 

When the total nitration product from 4’-chloro- or -bromo-2- 
phenylbenzopyrylium perchlorate was heated with piperidine for 
1 hour, and the diluted solution acidified with nitric acid, a fuschia- 
coloured solution was formed from which perchloric acid precipitated 
dark red 3’-nitro-4’-piperidino-2-phenylbenzopyrylium perchlorate, 
m. p. 100—110°, which was also obtained from 3-nitro-4-piperidino- 
acetophenone and salicylaldehyde. The filtrate yielded | silver 
halide agreeing nearly with 100% m-nitration. 

The predominantly unidirectional course of the above nitrations 
renders them unsuitable for realisation of the main purpose of this 
work, viz., comparison of the nitration of oxonium salts and the 
analogous quinolinium salts. 

The nitration products of the two dihalogeno-salts were impure ; 
some nitration evidently occurred in the halogen-containing nucleus, 
since a trace of labile chlorine could be detected by boiling with 
piperidine. 

2-Phenylbenzopyrylium perchlorate was inert towards nitric 
acid and required 30—40 hours for satisfactory mononitration : 
the four monohalogeno-salts, however, were all mononitrated by 
5—15 hours’ solution in nitric acid. These results are not in 
harmony with the usual deactivating effect of halogens in simple 
aromatic molecules and constitute examples of the phenomenon 
mentioned by Robinson (Informal Discussion, Feb. 18th), viz., 
that in some molecules a certain maximum of deactivation exists, 
beyond which the inductive action of a substituent group may 
become the reverse of that exhibited in less fully substituted mole- 
cules (e.g., Clin chlorobenzene : — J, + 7’; in pyrylium compounds, 
apparently + J, + 7). 

Labilisation of Halogens by an Oxonium Pole.—To determine 
whether the oxonium pole (— J, but no — T effect) can labilise a 
halogen substituent, the above un-nitrated halogeno-salts were 
tested against the silver nitrate-acetic acid reagent (J., 1931, 810). 
No silver halide was detected, indicating that this type of labilisation 
depends much more upon a — 7' than upon a — I electronic dis- 
tortion of the halogen-containing molecule. 


EXPERIMENTAL. 


Salicylidene-p-chloroacetophenone.—A warm solution of KOH (30 g.) in 
H,O (25 c.c.) was added to salicylaldehyde (25 g.), 95% EtOH (80 c.c.), and 
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p-chloroacetophenone (20 g.). After 1 hr., the scarlet crystals were collected 
and decomposed with dil. AcOH. Salicylidene-p-chloroacetophenone (12 g.) 
crystallised from 95% EtOH in yellow microscopic needles, m. p. 151° (de- 
comp.) (Found: C, 69-3; H, 4-3. C,,H,,0,Cl requires C, 69-6; H, 43%). 

4’-Chloro-2-phenylbenzopyrylium Perchlorate.—Salicylidene - p - chloroaceto- 
phenone (0-2 g.) in boiling AcOH (5 c.c.) was heated with HCl aq. (3 ¢.c.) until 
. the solution was pale yellow; HClO, aq. (10 ¢.c.; d 1-12) was then added. 
4’-Chloro-2-phenylbenzopyrylium perchlorate separated on cooling in small 
yellow plates, m. p. 193°, unchanged by recrystn. from AcOH (Found: C, 
62-6; H, 3-3. C,,H,,0,Cl, requires C, 52-8; H, 3-0%). 

The following compounds were prepared by methods similar to the above. 

Salicylidene-p-bromoacetophenone (28 g. from 28 g. of p-bromoacetophenone), 
yellow plates, m. p. 133°, from 95% EtOH (Found: C, 58-4; H, 3-7. 
C,,;H,,0,Br requires C, 59-4; H, 36%). 4’-Bromo-2-phenylbenzopyrylium 
perchlorate, yellow microscopic plates, m. p. 243—245° (Found: C, 44-1; 
H,30. C,,;H,,0,ClBr,H,O requires C, 44:6; H,3-0%). 5-Chlorosalicylidene- 
acetophenone (from KOH, 40 g., and H,O, 40 ¢c.c.; 5-chlorosalicylaldehyde, 
40 g., acetophenone, 22 g., and EtOH, 120 c.c.), greenish-yellow needles, 
m. p. 170—171° (Found: C, 69-2; H, 4-0. C,,;H,,0,Cl requires C, 69-6; 
H, 43%). 5-Bromosalicylideneacetophenone (from KOH, 10 g., and H,0O, 
10 c.c.; bromosalicylaldehyde, 13 g., acetophenone, 5-3 g., and EtOH, 30 
c.c.), yellow-green plates, m. p. 162—163°, from AcOH (Found: OC, 59-2; 
H, 3°6. C,,H,,0,Br requires C, 59-4; H,3-6%). 3: 5-Dichlorosalicylideneaceto- 
phenone (from KOH, 90 g., and H,O, 90 c.c.; dichlorosalicylaldehyde, 112-5 g., 
acetophenone, 60 g., and EtOH, 1000 c.c.), large yellow needles (150 g.), m. p. 
183—184°, from AcOH (21.) (Found: C, 61-4; H, 3-5. C,;H,,0,Cl, requires 
C, 61-4; H, 3-4%). 3: 5-Dibromosalicylideneacetophenone (from KOH, 30 
g-, and H,O, 25 c.c.; dibromosalicylaldehyde, 55 g., acetophenone, 16 g., 
and EtOH, 150 c.c.: vigorous reaction), yellow needles, m. p. 168°, from 
AcOH (Found: C, 47-1; H, 27. C,;H,0,Br, requires C, 47-1; H, 26%). 

Cyclisation of the Halogenohydroxychalkones.—In all cases the quality of 
the product was much better when small quantities were used. For instance, 
a solution of 5-chlorosalicylideneacetophenone (0°1 g.) in AcOH (10 c.c.) was 
boiled, after addition of 3 drops of conc. HCl, until it was orange-yellow : 
the process was repeated until further addition of HCl produced neither red 
colour nor turbidity. HClO, aq. (15 c.c.; d 1-12) was then added and after 
1 hr. the 6-chloro-2-phenylbenzopyryiium perchlorate was collected and air- 
dried; yellow powder (0-25 g.), m. p. 240°, unchanged after crystn. from 
AcOH-HCIO, aq. (Found: C, 52-5; H, 3-0. ©,;H,,0,Cl, requires C, 52-8; 
H, 2-9%). 

6-Bromo-2-phenylbenzopyrylium perchlorate, similarly prepared, formed yellow 
granular crystals, m. p. 248—250° (Found : C, 44-8; H, 2-9. C,,H,,0,CIBr,H,O 
requires C, 44-6; H, 2-9%). 6:8-Dibromo-2-phenylbenzopyrylium perchlorate 
formed yellow-green plates, m. p. 257—259°. 

6 : 8-Dichloro-2-phenylbenzopyrylium perchlorate (from dichlorosalicylidene- 
acetophenone, 5 g., AcOH, 200 c.c., and conc. HCl, 75 c.c.; 5 mins.’ boiling; 
HCIO, aq., 200 c.c., d 1-12, then added) formed yellow-brown leaflets (5 g.), 
m. p. 249—2650°. 

Nitration of the Foregoing Halogenophenylbenzopyrylium Salts.—A solution 
of the substance (x g.) in fuming HNO, (20z c.c.) was kept at room temp. 
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for a definite time, H,O (equal vol.) was then added below 0°, followed by 
HClO, aq. (d 1:12; four times the vol. of the HNO, used). Crystallisation 
was generally complete after 12 hrs. and the perchlorate was then washed 
with HClO, aq. and air-dried. The m. p. of the product increased and then 
decreased with increasing time of nitration; only the max. values are re- 
corded. 

4’-Chloro-2-phenylbenzopyrylium perchlorate gave a yellow-orange micro- 
crystalline powder, m. p. 225—226° (9 hrs.) (Found: C, 45-8; H, 2-6. 
C,;H,O,NCl, requires C, 46-6; H, 2:3%), the 4’-bromo-analogue a yellow 
powder, m. p. 239—240° (9 hrs.) (Found: C, 42-1; H, 2-2. C,,;H,O,NCIBr 
requires C, 41-8; H, 2-1%), the 6-chloro-compound yellow-brown needles, 
m. p. 219—222° (14 hrs.) (Found: C, 46-3; H, 23. O©,,;H,O,NCI, requires 
C, 46-6; H, 2-3%), the 6-bromo-compound a yellow powder, m. p. 210—214° 
(15 hrs.), and the 6 : 8-dichloro-compound a product, m. p. ca. 96° (19 hrs.), 
which was possibly a hydrate. 

Syntheses of the m-Nitro-2-phenylbenzopyrylium Salts corresponding to the 
above Perchlorates.—A solution of the appropriate m-nitroacetophenone and 
salicylaldehyde in formic acid (99%) was saturated with dry HCl at room 
temp., and after 12 hrs. HCl aq. was added until no further ppt. was formed. 
To the filtrate was added excess of HCIO, aq. The m-nitro-pyrylium salt 
which then crystallised was washed with dil. HCIO, and air-dried. In some 
cases the products appeared to be hydrated, but the H,O could not be 
removed without decomp. occurring. 

4’-Chloro-3’-nitro-2-phenylbenzopyrylium perchlorate (from 4-chloro-3-nitro- 
acetophenone, 0-79 g., and salicylaldehyde, 0-61 g., in 20 c.c. of formic acid; 
yield, 0-73 g.) had m. p. 180—190° (varying with rate of heating) (Found : 
C, 38-3; H, 3-4. C,,H,O,NCI,,4-5H,O requires C, 38-5; H, 38%). The 
m. p. ca. 185° is apparently that of a mixture of anhyd. salt and water. 
Addition of ca. 50% of the 9 hr. nitration product (m. p. 225—226°) raised 
the m. p. to 219—221°. 

4’-Bromo-3’-nitro-2-phenylbenzopyrylium perchlorate (from 4-bromo-3-nitro- 
acetophenone, 1-23 g., and salicylaldehyde, 0-61 g., in 26 c.c. of formic acid; 
yield, 1-42 g.) had m. p. 180—190° (varying with rate of heating) (Found : 
C, 34-9; H, 3:3. C,,H,O,NCIBr,4-5H,O requires C, 35-2; H, 3°5%). Mixed 
m, p. with approx. half the wt. of the 9 hr. nitration product, 232—233°, 

6-Chloro-2-m-nitrophenylbenzopyrylium perchlorate (from m-nitroaceto- 
phenone, 1-65 g., and 5-chlorosalicylaldehyde, 1-57 g., in 40 c.c. of formic 
acid; yield, 1-56 g.) had m. p. 233-5° (Found : C, 46-3; H, 2-7. C,,H,O,NCI, 
requires C, 46-6; H, 2:3%). Mixed with the 14 hr. nitration product, it 
melted at 223—224°. 

6-Bromo-2-m-nitrophenylbenzopyrylium perchlorate (from m-nitroaceto- 
phenone, 1-65 g., and 5-bromosalicylaldehyde, 2-01 g., in 45 c.c. of formic 
acid; yield, 0-5 g.) had m. p. 228° (Found: C, 41-4; H, 2-4. C,,H,O,NCIBr 
requires C, 41-8; H, 2-1%), lowered to 216—218° in admixture with the 
15 hr. nitration product. 

The 3: 5-dihalogenosalicylaldehydes and m-nitroacetophenone gave low- 
melting solids. 

Nitration of p-Halogenoacetophenones.—p-Chloroacetophenone (2°4 g.) was 
dropped slowly into HNO, (d 1-5; 24 c.c.) below 0° and after 5 mins, the 
mixture was poured on ice, Crystallisation from EtOH gave 4-chloro-3- 
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nitroacetophenone (2-8 g.),m. p. 99—101° (Found: C, 48-2; H, 2-9. C,H,O,NCl 
requires C, 48-1; H, 30%). 4-Bromo-3-nitroacetophenone had m. p. 117— 
118° (Found : C, 39-7; H, 2-4. C,H,O,NBr requires C, 39-3; H, 2-5%). 
Synthesis of 6-Chloro-4’-nitro-2-phenylbenzopyrylium Perchlorate.—p-Nitro- 
acetophenone (0-74 g.) and 5-chlorosalicylaldehyde (0-77 g.) in formic acid 
(30 c.c.) gave by the above-described method 1 g. of the perchlorate as orange- 
brown crystals, m. p. 252—253° (Found: C, 46-5; H, 2-5. C,,H,O,NCI, 
requires C, 46-6; H, 2-3%). Mixed with synthetic 6-chloro-3’-nitro-2- 
phenylbenzopyrylium perchlorate (10 parts), it melted from 222° upwards, 
but the 14 hr. nitration product (10 parts) lowered its m. p. to 210—212°. 
Ferrichlorides.—The compounds tabulated below were prepared in the 
same way as the corresponding perchlorates, satd. FeCl, aq.—conc. HCl being 
substituted for HClO, aq., and were recrystallised from AcOH-FeCl, aq. 


Ferrichloride. Crystals. M, p. 0,% H,%.- Cale. 
4’-Chloro-2-phenylbenzopyrylium Yellow 179—181° 40-9 2-5 41-0 2-3 
4’-Bromo- - Orange-yellow 173—176 37-7 2-4 37-2 2-1 
6-Chloro- - Yellow 160—161 40-9 2-4 41-0 2°3 
6-Bromo- pa Orange-yellow 158—159 37-1 2-2 37-2 2-1 
6 ; 8-Dichloro- on Yellow-green 187—188 38-1 2-0 38-0 1-9 
6 : 8-Dibromo- wo Green 185 32-0 16 32-0 1-6 


3:4’: 5-Trichlorosalicylideneacetophenone.—Prepared in the same way as 
the other chalkones (KOH, 4-5 g., in warm H,O, 4 c.c.; 3 : 5-dichlorosalicyl- 
aldehyde, 8 g., 4-chloroacetophenone, 4 g., EtOH, 13 c.c.), this crystallised 
from much AcOH in plates, m. p. 211—212° (Found: C, 55-2; H, 2-8; Cl, 
32-5. C,,;H,O,Cl, requires C, 55-7; H, 2-8; Cl, 33-0%). 

All the compounds described, except 4-chloro- and -bromo-3-nitroaceto- 
phenone, decompose at the m. p. All analyses are microanalyses by Dr.- 
Ing. A. Scheeller 

Correction.—In J., 1929, 2773 the text under ‘“‘ Nitrations of the Perchlorate’”’ 
is misleading. Nitrations by ordinary HNO, (d 1-4) or by H,SO,-HNO, at 
0° or 15° for times varying from 5 mins. to 24 hrs. were unsatisfactory. With 
fuming HNO, at 15°, the yields of 3’-nitro-derivative obtained after 40, 48, 
and 89 hrs. were 86, 70, and 68%, respectively. 


One of the authors (R. J. W. Le F.) thanks the Chemical Society for a grant. 


Untversity CoLLeGce, LonDON. (Received, June 14th, 1932.] 





276. Separation of Normal Long-chain Hydrocarbons 
by Fractional Distillation in High Vacuum. 


By Hexen Stmpson Gitcmrist and Berta KaRLixk. 


Unit recently all investigations of this subject have been carried 
out with natural waxes, Kraft (Ber., 1908, 40, 4779) using lignite, 
and Francis (J., 1922, 121, 1529) Scotch paraffin wax. The problem 
of separation by distillation, in these cases, is complicated by the 
fact that the constitution of the original substance is entirely 
unknown. Carothers and his co-workers (J. Amer. Chem. Soc., 
1930, 52, 5279) have, however, prepared from decamethylene 
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bromide a mixture of hydrocarbons containing multiples of ten 
carbon atoms and separated these in a Washburn molecular still 
(Bur. Stand. J. Res., 1929, 2, 476). In this case, although the con- 
stituents can be predicted, the proportions in which they occur are 
indefinite. 

In order to determine the optimum conditions of fractionation, it 
was decided to examine definite mixtures of pure synthetic long- 
chain hydrocarbons. Miiller (Proc. Roy. Soc., A, 1928, 120, 439) 
has described an apparatus designed in this laboratory for the 
distillation and fractionation of very small quantities of such material 
in a vacuum. At his suggestion, an extension of this work was 
undertaken. 

Kraft and Francis (locc. cit.) effected identification by the usual 
analytical methods (molecular weight, refractive index, etc.). Later, 
however, Piper, Brown, and Dyment (J., 1925, 127, 2194) examined 
seven of Francis’s distillation products by the X-ray method which 
he had employed in the investigation of the sodium salts of the fatty 
acids (Proc. Physical Soc., 1923, 35, 267) and which Miller (J., 
1923, 123, 2043) used for the investigation of the fatty acids them- 
selves. As the X-ray method has obvious advantages, it was adopted 
in the examination of the various fractions obtained. 


EXPERIMENTAL. 


The distillation apparatus used is shown diagrammatically in the figure. 
The substance to be distilled is placed in a platinum crucible A, blackened 
on the outer surface, which fits into a copper block B. This is indirectly 
heated by a platinum spiral C. D is a hollow copper tube which, during the 
experiment, is filled with a cooling mixture of solid CO, and methylated spirits. 
On the end of this tube, in thermal contact, is a thin glass cover-slip ZH. This 
receives the distillate which is later identified by the X-ray photographic 
method of analysis. F is a mercury-vapour trap. The electrode G is con- 
nected to a small induction coil and this allows a rough estimation of the 
vacuum to be made at the spark-gap H. 

The temp. produced in the crucible by the various currents has not yet 
been completely determined. To obtain a rough estimate, however, various 
pure synthetic hydrocarbons were melted in the crucible under the conditions 
of distillation, at a current of 1 amp. These experiments indicated that, 
with this current, the max. temp.—about 70°—was reached in approx. } hr. 

The current necessary for heating the spiral depends upon the dimensions 
of the apparatus and the type of fractionation desired. 

The rate of heating is very important and it was found that, where no 
separation was at first obtained, if the heating current was reduced and the 
time of distillation greatly increased, a perfect separation resulted (see below). 

The substances to be examined were weighed into the platinum crucible 
and mixed by melting and stirring. After the apparatus had been evacuated 
to @ pressure of approx. 10-* mm., the sample was heated by means of a 
definite current and various fractions of distillate were collected. It is obvious 
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that the removal of each fraction necessitated restoration to atmospheric 
pressure and consequent cooling of the copper block. 

The substances employed in the experiments described were eicosane 
(C,)H,,) and triacontane (C,,H,,). ‘The former was prepared by reduction of 
the corresponding ketone (Miller, Proc. Roy. Soc., A, 1928, 120, 437), and the 





latter by electrolysis of palmitic acid (Miller and Saville, J., 1925, 127, 599). | 
These were mixed in various proportions, ranging from 50% C.~H4, + 50% | 


CapH 62 to 13% CopHa: “fe 98-7% CyoHe:- 
In the X-ray analysis of the distillates obtained, at least one fraction was 


















































found in each case which showed only lines identical within experimental 
error (approx. 2%) with those corresponding to C,.H,,. The middle fractions 
in some cases showed both sets of lines, the later fractions only those corre- 


sponding to CyoH o2- 





Preliminary experiments with the larger percentages (50, 30, 15, and 10%) 
of C,,H,, were successful and showed clearly that the separation of mixtures 
containing lower proportions of the same hydrocarbon might be attemp 
under suitable conditions of rate of heating. The results obteined in the 
latter case, along with the optimum conditions, are given in Table I. 
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TABLE I, 
Time of 
heating, Current, X-Ray photograph 
Series. hrs. amp. Fraction. a 
2 0°75 ] 
{5% He = 2 ots Gul 
“195% CaoHes \3 0-75 3 Cao 
1 0-75 1 
I {37 CroH as {3" 0-85 2 CusHes 
“97% CsoHes \y 0-9 3 CooHes 
III. \o888, C..H4. f 3 0-75 1] C. 20 Has and ‘CsoHes 
98- 59 CypH 65 \3 0:75 2 CreHy, an and CaoH es 
1v.{337 gc pie flj 0-70 1 207442 
98- 7%, CroHes \2 0-70 2 CoH eo 
13 (34 0-65 1 soElas 
V.{poptet A 0-7 2 CooHes 
98°7'% Cotes =| 4 0-85 3 Crate, 
1 0-75 1 saElse 
3%, ( 
VI.{ 3/8 1 0-75 2 CooHes 
(oii, tit, lif 0-75 3 CoeHes 


A further experiment was carried out with a mixture containing 3% tetra- 


| cosane (C,,H,,), obtained by the reduction of the corresponding ketone, and 


97% triacontane (C,,H,,). Here again a satisfactory separation was effected. 
The X-ray photographs were taken with the actual layer as deposited on 
the cover-glass during distillation. In no case did the wt. of the layer exceed 
1 mg., and this was spread over a surface of approx. $” square. At the lower 
percentages, considerably thinner layers were used, as the amount of C,,H,; 
had to be extremely small, the total capacity of the cup being about 75 mg. 
As the percentage of the lower hydrocarbon decreases, it appears necessary 
to use a smaller current in order to effect a separation. Thus in Series I, 0-75 
emp. gives two fractions C,.H,,, whereas in Series II only one fraction is 
obtained. In Series III at the same temp., no clear separation takes place, 
while lowering of the current in Series [V and V gives the desired results. 

To obtain an estimate of the sensitivity given by the X-ray analytical 
methods adopted, the two hydrocarbons C,,H,, and C,,H,, were mixed in 
various proportions in solution, and the solution was evaporated on a cover- 
glass. The hydrocarbon film, without being subjected to any distillation 
process, was then photographed in the usual manner. A mixture of 5% 
CypH,, and 95% C,,H,, or vice versa still showed both sets of lines. From this, 
one may conclude that distilled samples (even when as little as 1:3% is 
originally present in the mixture) which give only one set of lines are pure, 
at least to the extent indicated in the above experiment. 


The authors are indebted to Sir William Bragg and the Managers 
of the Royal Institution for the facilities provided for this work, 
to Dr. Miiller for his invaluable help, and to the British Federation 
of University Women for a grant to one of them (B. K.). 


Davy Farapay LABORATORY, 
Roya Lystrrvtion, Lonpon. [Received, February 17th, 1932.] 
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277. Studies in the Mechanism of Flame Movement. 
Part I. The Uniform Movement of Flame in 
Mixtures of Methane and Air, in Relation to Tube 
Diameter. 

By H. F. Cowarp and F. J. Harrwetw. 


NEARLY 50 years ago Mallard and Le Chatelier (Ann. Mines, 1883, 
viii, 4, 274) discovered that, when certain explosive mixtures of 
gases were fired at the open end of a horizontal tube, the other end 
being closed, the flame travelled for some distance at a uniform speed. 
Mason and Wheeler (J., 1917, 111, 1044) showed that the speed of 
“uniform movement” of flame in mixtures of methane and air 
increased progressively with increase in diameter of the containing 
tube, and Chapman and Wheeler (J., 1927, 38) suggested that the 
relation could be expressed, for the available measurements for a 
10% methane-air mixture, by the equation V = cD*, in which V 
is the speed of uniform movement of flame, D the diameter of the 
tube, and c and k are constants. Further investigation shows that 
the relation between tube diameter and speed of uniform movement 
of flame in mixtures of methane and air is not given exactly by this 
equation, but is more complex. A photographic analysis of the 
uniform movement has provided an explanation of the relationship. 

Fig. 1 shows the speed of uniform movement of flame in mixtures 
of methane and air contained in horizontal tubes the diameters of 
which are indicated by figures placed above the corresponding 
curves. Five curves (2:5, 5, 9, 30-5, and 96-5 cm.), due to Md$on 
and Wheeler, express the results of measurements of the time 
intervals between the fusion of thin screen-wires placed in succession 
in the path of the flame. 

The higher of the two curves for the 5-cm. tube represents a 
redetermination by Mason (J., 1923, 123, 210), who photographed 
the flame by means of a revolving-drum camera. An independent 
determination of the curve for the 30-5-cm. tube was made by 
Coward and Greenwald (U.S.A. Bureau of Mines, Tech. Paper 427, 
1928), by the screen-wire method. Their curve is that which 
indicates slightly higher speeds in the most explosive mixtures. 

A study of the data of the seven curves suggested that, in order to 
elucidate the relation between tube diameter and flame speed, 
experiments with a tube of diameter between 9 and 30-5 cm. were 
necessary. The flame speeds were therefore determined in a tube 
of 20 cm. diameter, and, as a check on the older figures for a 9-cm. 
tube, a similar series of experiments was conducted in one of 10 cm. 
diameter, the nearest available size. 
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EXPERIMENTAL. 


A metal tube of 20 cm. diameter was built in ten sections, each 1 m. long. 
One section was fitted with five quartz windows in line, each 18 cm. long and 





"ube 


| 0-5 cm. 


wide, so that the passage of flame along that section could be “ seen’’ 
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by a camera through a slit which was continuous, except for the window 
frames, along the whole length of the section. 
The tube of 10 cm. diameter was built of five sections, each 1 m. long. One 








-cm. 
)cm. 


section was fitted with quartz windows of the same size as those of the 20-cm. 


tube. 


In each tube, the section provided with windows was fitted in succession at 
different positions in the tube, with the windows level with the axis of the tube 
3T 
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and opposite the quartz lens of a motor-driven drum camera. The speed of 
the camera drum during the explosion was recorded by photographing break 
sparks produced with the aid of an electrically-maintained tuning fork of 
known frequency. 

The CH, used was of 96—98% purity, the remainder being N, and air. 

The gas mixtures to be exploded were made in the tube, after the products 
of a previous experiment had been displaced with air, by admitting a measured 
volume of CH, and circulating the contents of the tube, through a by-pass, 
until the mixture was proved to be homogeneous by analysis of samples. The 
firing end of the tube was closed by a piece of oiled paper until the moment 
before ignition, the paper then being quickly and smoothly drawn up from the 
orifice. For most experiments, the gas was ignited by a small electric spark 
between electrodes fixed centrally 5 cm. within the tube, but in some pre- 
liminary experiments the position and nature of the means of ignition were 
varied. As in similar trials by Mason and Wheeler with narrower tubes, such 
changes were found to have no effect on the speed of uniform movement of 
flame, provided that they did not induce resonance in the column of gas and 
that the flame was allowed to travel a distance of 30 or 40 cm. before its speed 
was measured. According to Mason and Wheeler (loc. cit.) this is an essential 
precaution. 

In order to obtain further information about the behaviour of flame during 
uniform movement, “‘ snap-shot ’’ photographs of explosions in glass tubes 
were taken on stationary plates. 

The explosions of three mixtures in the 20-cm. tube were studied in detail by 
means of photographs taken on the revolving-drum camera. These mixtures 
contained (1) 10% of CH,, which is the most explosive of the series, (2) 7%, 
which contains excess of air, and (3) 12%, which contains excess of CH,. From 
about 0-5 m. beyond the point of ignition the speed of flame in successive 
portions of 0-25 m. was constant, within 5% of the mean, over a distance of 
about 2 m. in the 10% mixture and 3 m. in each of the others. Thereafter it 
was succeeded by a vibratory movement of the flame front. 

When the length of the tube was halved, the uniform movement was set up, 
in a 10% CH,-air mixture, at the same distance from the point of ignition, but 
was succeeded by the vibratory movement at a point only 60 cm. further. 
When the length of the tube was reduced to 2 m., the uniform movement was 
eliminated. That the tube should have a reasonably high ratio of length to 
diameter has long been recognised in work with narrow tubes. 

In the tube of 5 m. length and 10 cm. diameter, the uniform movement was 
set up, in a 10% mixture, at 30 cm. from the point of ignition, and persisted 
over the next 75 cm. 

Representative positions chosen for photographing the uniform movement 
in the whole range of inflammable mixtures of CH, and air were the second 
metre of the 20 cm.-tube and the last quarter of the first metre of the 10-cm. 
tube. The results are given in Table I and in Fig. 1. (S.U.M. represents 
speed of uniform movement in cm./sec.) 


The Relation between Tube Diameter and the Speed of the Uniform 
Movement. 


From the experimental observations recorded in Fig. 1, the curves of Figs. 2 
and 3 are drawn. They show, for each unit % of CH,, the relation between 
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TABLE I. 


Tube diameter, 20 cm. Tube diameter, 10 cm. 
CH,, %. S.U.M. CH,, %. 8S.U.M. CH,, %. 8.U.M. CH,,%. 8.U.M. 
6-04 64 10-10 127 5°87 43 10-01 106 
6-13 63 10-38 130 6-80 56 10°17 105 
7°22 81 11-02 111 7-25 62 10-21 109 

80 11-87 93 7-26 64 10-27 105 
102 11-90 88 7-64 72 10-41 102 
103 12-04 81 8:14 82 10-64 98 
128 12-05 84 8-21 84 11-30 84 
127 12-14 84 8-63 92 11-94 68 
130 12-20 79 8-67 96 12-22 61 
126 12-92 64 9-08 100 12-85 48 
131 13-11 64 9-15 105 13-56 43 

128 9-63 110 
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tube diameter and speed of uniform movement. That the inflexions in the 
curves in the region of tube diameter between 10 and 20 cm, are real and not 
due to experimental error seems to be established by several considerations. 
(1) If any one, or indeed any two, series of observations are removed from the 
figures, it is not, as a rule, possible to draw curves without inflexions. (2) The 
differences of the two series for a 30:5-cm. tube, used by independent observers 
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employing almost the same methods, are relatively small. (3) The difference 
for a 5-cm. tube, when the photographic and the screen-wire method ¢ 
registering flame speeds were used, are relatively small. (4) The resul 
obtained by the screen-wire method with a 9-cm. tube are in accord with the 
obtained by the photographic method with a 10-cm. tube. 

A possible extrapolation of the lower part of each of the curves in Figs. 











PLATE I. 


Moving-film Photographs of Explosions of 10% Methane-Air Miztures, in 
Tubes of Different Diameters. 


Fic. 4.—Diameter of tube, 2°5cm. Fic. 5.—Diameter of tube, 20 cm. 














[To face p. 2000.) 





Prate II. 
Snap-shot Photographs of Explosions of 10% Methane-Air Mixtures. 


Fic. 6.—Horizontal propagation of flame in a tube, 24 cm. in diameter. 





Fic. 7.—Horizontal propagation in a tube, 5 cm. in diameter. 


Fic. 8.—Downward propagation in Fic. 9.—Downward propagation in 
a tube, 24 cm. in diameter. a tube, 24 cm. in diameter. 





Fic. 10.—Horizontal propagation in a tube, 10 em. in diameter. 
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and 3 is indicated by broken lines. These suggest that the speed of uniform 
movement of flame in any one mixture would be the same in all tubes wider 
than 20 cm. in the absence of some factor which becomes increasingly prominent 
in tubes of more than 15-cm. diameter. The nature of this factor was first 
indicated by an obvious contrast between the photographs of the uniform 
movement in narrow and in wide tubes. Figs. 4 and 5, representing explosions 
of 10% CH,-air mixtures, illustrate this. The former is a record of uniform 
movement over a 26-cm. length of a 2-5-cm. tube; it shows a straight-line 
front. The latter is a record over an equal length of the 20-cm. tube; it shows 
that, although the speed was grossly constant, small irregularities occurred 
in the flame front, and that in the horizontal section of the flame there was at 
every instant a complex geometrical pattern of luminous matter. 

The mechanism of the flame movement became clearer when visual observ- 
ation was made of explosions in wide glass tubes. Permanent records of the 
form of such flames were made with the aid of Ellis and Robinson’s snap-shot 
camera (J., 1925,127, 760). Fig. 6is a print from a plate exposed momentarily 
after successive equal intervals of time, showing the form of flame travelling 
through a 10% CH,-air mixture contained in a glass tube 24 cm. in diameter 
and 2-13 m. long. The figure shows that, soon after ignition of the mixture, 
the flame had spread across the tube and had a smooth almost hemispherical 
front (Position 1). A moment later the flame-front was what may be 
described, for want of a better term, as nodular (Position 2). The third snap- 
shot resembles the second, except that the flame is more tilted as a whole. 
The fourth shows only the lower part of the flame, the upper having passed 
beyond the field of view of the camera. 

Fig. 6 shows that the movement of flame in the experiment which it illus- 
trates is not due only to inflammation of successive layers of mixture, but is 
affected in two ways by convection; the flame is distorted and tilted forward, 
the upper part advancing faster than it would otherwise. Each involves an 
enlargement of the flame surface which presumably increases the amount of 
gas burnt in unit time, and in consequence the speed of flame increases corre- 
spondingly. It may be recalled that Gouy (Ann. Chim. Phys., 1879, 18, 5) 
postulated that the amount of gas burnt by the flame of a homogeneous gas 
mixture is proportional to the surface area of the flame, and that Ellis (Fuel, 
1928, 7, 195, etc.) consistently used this postulate. 

The snap-shot photographs of explosions of the same mixture in a tube of 
5-cm. diameter are strikingly different from those of the explosion in the wider 
tube. Fig. 7 is typical. The flame front is tilted, as before, but its shape is 
comparatively simple. In none of the many photographs taken did the 
“ nodular ”’ flame appear, and when occasionally the flame had two heads the 
next snap-shot showed the simple front. 

The rapid increase in the speed of uniform movement with increase in tube 
diameter above 20 cm. is therefore to be explained by the disproportionately 
large increase in flame surface corresponding with the appearance of the 
nodular flame. 

The increase in speed of uniform movement with increase in tube diameter 
between 2-5 and about 15 cm. (the lower parts of the curves in Figs. 2 and 3) is 
not accompanied by any such definite change in the shape of the flame front, 
and an explanation of the effect is less obvious. It does not seem to us reason- 
able to assume that the temperature of the flame front is affected by the walls, 
except in their immediate vicinity; nor does the cooling of the gaseous 
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products, which is more rapid in the narrower tubes, cause an appreciable 
movement of the unburnt gases towards the flame and thus retard it, for we 
have found that the changes of pressure in the unburnt gases during this phase 
of CH,-air explosions are too small. It was clear from other photographs, 
however, that the flame front in the 2-5-cm. tube is steeper than that in the 
5-0-cm. tube during the uniform movement, and that the flame front in the 
5-em. tube is steeper than that in the 10-cm. tube. Straight lines drawn, on 
the originals of the three photographs, from the points where each flame met 
the top of the tube to the corresponding point at the bottom were inclined to 
the axes at angles of 39°, 264°, and 234°, respectively. The smaller the angle, 
the greater the surface represented per unit cross section (at right angles to 
the axis), and therefore the larger also the volume of gas burnt in unit time per 
unit cross-sectional area and the greater in consequence the speed of flame. 
We propose to discuss the quantitative aspect of this in a subsequent 
communication. 


An Attempt to Eliminate Convection Effects in the Propagation of 
Flame. 


If it were possible to eliminate convection effects from the uniform movement 
of flame, the absolute speed of propagation through successive layers of the 
mixture could be measured. It seemed that in the downward propagation of 
flame in a vertical tube, the hot products being above the unburnt gas, con- 
vection should be eliminated and the flame front would be horizontal except, 
perhaps, close to the walls of the tube. In such circumstances each element 
of the flame would travel with the same speed, and the speed of uniform 
movement would be independent of the diameter of tube, provided that it 
were not too narrow. It had already been shown, however, by Mason and 
Wheeler (J., 1920, 117, 1227) that the speed of downward propagation of 
flame in a tube 23 cm. wide is considerably greater than in a tube 5-cm. wide 
for all CH,-air mixtures, except those near the limits of inflammability. The 
fact that flame travels downward in the limit mixtures with equal speeds in 
these two tubes suggests that the cooling effect of the walls is negligible for 
these mixtures and, ipso facto, for faster-burning mixtures. Hence there was 
no obvious explanation of the difference in flame speeds of the faster-burning 
mixtures. 

Visual observation and photographs (e.g., Fig. 8) showed that the downward- 
travelling flame fronts of a 10% CH,—air mixture in a tube 24 cm. wide were 
tilted and nodular as in experiments with the tube horizontal. It seemed that 
the disturbance of the flame front might have its origin in an irregular outflow 
of hot gases from the open end of the tube. Attempts were made, therefore, 
to regulate the escape of the hot gases by covering the open end of the tube 
with wire gauze, and with wire gauze supporting a pad of glass wool, but in no 
experiment did this make any essential difference to the flame. Fig. 9 is 
typical of the results; the flame is more symmetrical than that of Fig. 8, but 
is otherwise unaltered. It appears that the source of the disturbance pro- 
ducing the nodular flame in wide tubes is in the vicinity of the flame itself, 
and is a convection effect. It nevertheless remains possible that the flame 
would travel downward with a horizontal front if the gas mixture were ignited 
simultaneously over the whole area of the mouth of the tube; but while this 
may be accomplished approximately by drawing a small flame rapidly across 
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the mouth of a narrow hcrizontal tube, it is impossible to do the same with 
a wide vertical tube without inducing strong convection currents during the 
operation. 

The downward-moving flames of a 6% CH,-air mixture, which is near the 
lower limit of inflammability, developed horizontal fronts shortly after 
ignition in 5- and in 24-cm. tubes, and remained so fora period. Their speeds 
during this phase were equal, 10 cm./sec. It is reasonable to conclude that the 
movement was uncomplicated by convection and that its speed is the absolute 
speed of flame propagation, layer by layer, for that mixture. The difference 
between this and the speed of uniform movement for the same mixture in a 
horizontal tube, or in upward propagation, is a measure of the convection 
effect. Reference to the curve marked ‘‘ 6% ”’ in Fig. 2 shows the predomin- 
ance of the convection effect in determination of the speed of uniform move- 


ment in horizontal tubes. 
The 12-7% CH,-air mixture, which is near the higher limit of inflamma- 


bility, appears to have the same absolute speed of flame propagation, layer 
by layer, as the 6% mixture. 


A Note on the Initiation of Uniform Movement of Flame. 


In an earlier paragraph it was stated that in the 20-cm. tube the 
uniform movement began after the flame had travelled some 0-5 m. 
from the point of ignition. In the interval, the speed of flame was 
somewhat less than that of the uniform movement. The explanation 
is obvious from a consideration of Fig. 10, a series of snap-shot 
photographs, at equal intervals of time, of the early stages of an 
explosion. These were taken in a horizontal glass tube, 10 em. in 
diameter. In the first four photographs, starting from the point of 
ignition on the left, the flame is but little tilted and is clearly 
moving more slowly than in the succeeding photographs where it is 
more tilted, and, incidentally, is moving with uniform speed. 

The uniform movement began about 30 cm. from the point of 
ignition in the 10-cm. tube, 15 cm. in the 5-cm. tube, and 10 cm. in 


the 2-5-cm. tube. 


The Term “ Uniform Movement of Flame.” 


When Mallard and Le Chatelier measured the speed of “ uniform 
movement ” of flame, they believed that they were recording the 
normal speed of propagation of flame by conduction of heat. Mason 
and Wheeler (J., 1917, 111, 1044) cast doubt on this, suggesting that 
the uniform movement should be regarded “ simply as a particular 
phase in the propagation of flame that results when ignition is 
effected (in a quiescent mixture) at the open end of a straight, 
horizontal tube of any diameter closed at the other end; and not 
as resulting from a particular mode of heat transference.” Later 
(J., 1920, 117, 1227), they stated that “ the latter is the preferable, 
if not the only correct, way of regarding the uniform movement.”’ 
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This conclusion is now strengthened by the demonstration that, if 
convection is ever absent in explosions of methane—air mixtures, 
initiated at the open end of a tube, it is only so when flame 
travels downwards in mixtures of composition near the limits of 
inflammability. 

Mason and Wheeler showed that “a phase in the propagation of 
flame during which the speed is uniform is obtained when the flame 
travels from the open to the closed end of a tube, whether the 
direction of travel is horizontal, vertically upwards, or vertically 
downwards.” Although they avoided the term “uniform move- 
ment ” in writing of propagation in any direction but horizontal, we 
suggest, with the approval of Professor Wheeler, that there is no 
cogent reason to perpetuate that limitation, which doubtless has its 
origin in the accident that long tubes are more conveniently sup- 
ported horizontally than vertically. 

Furthermore, since Payman and Wheeler (J., 1923, 123, 1251), 
Georgeson and Hartwell (J., 1927, 265), and Bone, Frazer, and 
Winter (Proc. Roy. Soc., 1927, A, 114, 402) have discovered several 
examples of non-uniform propagation of flame during the regime 
before the “ vibratory movement,” the definition should be qualified 
to allow for exceptions. We suggest, therefore, that the “ uniform 
movement ’’ may be described as “an early phase of sensibly 
uniform speed usually observed in the propagation of flame (through 
® quiescent gaseous mixture) from the open end of a straight tube 
towards the closed end.” 





The authors thank the Safety in Mines Research Board for 
permission to publish this communication. 
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278. The Reduction of Silver Ions by Ferrous Ions. 
By D. Roserts and F. G. Sopzr. 


Tum reduction of silver salts to metal by ferrous salts in solution, 
Fe" + Ag’ —-> Fe’ + Ag, has been studied by Dhar (Proc. 
K. Akad. Wetensch. Amsterdam, 1920, 23, 299), who, using silver 
nitrate and ferrous ammonium sulphate, found that the reaction 
was fast at 25°. The reaction was suggested as suitable for de- 
termining the hydrogen-ion concentration of a solution, since acids 
were found to exert a catalytic effect. As will be shown, however, 
other factors have an important influence so that the suggested 
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method is inadmissible. The equilibrium constant of the reaction, 
which is reversible, has been studied by Noyes and Brann (J. Amer. 
Chem. Soc., 1912, 34, 1016), who found fair agreement with the 
requirements of electrode-potential data, if nitric acid were present 
to prevent hydrolysis of the ferric salt. 


EXPERIMENTAL. 


The course of the reaction was followed by estimation of the amount of 
ferrous salt present at various times. 25-C.c. portions of the mixture were 
rapidly filtered through asbestos in a Gooch crucible to remove the Ag particles, 
into excess of NaCl aq., which stops the reaction. If the particles are not 
first removed, they react with the ferric salt present at the end of the titration to 
form Fe” and Ag* ions which vitiate the estimation. The filtrate and washings 
containing the residual ferrous salt in excess NaCl were titrated with standard 
K,Cr,0,, or alternatively, after treatment with MnSO, and H,;PO,, with 
standard KMnQ,. 

Examination of the Reaction between Ferrous Sulphate and Silver Nitrate in 
Aqueous Soluticon.—When aqueous solutions of the reagents were mixed so 
that their concn. was initially M/50, 2 period of induction was observed of 
some 15—20 mins. at 25°. The slow period is followed by one of rapid re- 
action until the system comes to equilibrium. The results of three such 
typical experiments are given below : 


Time [FeSO,] Time [FeSO,] Time [FeSO,] 
(mins.). x 50. (mins.). x 50. (mins.). x 50. 
0-00 1-000 0-00 1-000 0-00 1-000 
2-00 1-000 1-75 1-000 1-67 1-000 
6°45 0-997 6°75 0-995 6°13 0-987 
20-75 0-709 16-50 0-954 16-97 0-939 
32-60 0-591 20-90 0-602 24:97 0-583 
61-00 0-590 45-00 0-575 32-00 0-584 


A possible explanation of the autocatalytic type of curve obtained is that the 
concn. of H’ ion, which catalyses the reaction, increases during the reduction 
owing to the formation of the extensively hydrolysed ferric salt, 

Ezxanvination of the Reaction in Buffered Solutions —NaOAc and HOAc 
were selected for the purpose of buffering the reaction mixture, for, although 
Fe™* ions are removed by the mixture to form ferric acetate, the buffer does 
not affeet the concn. of the reacting ions provided the solubility product of 
AgOAc be not exceeded. Even in such buffered solutions, however, periods 
of induction were still obtained. A typical result at 25-0° is given below. 
(In the presence of the acetate mixture the reaction proceeds to completion, 
because of the removal of Fe**’ ions as un-ionised ferric acetate.) It was thus 


[FeSO,] =[AgNO,] = M/50; [ACOH] =0-096M; [AcONa] =0°1M; pu = 4°76. 


Time (mins.)...... 0-00 1-75 3°17 4-45 6-20 8-67 
[FeSO,] x 50 ... 1-000 0-943 0-848 0-300 0-060 0-000 


apparent that other catalytic influences were operative and, as was shown 
by the incomplete reproducibility of the results, these were not under control. 
Examination of the Effect of Colloidal Silver on the Reaction Speed.—Pre- 
nt, eo on the effect of addition of a yellow Ag sol, prepared 
T . 
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by Kohlschiitter’s method, on the speed of interaction in an unbuffered 
mixture showed that the period of induction was greatly shortened (compare 
the catalytic effect of silver halides on the interaction of AgNO, with halogens 
in org. compounds; Senter, J., 1910, 97, 358). Owing to the coagulating 
effect of electrolytes on the sol, the number of Ag nuclei must decrease rapidly 
after the reaction mixture is made up, so that the effect of the sol in such 
experiments is probably fleeting. In the acetate mixtures, where the re- 
action is much faster, it might happen that the sol would retain its effective- 
ness over the period of reaction. Accordingly, the effect of addition of sol 
on the reaction speed in acetate buffers was examined, the sol being isolated 
from the salt solutions until the moment of mixing. The reaction speed was 
found to increase with the proportion of added sol up to 75% by vol., the 
highest proportion which could be used. The reaction curves for additions 
of 30, 50, and 75% sol are reproducible and are shown in Fig. 1. Details 
of one experiment for each different amount of sol added are given in Table I. 


ROBERTS AND SOPER : 


TABLE I. 


[FeSO,] ='[AgNO,] = M/50; [AcOH] = 0-:096M ; [AcONa] = 0°1M; 
pu = 4°76; T = 25°0°. 


10% Sol. 30% Sol. 50% Sol. 75% Sol. 
Time [FeS0O,] Time [FeSO,] Time [FeSO,] Time [FeSO,] 
(mins.). x 50. (mins.). > 50. (mins.). x 50. (mins.). x 50. 
0-00 1-000 “0-00 1-000 0-00 1-000 0-00 1-000 
1-17 0-861 0-92 0-842 1-50 0-556 0°53 0-764 
2-20 0-589 2-67 0-400 3-00 0-256 1-58 0-220 
3°43 0-326 4°58 0-135 4°50 0-074 2-67 0-073 
4-92 0-164 6-92 0-017 6°17 0-010 3°92 0-010 
10-00 0-000 10-00 0-000 15-00 0-000 5-30 0-000 


The reaction speed thus appears to be governed by factors affecting the 
ease of separation of Ag from solution and may be compared to the reduction 
by H,O, of HAuCl, to colloidal Au (Svedberg, “‘ Formation of Colloids,” 
London, 1931, p. 61). It is suggested that the initial period of induction 
is due to atomic Ag in solution balancing the reaction 


A fast a slow < 
Ag’ + Fe’ —-» Fe” + Ag (solution) —-» Ag (solid) 
until a sufficient number of nuclei are formed to act as centres of deposition. 
The effect of providing Ag nuclei is to facilitate the separation of metal and, if 
present in sufficient amount, to eliminate the induction period. 

The effect of H* ions, which undoubtedly increase the measured rate of 
reaction, may thus be due, not to an acceleration of the reaction between 
reagent ions, but rather to their influence on the speed of separation of atomic 
Ag on the surface of the nuclei. In order to secure further data, the effect 
on the reaction speed of varying the [H*] at constant ionic strength was 
examined in the presence of 75% Ag sol. Results at pa 5-063 and initial 
ionic strength the same as in the experiments summarised in Table I are 
given below. 


[FeSO,] = [AgNO,] = M/50; [AcOH] = 0°048M ; [AcONa] =0°1M; 

T = 25°0°. 
Time (mins.) ...... 0-00 1:42 286 450 782 20-15 50-50 
[FeSO,] x 50 ... 1:000 0-892 0-970 0-715 0-547 0-316 0-147 
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a Comparison with the figures in the last two columns of Table I shows that 
9 the effect of halving the [H’] (i.c., from pa 4:76 to pa 5-063) is to increase the 
sf time of half-decomposition from 1 to 10 mins. The effect of the H’ ion, 
~ even allowing for an effect due to the change in the un-ionised AcOH concn., 
3. must therefore be considerably greater than simply proportional to its concn. 
and, presumably, is an effect on the rate of separation of Ag on the nuclei. 
nd Further, it was found that, at constant [H"], increase in ionic strength causes 
e a marked enhancement of the reaction speed, much greater than that anticipated 
. for a reaction between ions of like sign. Here also the salt effect appears to 
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f be connected with the rate of separation of Ag rather than with the rate of 
n the homogeneous reduction. The results obtained with 50% Ag sol at 25-0° 
‘s and [H’] = 0-865 x 10- are shown below. 
t Ionic strength 0-16. Ionic strength 0-26. 
8 Time (mins.). [FeSO,] x 50. Time (mins.). [FeSO,] x 50. 
y 0-00 1-000 0-00 1-000 
© 1-05 0-930 0-93 0-870 
3°28 0-833 2-92 0-676 
11-00 0-604 6-05 0-196 
40-55 0-330 10-00 0-005 
75-00 0-161 16-00 0-000 


The conclusion drawn is that the homogenous reaction between 
silver and ferrous ions is a rapid one which cannot be measured 
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from a study of the rate of disappearance of ferrous ions. The 
initial induction period in the rate of disappearance of these ions 
and appearance of silver, is due to the time required for the form- 
ation of silver nuclei, and the subsequent speed, which is accelerated 
by salts and by hydrogen ions, is a measure of the rate of condens- 
ation on these nuclei of atomic silver. 


UNIVERSITY COLLEGE or NortH WALES, 
BANGOR. [Received, May 7th, 1932.] 


279. The System Magnesium Oxide—Magnesium 
Chloride—W ater. 
By C. R. Bury and E. R. H. Davrss, 
Section 1. Equilibrium at 25°. 

A KNOWLEDGE of the equilibria and other physicochemical properties 
of the system magnesium oxide-magnesium chloride—-water is 
desirable owing to the extensive use of magnesium oxychloride or 
magnesian cement, prepared by mixing magnesium oxide with a 
concentrated solution of the chloride, together with certain inert 
“ filling ” and colouring materials. 

Three not entirely successful attempts to study the problem on 
phase-rule lines have already been made, by Robinson and 
Waggaman at 25° (J. Physical Chem., 1909, 13, 673) and by Maeda 
and Yamane at 25° (Bull. Inst. Phys. Chem. Res. Tokyo, 1928, 7, 
340) and at 50° (Sct. Papers Inst. Phys. Chem. Res. Tokyo, No. 50, 
1926, 4, 85). We now record a further attempt. 


EXPERIMENTAL. 


The procedure adopted was to mix the three components in suitable 
proportions and then to shake them in a thermostat at 25° until equilibrium 
had been established. The chief difficulties were the slowness with which 
equilibrium was attained, the establishment of metastable equilibria, and the 
bulky nature of the solid phases. 

Systems involving basic salts are always sluggish in attaining equilibrium, 
but with this system the difficulty was much enhanced by the formation 
under certain conditions of either cements or gels. Preliminary experiments 
showed that, subject to certain precautions, equilibrium is established after 
constant shaking for 2 months at 25°. Small lumps of the cement, however, 
can be shaken with MgCl, aq. for many months without coming to equilibrium 
with it, and it is therefore necessary to break up any cement that may form 
before it hardens, and to grind it to a fine powder in an agate mortar before 
continuing the experiment. Gels disappear after long shaking, and this 
process may be hastened by breaking them up and adding more MgCl, aq. 
Metastable equilibria may be avoided by inoculation with a trace of finely 
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powdered magnesian cement, which contains hydroxide and oxychloride: if 
this precaution be not taken, Mg(OH),, the stable solid phase in contact with 
solutions containing less than 10-99% MgCl,, may coexist with solutions con- 
taining 15% or more of the chloride, even after 2 months’ shaking. 

The bulky nature of the solid phases, and particularly of the gel which may 
be formed as an intermediate product, necessitates the use of very small 
amounts of MgO, 0-5g. to 30 c.c. of solution being found the max. possible. 
The use of relatively small amounts of oxide makes it difficult to establish the 
position of the triple point hydroxide-basie chloride-solution, for, unless the 
initial concn. of the solution lies in a very narrow range of concn., the small 
amount of oxide used is either completely converted into the oxychloride, or 
does not form it at all. 

The MgO used contained about 0-3% of CaO: it was prepared by heating 
“‘ magnesium carbonate (light) ’’ to’ 850°: MgO which has been heated to 
higher temperatures, or “‘ burnt,”’ is very slow in attaining equilibrium. 

When equilibrium had been established, the mixtures were filtered through 
a sintered-glass plate (5—10u). This operation lasted about 6 hours and was 
carried out in the thermostat. The solution and moist solid were analysed, 
Mg being determined as Mg,P,0,, and Cl by Volhard’s method. In the 
solution, Cl only was determined, since early experiments showed that Mg and 
Cl were always present in equivalent amount. All analyses quoted are the 
mean of two concordant determinations. 

The results obtained are in Table I, being expressed as g. of MgO or MgCl, 








TABLE I. 
Solution. Moist solid. Solution. Moist solid. 

MgCl.,, MgCl,, MgO, Solid MgCl,, Mg(Cl.,, MgO, Solid 
%,. %,. %. phase.* %. %. %. phase.* 
2-12 1-35 31-63 10-98 16-03 5-32 
2-65 1-72 30-26 14-41 15-56 - 5°77 
6°44 3-79 33°83 16-43 17-50 6°85 
8-61 5°51 25-27 A 17-36 18-06 4:98 
9-45 5-23 33-60 21-12 21-24 6°43 

10°36 6-72 29-79 21-38 21-06 7-29 B 

10-52 5-20 38-09 24-21 23-63 8-75 

10:62 13-54 8-7 26-59 =26°87 = 8-0 

* S Bt 26-86 25°14 7°72 
10-88 8-69 19-70} A&B 31-14 28-80 8-60 
10-90 11-44 19-70 33-69 31-07 7-30 
12-08 6-71 33-67) A 34-77 33°52 2-71 
15-32 10-45 23-26 f t 35-70 36-41 3-79 , 
3672 «4010 «apt B&C 
35°72 — — C 


* A = Mg(OH),; B = 3MgO,MgCl,,11H,O; C = MgCl,,6H,0. 
Tt Denotes metastable equilibrium. 


per 100 g. of solution or moist solid, and are shown in Fig. 1 plotted on the usual 
triangular diagram (many points are omitted for the sake of clearness). 
Solutions, which contain no MgO, are represented by the line AB, the point A 
representing pure H,O and the point B a solution saturated with MgCl,,6H,O. 
Dilute solutions are in equilibrium with Mg(OH),, and more conc. solutions 
with a basic or oxy-chloride represented by the point C. The concn. of MgCl, 
at the triple point hydroxide-oxychloride-solution, represented by the point 
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D, is 10°89%. Robinson and Waggaman’s figure for this concn.—about 16%— 
is undoubtedly erroneous owing to their having overlooked the possibility of 
metastable equilibria. Maeda and Yamane were unable to fix this point. 
The concen. of MgCl, at the triple point oxychloride-hexahydrate—solution is 
35-71%, which is identical with that of a solution saturated with the hexa- 
hydrate alone, for which we obtain a figure agreeing closely with the results of 
Biltz and Marcus (Z. anorg. Chem., 1911, '71, 168). 

The compositions of the solid phases were obtained by extrapolation by 
Janecke’s method (ibid., 1906, 51, 132), which is more convenient than the 
triangular diagram for this purpose. When, however, the solid phases are 
flocculent and the moist solid contains a large amount of solution, as is par- 
ticularly the case with the oxychloride, all graphical methods are somewhat 


inaccurate. The solid phase coexisting with dilute solutions was found to be 
the hydroxide, Mg(OH),, in agreement with the conclusions of Maeda and 
Yamane, but not of Robinson and Waggaman, who state that it is “an 
indefinite solid solution of magnesia-chlorine and water.’’ For the com- 
position of the oxychloride, graphical extrapolation gave the ratios 
MgO : MgCl, = 0-77: 0-23, and MgO: H,O = 0°77 : 1-27, the nearest formule being — 
10Mg0,3MgCl,,35H,O or 3MgO,MgCl,,11H,0. While the more complex 
formula fits the ratios better, the accuracy of the graphical method hardly 
justifies selection of this, and the observations recorded later show that 
oxychloride tends to contain inclusions of the hydroxide. The simpler 
formula is therefore preferred. Maeda and Yamane and Robinson and 
Waggaman give 3MgO,MgCl,,12H,O and 3MgO,MgCl,,10H,O respectively. 
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by Kohlschiitter’s method, on the speed of interaction in an unbuffered 
mixture showed that the period of induction was greatly shortened (compare 
the catalytic effect of silver halides on the interaction of AgNO, with halogens 
in org. compounds; Senter, J., 1910, 97, 358). Owing to the coagulating 
effect of electrolytes on the sol, the number of Ag nuclei must decrease rapidly 
after the reaction mixture is made up, so that the effect of the sol in such 
experiments is probably fleeting. In the acetate mixtures, where the re- 
action is much faster, it might happen that the sol would retain its effective- 
ness over the period of reaction. Accordingly, the effect of addition of sol 
on the reaction speed in acetate buffers was examined, the sol being isolated 
from the salt solutions until the moment of mixing. The reaction speed was 
found to increase with the proportion of added sol up to 75% by vol., the 
highest proportion which could be used. The reaction curves for additions 
of 30, 50, and 75% sol are reproducible and are shown in Fig. 1. Details 
of one experiment for each different amount of sol added are given in Table I. 


Taste TI. 


[FeSO,] ='[AgNO,] = M/50; [AcOH] = 0:096M ; [AcONa] = 0°1M; 
pu = 4°76; T = 25°0°. 


10% Sol. 30% Sol. 50% Sol. 75% Sol. 
Time [FeSO, Time [FeSO,] Time [FeSO,] Time _[FeSO,] 
(mins.). x 50. (mins.). x (mins.). x 50. (mins.). X 50. 


0-00 1-000 0-00 1-000 0-00 1-000 0-00 1-000 
1-17 0-861 0-92 0-842 1- 0-556 0-53 0-764 
2-20 0-589 2-67 0-400 3- 0-256 1-58 0-220 
3-43 0-326 4-58 0-135 4- 0-074 2-67 0-073 
4-92 0-164 6-92 0-017 6- 0-010 3-92 0-010 
10-00 0-000 10-00 0-000 15- 0-000 5-30 0-000 
The reaction speed thus appears to be governed by factors affecting the 
ease of separation of Ag from solution and may be compared to the reduction 
by H,O, of HAuCl, to colloidal Au (Svedberg, “‘ Formation of Colloids,” 
London, 1931, p. 61). It is suggested that the initial period of induction 
is due to atomic Ag in solution balancing the reaction 


S2SSs 


Ag’ + Fe” hed Fe" + Ag (solution) peat Ag (solid) 
until a sufficient number of nuclei are formed to act as centres of deposition. 
The effect of providing Ag nuclei is to facilitate the separation of metal and, if 
present in sufficient amount, to eliminate the induction period. 

The effect of H’ ions, which undoubtedly increase the measured rate of 
reaction, may thus be due, not to an acceleration of the reaction between 
reagent ions, but rather to their influence on the speed of separation of atomic 
Ag on the surface of the nuclei. In order to secure further data, the effect 
on the reaction speed of varying the [H') at constant ionic strength was 
examined in the presence of 75% Ag sol. Results at pa 5-063 and initial 
ionic strength the same as in the experiments summarised in Table I are 
given below. 


[FeSO,] = [AgNO,] = M/50; [AcOH] = 0°048M ; [AcONa] =0-1M; 


T = 25°0°. 
Time (mins.) ...... 0-00 1-42 2-86 4-50 7-82 20-15 50-50 
{[FeSO,] x 50... 1000 0-892 0-970 0-715 0-547 0-316 0-147 





“react haat 7 eeR ao 


n 
” 





THE REDUCTION OF SILVER IONS BY FERROUS IONS. 2007 


Comparison with the figures in the last two columns of Table I shows that 
the effect of halving the [H’] (i.¢e., from pa 4:76 to pa 5-063) is to increase the 
time of half-decomposition from 1 to 10 mins. The effect of the H’ ion, 
even allowing for an effect due to the change in the un-ionised AcOH concn., 
must therefore be considerably greater than simply proportional to its concn. 
and, presumabiy, is an effect on the rate of separation of Ag on the nuclei. 
Further, it was found that, at constant [H"], increase in ionic strength causes 
a marked enhancement of the reaction speed, much greater than that anticipated 
for a reaction between ions of like sign. Here also the salt effect appears to 

















Fie. 1. 
0-0 
0-2 
S 
RM 
oO 
a 
> 0°4 
§ 
: 
= 
So 
S 
x 
| 
=) 
08 
Y 
10 4 i i 4 4. 4. i 4. i 
0 1 2 3 4 5 6 7 8 9 10 
Time (mins.). 
@ No silver sol. A 30% Silver sol. x 50% Silver sol. 


© and ©) 75% Silver sol. 


be connected with the rate of separation of Ag rather than with the rate of 
the homogeneous reduction. The results obtained with 50% Ag sol at 25-0° 
and [H"] = 0-865 x 10° are shown below. 


Ionic strength 0-16. Ionic strength 0-26, 
Time (mins.). [FeSO,] x 50. Time (mins.). [FeSO,] x 50: 
0-00 1-000 0-00 1-000 
1-05 0-930 0-93 0-870 
3-28 0-833 2-92 0-676 
11-00 0-604 6-05 0-196 
40-55 0-330 10-00 0-005 
75-00 0-161 16-00 0-000 


The conclusion drawn is that the homogenous reaction between 
silver and ferrous ions is a rapid one which cannot be measured 
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from a study of the rate of disappearance of ferrous ions. The 
initial induction period in the rate of disappearance of these ions 
and appearance of silver, is due to the time required for the form- 
ation of silver nuclei, and the subsequent speed, which is accelerated 
by salts and by hydrogen ions, is a measure of the rate of condens- 
ation on these nuclei of atomic silver. 
University CoLLEGE or Nort WALEs, 
BANGOR. [Received, May 7th, 1932.] 


279. The System Magnesium Oxide-Magnesium 
Chloride—W ater. 
By C. R. Bury and E. R. H. Davrzs. 
Section 1. Equilibrium at 25°. 

A KNOWLEDGE of the equilibria and other physicochemical properties 
of the system magnesium oxide-magnesium chloride—water is 
desirable owing to the extensive use of magnesium oxychloride or 
magnesian cement, prepared by mixing magnesium oxide with a 
concentrated solution of the chloride, together with certain inert 
“ filling ” and colouring materials. 

Three not entirely successful attempts to study the problem on 
phase-rule lines have already been made, by Robinson and 
Waggaman at 25° (J. Physical Chem., 1909, 13, 673) and by Maeda 
and Yamane at 25° (Bull. Inst. Phys. Chem. Res. Tokyo, 1928, 7, 
340) and at 50° (Sci. Papers Inst. Phys. Chem. Res. Tokyo, No. 50, 
1926, 4, 85). We now record a further attempt. 


EXPERIMENTAL. 


The procedure adopted was to mix the three components in suitable 
proportions and then to shake them in a thermostat at 25° until equilibrium 
had been established. The chief difficulties were the slowness with which 
equilibrium was attained, the establishment of metastable equilibria, and the 
bulky nature of the solid phases. 

Systems involving basic salts are always sluggish in attaining equilibrium, 
but with this system the difficulty was much enhanced by the formation 
under certain conditions of either cements or gels. Preliminary experiments 
showed that, subject to certain precautions, equilibrium is established after 
constant shaking for 2 months at 25°. Small lumps of the cement, however, 
can be shaken with MgCl, aq. for many months without coming to equilibrium 
with it, and it is therefore necessary to break up any cement that may form 
before it hardens, and to grind it to a fine powder in an agate mortar before 
continuing the experiment. Gels disappear after long shaking, and this 
process may be hastened by breaking them up and adding more MgCl, aq. 

Metastable equilibria may be avoided by inoculation with a trace of finely 
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powdered magnesian cement, which contains hydroxide and oxychloride: if 
this precaution be not taken, Mg(OH),, the stable solid phase in contact with 
solutions containing less than 10-99% MgCl,, may coexist with solutions con- 
taining 15% or more of the chloride, even after 2 months’ shaking. 

The bulky nature of the solid phases, and particularly of the gel which may 
be formed as an intermediate product, necessitates the use of very small 
amounts of MgO, 0-5g. to 30 c.c. of solution being found the max. possible. 
The use of relatively small amounts of oxide makes it difficult to establish the 
position of the triple point hydroxide-basie chloride-solution, for, unless the 
initial concn. of the solution lies in a very narrow range of concn., the small 
amount of oxide used is either completely converted into the oxychloride, or 
does not form it at all. 

The MgO used contained about 0-3% of CaO: it was prepared by heating 
“magnesium carbonate (light) ’’ to’ 850°: MgO which has been heated to 
higher temperatures, or ‘‘ burnt,’’ is very slow in attaining equilibrium. 

When equilibrium had been established, the mixtures were filtered through 
a sintered-glass plate (5—10yu). This operation lasted about 6 hours and was 
carried out in the thermostat. The solution and moist solid were analysed, 
Mg being determined as Mg,P,0,, and Cl by Volhard’s method. In the 
solution, Cl only was determined, since early experiments showed that Mg and 
Cl were always present in equivalent amount. All analyses quoted are the 
mean of two concordant determinations. 

The results obtained are in Table I, being expressed as g. of MgO or MgCl, 





TABLE I. 
Solution. Moist solid. Solution. Moist solid. 

Mg(Cl,, MgCl,, MgO, Solid Mg(Cl,, MgCl.,, MgO, Solid 
%. %. %,. phase.* % %. %,. phase.* 
2-12 1-35 31-63 10-98 16-0 5-32 
2-65 1-72 30-26 14-4] 15°56 - 5°77 
6-44 3°79 33-83 16°43 17-50 6°85 
8-61 5-51 25-27 A 17°36 18-06 4-98 
9-45 §-23 33-60 21-12 21-24 6-43 

10-36 6-72 29-79 21-38 21-06 7-29 B 

10-52 5-20 38-09 24-21 23-63 8°75 

10-62 13-54 8-7 26°59 = 2587) 8-% 

10-88 8-60 on a Bt 26-86 25-14 7°72 

’ : <0" ‘ 31-14 28-80 8-60 

10-90 11-44 19-70} A&B 33-69 31-07 7-30 

12-08 6°71 33-67 A 34:77 33-52 2-71 

15-32 10-45 23-96} t 35-70 36-41 3-79 Cc 
72 lp gies BS 
35°72 — — C 


* A = Mg(OH),; B = 3MgO,MgCl,,11H,O; C = MgCl,,6H,0. 
Tt Denotes metastable equilibrium. 


per 100 g. of solution or moist solid, and are shown in Fig. 1 plotted on the usual 
triangular diagram (many points are omitted for the sake of clearness). 
Solutions, which contain no MgO, are represented by the line AB, the point A 
representing pure H,O and the point B a solution saturated with MgCl,,6H,O. 
Dilute solutions are in equilibrium with Mg(OH),, and more conc. solutions 
with a basic or oxy-chloride represented by the point C. The concn. of MgCl, 
at the triple point hydroxide-oxychloride-solution, represented by the point 
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D, is 10-89%. Robinson and Waggaman’s figure for this concn.—about 16%— 
is undoubtedly erroneous owing to their having overlooked the possibility of 
metastable equilibria. Maeda and Yamane were unable to fix this point. 
The concn. of MgCl, at the triple point oxychloride-hexahydrate—solution is 
35-71%, which is identical with that of a solution saturated with the hexa- 
hydrate alone, for which we obtain a figure agreeing closely with the results of 
Biltz and Marcus (Z. anorg. Chem., 1911, '71, 168). 

The compositions of the solid phases were obtained by extrapolation by 
Janecke’s method (ibid., 1906, 51, 132), which is more convenient than the 
triangular diagram for this purpose. When, however, the solid phases are 
flocculent and the moist solid contains a large amount of solution, as is par- 
ticularly the case with the oxychloride, all graphical methods are somewhat 


Fie. 1. 


inaccurate. The solid phase coexisting with dilute solutions was found to be 
the hydroxide, Mg(OH),, in agreement with the conclusions of Maeda and 
Yamane, but not of Robinson and Waggaman, who state that it is “an 
indefinite solid solution of magnesia-chlorine and water.’’ For the com- © 
position of the oxychloride, graphical extrapolation gave the ratios 
MgO : MgCl, = 0-77: 0-23, and MgO: H,O = 6°77 : 127, the nearest formule being 
10MgO,3MgCl,,35H,0 or 3MgO,MgCl,,11H,0. While the more complex 
formula fits the ratios better, the accuracy of the graphical method hardly 
justifies selection of this, and the observations recorded later show that 
oxychloride tends to contain inclusions of the hydroxide. The simpler 
formula is therefore preferred. Maeda and Yamane and Robinson and 
Waggaman give 3MgO,MgCl,,12H,O and 3MgO,MgCl,,10H,O respectively. 























(To face p. 2010.) 
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Section 2. Gels. 


Gels were discovered during work on equilibria described in 
Section 1: their true nature, however, was not at once realised since 
they were either imperfectly formed or half synerised. Analyses 
of the gelatinous substances obtained and of the solutions in contact 
with them indicated that the composition of the solid phase varied 
widely ; although it was usually close to that of the oxychloride, it 
also sometimes contained much hydroxide. 


A series of experiments, undertaken to find the best conditions for the 
formation of these gelatinous substances, showed that perfect gels were easily 
obtainable by slight modifications of the procedure adopted in Section 1. A 
good method is to grind 0-5 g. of MgO to a fine powder with a trace of mag- 
nesian cement, and to shake this vigorously for 1 hr. in a machine with 25 c.c. 
of 12% MgCl, aq. On standing over-night, the entire mass sets to an un- 
mistakable gel, resembling a stiff starch paste. 

The gel has a structure visible under the microscope : a suspension of it in 
some of the solution used in making it is, however, more suitable for micro- 
scopic observations than the gel itself, which is too dense. The solution 
appears to act merely as a diluent, enabling minute portions of the gel to be 
isolated : the change that takes place on shaking gel with solution is very slow, 
and there is no reason to believe that any appreciable change takes place in 
the short time needed to make observations. Under these conditions the gel 
is seen (Plate I, A) to be a confused mass of small interlaced needles which are 
probably connected by twinning. The needles are about 204 long but are 
too thin to be visible between crossed Nicols, though they are obviously 
crystalline. Analyses, the characteristic needle form, and the necessity in 
their preparation of inoculation with cement, which coritains oxychloride, 
all lead to the conclusion that the needles are the oxychloride. 

The top of the gel is sometimes covered with a scum of the apparently 
amorphous hydroxide; the gel, particularly when prepared from oxide which 
has not been finely ground, may also contain hedgehog-like masses (Plate I, B) 
composed of unpeptised oxide (probably converted into hydroxide) surrounded 
by a fringe of oxychloride needles. These are an unimportant constituent of 
the gel, since they may be almost entirely absent, a are probably an im- 
portant constituent of the cement. 

The gel, therefore, seems to owe its existence to innumerable minute crystal- 
line needles of the oxychloride, which form a confused branched system as the 
result of twinning, and comprise 5—7% of the whole volume of the gel. The 
interstices are filled with MgCl, aq. 

The conditions under which gels are formed depend on, and give valuable 
information about, the relative stabilities of magnesium oxide, hydroxide, 
and oxychloride, and their rates of interconversion. First, it is possible 
to form gels at 25° by the method described above if the concentration of 
MgCl, aq. is 9°7% or more, although oxychloride is only stable in contact with 
solutions containing 10-9% or more of MgCl,. This fact approximately fixes 
the concn. of the solution at the triple point oxide—-oxychloride-solution, as 
can be seen from Fig. 2, which is an enlarged diagrammatic representation 
of part of Fig. 1, the concn. of the oxide being grossly exaggerated. 
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Secondly, oxychloride is not formed spontaneously by the action of a 
solution containing less than 13% of MgCl, on either MgO or Mg(OH),, oxide 
being converted into the hydroxide which does not react further. If, however, 
hydroxide be treated with a solution containing 10-°9—13% of MgCl, and 
inoculated with the oxychloride, it is very slowly converted into the oxy- 
chloride: relatively large, untwinned needles are produced and no gel is 
formed, in agreement with von Weimarn’s hypothesis. If, on the other hand, 
oxide be treated similarly, it is rapidly changed to numerous, small, much- 
twinned needles of the oxychloride, to which the gel owes its existence. 

Oxychloride is, however, formed spontaneously from MgO or Mg(OH), 
and more conc. (15%) solutions of MgCl,. This spontaneous formation occurs 
more readily in the sediment of MgO or Mg(OH), that settles out on standing 
than it does in the well-stirred mixture; thus, Mg(OH), was found in (meta- 
stable) equilibrium with a 15% solution after continuous stirring for 2 months, 
but if a similar mixture is kept without shaking, oxychloride will be formed 
within 24 hrs. Gels, therefore, can be produced without inoculation from 
more cone. solutions, but since spontaneous formation of oxychloride is 


Fia. 2. 


= F40" _ Ma(on), 


3Mg0, MgCl,,11H,0 


412 10-92, Mac, 








favoured by sedimentation, cements rather than gels are usually produced. 
With still more conc. solutions (20%), oxychloride is formed rapidly even in a 
well-stirred mixture. 

Syneresis of gels made with dilute solutions containing 9-7—10-9% of MgCl, 
is due to the conversion of the oxychloride into Mg(OH),, a reaction which, 
like its reverse, is very slow. With gels made from more conc. solutions, 
syneresis is due to secondary recrystallisation; the larger crystals, being 
less soluble, grow at the expense of the smaller ones. This process is also 
rather slow. 


Section 3. X-Ray Analysis (with GEOFFREY GRIME), 


The powder method of X-ray analysis has been used in order to 
confirm the conclusions reached in Section 1 and to obtain inform- 
ation as to the nature of magnesian cement. Previous measurements 
by Maeda (Sci. Papers Inst. Phys. Chem. Res. Tokyo, No. 73, 1926, 
5, 95), using the same method, were inconclusive. 

The following substances have been examined: (a) Natural 
magnesium hydroxide (brucite), (6) magnesium hydroxide and (c) 
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oxychloride (moist solids from phase-rule work), (d) hardened cement 
(aged 6 months), (e) freshly set cement (3 days old). 


The specimens, after being powdered in a mortar when necessary, were 
mounted on a Ni rod at the centre of the cylindrical camera and exposed to 
Cu-Ka radiation. The information derived from the photographs is sum- 
marised in Table II, from which the following conclusions can be drawn. 


TaBxe IT. 


(a) Brucite. (c) Oxy- (d) Cement (e) Cement 
——- —— ~~ - ——_— (b) Mg(OH),. chloride. (hardened). (fresh). 
Indices, 

hkl. d,cale. d, obs. . d,obs. Int, . Int. d,obs, Int. d,obs.. Int. 
. v.W. v.w. 
m. 4-65 Ww. 
m. 4-15 viw. 
v.w. 
vw. 25 v.W. 


00-1 4-78 4-78 8. 4-73 m. 
w. 


00-1(2) 6. 


1-98, 
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1-30, 
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1-18, 
1-09, 

1-03, v.w. 1-02, 
Intensities : v.s., very strong; s., strong; m., medium; w., weak; v.w., very weak. 
Indices: hk.l are the indices of the planes of the crystal. 

d is the distance in £.U. between the successive planes. 
(Figures in brackets in col. 1 are the orders of reflexion when greater than 1.) 

Brucite and the Mg(OH), obtained as moist solid in Section 1 are identical, 
_ have a unit cell of the hexagonal system of dimensions a = 3-15 A.U., 

=: 4-78 A.U., rather greater than those usually quoted ( International 

Critdeal Tables, 1, 344). 

The unit cell of magnesium oxychloride cannot be determined from the 
available data. 

Both hydroxide and oxychloride can be identified in each sample of cement, 
the hydroxide lines being by far the stronger, especially in the freshly set 
cement. The hardened specimen shows several faint lines not appearing in 
either hydroxide or oxychloride patterns. The oxychloride pattern given by 
this specimen is stronger than that from the pure material, and therefore the 
lines are probably those of the oxychloride. This conclusion is borne out by 
the fact that the lines do not appear in the freshly set cement where the 
oxychloride pattern is weak. 

No MgO can be detected in either specimen of the cement. 

Hardening of the cement appears to be associated with an increase in the 
quantity of the oxychloride detectable by X-rays. This may mean either 
that more oxychloride is actually formed, or that much of the oxychloride in 
the freshly set cement is present in a colloidal or microcrystalline form, and 
that this becomes crystalline on ageing, 
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Section 4. Magnesium Oxychloride Cement. 


The cement is prepared by mixing MgO with conc. MgCl, aq. to a thick 
paste, which sets to form a cement in about 12 hrs. The most suitable conc. 
of solution is about 20%, this solution being represented in Fig. 1 by the 
point R. The relative amounts of oxide and solution used are so chosen that 
the resulting paste has a suitable consistency. We find that a typical pure 
magnesian cement contains about 43% MgO, 12% MgCl,, and 45% H,0, its 
composition being represented by the point S. In practice, some filling 
material is always used, with the result that a rather greater amount of 
solution is required to obtain a paste of suitable consistency, the composition 
of a typical filled cement being represented by the point T, the filling material 
being, of course, neglected in this representation. 

From the diagram it follows that the eement at 25° is composed of three 
phases, magnesium hydroxide and oxychloride, and a solution containing 
10-9% MgCl,, the relative amounts of which are about 41, 49, and 10% for the 
pure cement and 37, 49, and 14% respectively for a filled cement. In so far 
as the nature of the crystalline phases is concerned, these conclusions are 
confirmed by X-ray analyses described in Section 3. 

Thus, although the cement is a hard and apparently homogeneous substance, 
it must be porous, since 10—14% of its mass is a liquid. It is possible that 
equilibrium conditions in such a porous body, where surface forces come into 
play, may be slightly different from those found in Section 1. 

Attempts to determine the structure of the cement from thin sections 
prepared by petrological methods were fruitless, but the observation made in 
Section 2, that MgO when incompletely converted into the oxychloride formed 
hedgehog-like masses, suggests that the structure of the cement can be regarded 
as a close-packed agglomeration of these hedgehogs; i.e., it is composed of 
particles of hydroxide of various sizes from which radiate large numbers of 
fine, highly twinned needles of oxychloride which bind together the hydroxide 
particles, while the chloride solution is contained in the interstices. 

The cement is in two respects unstable when exposed to the atmosphere. 
The Mg(OH), it contains will in time be completely converted by a normal 
atmosphere into the carbonate: besides the normal carbonate, hydrated 
carbonates and hydrated basic carbonates are described in literature, one of 
which may be formed rather than the normal carbonate, but for these substances 
no thermodynamic data are available. An experiment described below makes 
it probable that a surface coating of some kind of carbonate is formed when 
the cement is exposed to the atmosphere, and that this coating is of value in 
protecting the cement from attack by moisture. 

One of the phases of which the cement is composed is a 10-9% solution of 
MgCl,. From vapour-pressure data (International Critical Tables, 3, 367) it 
follows that this solution will absorb moisture when exposed to an atmosphere 
whose degree of humidity is greater than 93%. Absorption of moisture will 
cause decomp. of oxychloride, and ultimately the cement will be converted 
into the hydroxide and a dilute solution of the chloride. This actually 
happens if the cement is protected from the action of CO,, for if a freshly 
mixed paste be placed in a desiccator over N-KOH, which provides a moist, 
CO,-free atmosphere, it sets normally and then begins to deliquesce. Signs 
of this are evident after a day; after a week the cement is surrounded by 4 
pool of dilute chloride solution, and after a month its surface is converted 
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into a friable mass of hydroxide, which can readily be detached from the 
underlying unaltered cement. Again, a cement which has not been submitted 
to the action of CO, is converted by H,0 into a friable mass of the hydroxide, 
from which all chloride has been leached out. Cement which has been exposed 
to the air is far more resistant to moisture but is, nevertheless, slowly attacked 
on long exposure to a very moist atmosphere : in practice, the surface of the 
cement is often impregnated with some oil or wax to guard against this 
contingency. 


Part of this work has been carried out at the Building Research 
Station, Garston, for which we desire to thank the Director, Dr. 
R. E. Stradling. We also desire to thank Mr. B. H. Wilsdon 
for suggesting the research and for valuable advice, Messrs. 
H. M. Llewellyn and G. Grime for assistance, Prof. Newton for 
permission to make the micro-photographs in the Department of 
Botany, and the Department of Scientific and Industrial Research 
for a grant. 
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280. Orientation in the Substitution Reactions of 
Alkylnaphthalenes. Part I. Side-chain Nitration 
of 1: 4-Dimethylnaphthalene. 

By Rosrert Rosinson and Henry W. THOMPSON. 


THE remarkable aptitude of naphthalene and its derivatives for 
substitution in the «-positions is doubtless to be attributed to the 
polarisation illustrated in (I). 


Me 
re R ry 
OS Y | Ne ‘» JN cy 
LJ C Rak A | 
WVY\F at sty, Pi 
R Me 


(T.) (IT.) (III.) 


It was thought possible that the accumulation of alkyl groups in 
one of the benzenoid nuclei might bring about the condition exhibited 
in (II) as the result of a general electronic displacement. Again, 
with less highly alkylated hydrocarbons, the question arises as to 
whether the facilitation of 8-substitution in the nucleus bearing the 
alkyl group in the «-position will be able to compensate effectively 
for the proneness to «-substitution in the other nucleus (III). 

In the course of such enquiries we have examined the behaviour of 
1 ; 4-dimethylnaphthalene towards nitrating agents. Under normal 
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conditions the reaction appeared uncontrollable, but a clean product 
was obtained in acetic anhydride solution. Later the same product 
was obtained by nitration in nitromethane solution and also in 
aqueous suspension. This substance was neither an «- nor a #-nitro- 
dimethylnaphthalene but was a methylnaphthylnitromethane (IV). 
On reduction it furnished the related amine, the phthalimido- 
derivative (V) of which was identical with the substance prepared 
from methylnaphthylmethyl bromide and potassium phthalimide. 

The only doubtful point is therefore the possible occurrence of 
migration in the reduction of a nitro-compound of the formula (VI) ; 
the properties of the nitro-derivative do not support this suggestion. 

On oxidation with alkaline ferricyanide the substance yielded 
naphthalene-1 : 4-dicarboxylic acid together with a by-product 
which we regard as (VII). 


6**4 
re 
nm 4 , Me Cie CH-C,oH,Me 
CH,-NO, C-NO, 
OO OO Ss Na 
Na CH Me 
“(IV.) (V.) or " (VII) 


Further work on the circumstances connected with this somewhat 
abnormal reaction is in progress and we reserve our comments. 


EXPERIMENTAL. 


1-Methyl-4-naphthaldehydesemicarbazone.—a-Methylnaphthalene, condensed 
with HCN and HCl in presence of AICI,, gave only poor yields of the aldehyde, 
which was isolated as its semicarbazone; white powder, m. p. 237°, from AcOH 
(Found: C, 68-4; H, 5-8; N, 18-0. C,,;H,,ON, requires C, 68-7; H, 5-7; 
N, 18-5%). 

4-Bromo-1-methylnaphthalene.—This was prepared by bromination of 
a-methylnaphthalene in cold CCl, with exclusion of light (compare Mayer and 
Sieglitz, Ber., 1922, 55, 1839). Previous workers have stated that this 
substance is liquid at — 18°, but our distilled product was a nearly colourless 
oil, m. p. 2° (yield, 55%). Crystallisations from EtOH, using solid CO,, 
furnished faintly yellow material, m. p. 5-5—6-0° (corr.), b. p. 157—-158°/10 mm. 
(Found: C, 59-9; H, 4-1; Br, 35-4. Calc. for C,,H,Br: C, 59-7; H, 4:1; 
Br, 36:2%); picrate, reddish-yellow needles, m. p. 126—127°. The same 
bromo-compound was produced by the Sandmeyer or the Gattermann reaction 
with diazotised 4-amino-l-methylnaphthalene, but the yields were unsatis- 
factory. 

By careful fractional crystallisation from EtOH and conversion of the 
residues into picrate and further. crystallisation, it was found that a-methyl- 
naphthalene yields about 70% of the 4-bromo-isomeride. 
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1 : 4-Dimethy/naphthalene.—None of the heunce methods is suitable for the 


preparation of the hydrocarbon; further, they all appear to give mixtures, as 
is indicated by a comparison of the recorded properties (liquid at — 18°; 
picrate, m. p. given variously from 137° to 141°) with those of the product 
obtained as follows. 

To the Grignard reagent prepared from 4-bromo-l-methylnaphthalene 
(221 g.), Mg (30 g.), and Et,O (750 e.c.), purified Me,SO, (130 c.c.) in Et,O 
(200 c.c.) was added slowly, and the mixture refluxed for 24 hrs. The oily 
product was isolated by known methods, refluxed with conc. KOH aq. for 
2 hrs., and distilled. In order to remove unchanged bromo-compound, the 
yellow oil obtained (120 g.), f. p. — 12°, was heated to 220° with Na (15 g.), 
violently shaken for a short time, cooled, and filtered with the aid of some 
Et,0; it then distilled from Na as a colourless oil (105 g.), f. p. — 8°. Two 
crystallisations from EtOH (with which it is miscible in all proportions at 
room temp.) using solid CO,, gave a product (yield, 55 g. or 35%), m. p. 45— 
5°0°, which was employed for the nitrations. 

By further crystallisations from EtOH, a prodint, m. p. 5*5—6-5° (corr.), 
b. p. 118°/10 mm., with a faint naphthalenoid odour was obtained (Found : C, 
92:1; H, 7-7. Calc. for C,,H,,: C, 92°3; H, 7-7%). With cone. H,SO, it 
gives & mauve suspension in the cold, and a green solution on warming; this 
may be due to impurity, but it is noteworthy that the w-bromo-, -nitro-, and 
-hydroxy-derivatives give similar colour reactions. Picrate, m. p. 143—144°. 

Nitration. No previous investigations are recorded. The hydrocarbon 
reacted very energetically with HNO, (d 1-42), alone or in AcOH. From the 
dark oil produced, much amorphous brown material was removed by washing 
with dil. alkali. The oil then deposited a small amount of a mixture of 
dinitro-compounds, m. p. 150° (Found : C, 57-8; H, 4:1. C,H ,9O,N, requires 
C, 58-5; H,4:1%). The residual oil was probably mainly mononitrodimethyl- 
naphthalene (Found by TiCl, reduction: N, 5-7. C,,H,,0O,N requires N, 
70%), but no pure substance was obtained from it. 

w-Nitro-1 : 4-dimethylnaphthalene (IV).—{A) A solution of 1: 4-dimethyl- 
naphthalene (20 g.) in Ac,O (100 c.c.) was stirred mechanically, cooled with 
solid CO,, and HNO, (9 c.c.; d 1-52) added from a capillary during lhr. The 
faintly green solution was kept at — 5° for 6 days, then cooled in solid CO,, 
and the white crystals washed with Ac,O; m. p. 106°(10g.). The filtrate was 
worked up and furnished more white crystals, m. p. 105° (1—2 g.; total yield, 
45%). The substance eryealivoed from EtOH in hair-like needles, m. p. 107° 
(Found: C, 71-5; H, 5-5; N, 6-6. C,,H,,0,N requires C, 71-6; H, 55; 
N, 7-0%). 

(B) HNO, (1-7 c.c.; d 1-5) in MeNO, (6 c.c.) was gradually added to asolution 
of 1 : 4-dimethylnaphthalene (5 g.) in MeNO, (20 c.c.) at — 10° with stirring. 
After remaining at 0° for a day and then at room temp. for 3 hrs., the product 
was isolated; white needles (2-0 g.), m. p, 105°, from EtOH. 

(C) The hydrocarbon (9 g.), mixed with H,O (9 c.c.), was nitrated with 
HNO, (40 c.c.; d 1-42) and H,O (30 c.c.) with cooling in running H,O. Agit- 
ation was continued for 1} hrs., and the oil then separated and dissolved in the 
minimum of EtOH; 4 g. of white needles, m. p. 105°, crystallised on keeping, 
and the substance was identified with that described under (A) above. 

w-Nitro-1 : 4-dimethylnaphthalene darkens slowly when exposed to light and 
decomposes before volatilisation when heated under 1 mm. It dissolves in 
cold conc. H,SO, to a deep blue solution, tbe Py yea of which is discharged on 
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dilution, It does not respond to Konowalow’s reaction for primary nitro- 
compounds. It dissolves in boiling dilute NaOH aq.; in contact with conc. 
alkali a yellow ppt. is produced, and this dissolves on dilution with H,0. 

The addition of dil. HCl to the alkaline solution produces a white ppt. which , 
treated with FeCl,, affords a dark brown compound soluble in Et,O. 
Apparently this is the aci-form, and it is converted into the original form by 
erystn. from org. solvents. When a trace of the nitro-compound is heated 
with PhOH and H,SO,, the mixture poured into H,O, and excess of alkali 
added, a mauve colour is produced (Gabriel’s reaction for primary nitro- 
compounds; Ber., 1885, 18, 1254; compare Wislicenus and Wren, Ber., 1905, 
38, 503). 

Oxidation.—(A) K,Fe(CN), (102 g.), KOH (46 g.), H,O (390 c.c.), and the 
nitro-compound (5 g.) were refluxed together for 5 hrs. and the mixture was 
then cooled and filtered. The residue of iron oxide contained yellow specks, 
which were extracted in hot Me,CO and crystallised from Me,CO, from 
C,H,, and from AcOH (sparingly sol. in all); canary-yellow needles (1-5 g.-), 
m. p. 203° (Found: C, 81-7; H, 5-7; N, 4-0. C,,H,,0O,N requires C, 81-6; 
H, 5:4; N, 40%). This substance is doubtless a methylnaphthylidene-w-nitro- 
dimethylnaphthalene (VII). It does not react with Br, but this is by no means 
unusual in the case of heavily substituted stilbene derivatives. 

An excess of HCl aq. was added to the filtrate from the iron oxide : the ppt. 
crystallised from AcOH as a white powder (0-8 g.), m. p. 320°, which was 
identified as naphthalene-1 : 4-dicarboxylic acid (Found : equiv. by titration, 
105. Cale. for C,,H,O,: equiv., 108). Its properties agree with those 
recorded in the literature, except that Mayer and Sieglitz (loc. cit., p. 1841) 
give m. p. 288°. The alcoholic solution fluoresced blue, and when the acid 
was heated with soda-lime, naphthalene was produced. 

(B) Oxidation with KMnO, in alkaline solution gave similar results. 

w-Amino-1 : 4-dimethylnaphthalene.—The nitro-compound (3:8 g.), suspended 
in abs. EtOH (50 c.c.) containing a trace of platinic oxide, was shaken with 
H, until 1,650 c.c. had been absorbed (5 hrs.). After filtration the solvent was 
removed; as the residuai oil rapidly absorbed CO, from the air, it was con- 
verted into the hydrochloride, white needles, m. p. 285° (Found: C, 68-0; 
H, 7-0; N, 16-3. C,,H,,N,HCl requires C, 69-3; H, 6-7; N, 17-1%). The 
acetamido-derivative occurred as white flakes, m. p. 142° (Found: C, 78-6; 
H, 7-0. C©,,H,,ON requires ©, 78-8; H, 7-0%). 

Phthalimido-derivative (V).—An intimate mixture of the amino-hydro- 
chloride, fused AcONa, and phthalic anhydride was heated for a few mins. over 
a free flame. The product crystallised from AcOH aq. in small white needles, 
m. p. 148° alone or mixed with authentic w-phthalimido-1 : 4-dimethyl- 
naphthalene (below). 

w-Hydroxy-1 : 4-dimethylnaphthalene.—This was prepared by the method of 
Ziegler and Tiemann (Ber., 1922, 55, 3406) by the action of gaseous form- 
aldehyde on the Grignard reagent prepared from 4-bromo-1-methylnaphthalene. 
The crude alcohol was converted into the acid phthalate by heating on the 
steam-bath for a few hrs. with a little toluene and an excess of phthalic 
anhydride. The product was isolated by solution in Na,CO, aq., an excess of 
KOH added to the extract, and the oily suspension steam-distilled. Fine 
white needles separated from the distillate; m. p. 77° after crystallisation from 
C,H, (yield, 26%). <A trace of this substance developed with conc. H,SO, 
slowly in the cold, but rapidly on warming, a deep bluish-green coloration. 
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w-Bromo-| : 4-dimethylnaphthalene.—A solution of the hydroxy-compound 
in C,H, to which anhyd. Na,SO, was added was saturated in the cold with 
HBr, kept at room temp. for 4 hrs., and filtered, the C,H, distilled, and the 
residue crystallised from light petroleum; white silky needles, m. p. 80° 
(yield, nearly quantitative) (Found: C, 61-5; H, 4:8; Br, 33-6. C,,H,,Br 
requires C, 61-3; H, 4-7; Br, 34:0%). A pale blue colour developed with 
warm conc. H,SQ,. 

w-Phthalimido-1 : 4-dimethylnaphthalene (V).—An intimate mixture of the 
bromo-compound (3 g.) and potassium phthalimide (3 g.) was heated at 180— 
200° for 34 hrs., the product boiled with H,O, and the white insol. powder 
crystallised in turn from AcOH and EtOH-Me,CO; small hard needles, m. p. 
148° (Found: C, 79-7; H, 5-1; N, 4-6. C,9H,,O,N requires C, 79-7; H, 5-0; 
N, 4:7%). The crude material was heated with an excess of very dil. NaOH aq., 
the solution filtered, washed with Et,0 to remove a trace of w-hydroxy-1 : 4- 
dimethylnaphthalene, and the white powder which was pptd. by the addition 
of HCl aq. crystallised from EtOH; white needles, m. p. 179° (decomp.) 
(Found: C, 74:9; H, 5-4; N, 4:3; equiv. by titration, 323. C,.H,,0,N 
requires C, 75:2; H, 5-3; N, 44%; M, 319). This phthalamic acid is quantit- 
atively converted into the phthalimido-derivative by boiling conc. HCl. 

Dinitro-1 : 4-dimethylnaphthalene.—A solution of the hydrocarbon (20 g.) in 
Ac,O (65 c.c.) was cooled in solid CO,, stirred mechanically, and HNO, (8,c.c. ; 
d 1-52) added through a capillary. The mixture was kept at — 5° for 2 days, 
again cooled in solid CO,, more HNO, (3 c.c.) added, and the mixture kept at 
— 5° for 3 days. Cooling in solid CO, yielded yellow crystals (6-5 g., m. p. 
125°), which were recrystallised from EtOH; pale yellow needles, m. p. 128° 
(Found: C, 58-5; H, 4:0; N, 11-0. C,,H,.0,N, requires C, 58-5; H, 4:1; 
N, 11-4%). This compound gives in cold H,SO, a yellow solution which 
becomes green on heating or long standing. 

The Ac,O mother-liquors contained a substance crystallising from EtOH in 
yellow needles (2 g.), m. p. 174° (decomp.) (Found : C, 58-5; H, 43%). This 
substance, the nature of which is not yet known, develops a deep blue color- 
ation with cold conc. H,SO,. 


One of the authors thanks the Department of Scientific and Industrial 
Research for a maintenance grant, and the University of London for a Keddey 
Fletcher-Warr Studentship. 


Dyson PERRINS LABORATORY, UNIVERSITY COLLEGE, LONDON. 
OXFORD. [ Received, May 5th, 1932.] 





281. 2: 6-Dihydroxy-3-B-phenoxyethyl-4-methyl- 
pyridine. 
By K. Margsxa, Rosert Rosson, and J. 8. Warr. 


Tuts substance has been prepared by an application of Thorpe and 
Rogerson’s method (J., 1905, 87, 1685; compare also Kon and Nanji, 
J., 1931, 566; Ruzicka and Fornasir, Helv. Chim. Acta, 1919, 2, 338) 
in the hope that it might prove to be a suitable intermediate for the 
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synthesis of quinine derivatives, e.g., meroquinenine, which contain 
the vinyl group as a side chain. Very poor results followed an 
attempt to introduce the 6-phenoxyethyl group at too early a stage : 
the condensation of ethyl acetoacetate with the potassium derivative 
of ethyl sodio-8-phenoxyethylcyanoacetate was fruitless. On the 
other hand, the phenoxyethyl group, best as the iodide, could be 
introduced into ethyl «-cyano-$-methylglutaconate, a carbethoxy] 
group being extruded. 

On hydrolysis with concentrated hydrochloric acid, the conden- 
sation product yielded the dihydroxyphenoxyethylmethylpyridine 
({) together with a by-product which, from its analysis, properties, 
and method of formation, we consider to have the constitution (II), 

Me Me 


' CH,-CH,-OPh \—OH, 
() HO JoH HO } cH, “©” 
\ 
N N o 


Phenoxyethyl bromide (120 g.) (“‘ Organic Syntheses,’’ IX, 72) and a 15% 
solution of NaI in Me,CO (650 c.c.) were refluxed for 2 hrs., the filtered solution 
concentrated to } vol., the residue added to H,O, and £-phenoxyethy]l iodide 
collected by means of Et,O and distilled; b. p. 128°/12 mm. (yield, 85—90%) 
(Found: I, 51-0. Cale.: I,51-2%). This is an improvement on von Braun’s 
method (Ber., 1913, 46, 1788). 

Interaction of the Potassio-derivative of Ethyl a-Cyano-B-methylglutaconate 
with B-Phenoxyethyl Bromide and Iodide.—Ethyl a-cyano-f8-methylglutacon- 
ate (22-5 g.) was added to KOEt (3-9 g. of K) in abs. EtOH (70 c.c.) and after 
the introduction of B-phenoxyethyl bromide (20-1 g.) and KI (2 g.) the mixture 
was refluxed on the steam-bath for 8 hrs. The oil liberated by dil. HCl was 
taken up, washed (Na,CO, aq.), and dried in Et,O and distilled; b. p. 
180—190°/2—3 mm. (12-3 g. or 45%). A portion redistilled, b. p. 170— 
172°/0-2 mm., gave analytical results indicating thatit consisted chiefly of 
ethyl y-cyano-y-phenoxyethy]-£-methylcrotonate, mixed with a small propor- 
tion of ethyl a-cyano-a-phenoxyethyl-8-methylglutaconate (Found: C, 69-5; 
H, 6-9; N, 4:5. C,,H,,0,N requires C, 70-3; H, 7-0; N, 5-1%). 

The yields in later experiments were 40% and 37%, but an improvement 
followed by the use of the ready-formed phenoxyethyl iodide. The quantities 
employed were ethyl a-cyano-8-methylglutaconate (22-5 g.), K (3-9 g.), EtOH 
(70 c.c.), phenoxyethy] iodide (24-5 g.), and the mixture was refluxed for 4—5 
hrs. and worked up as before. The yield of the distilled oil was 16 g. or 59%, 
and almost the same yield was obtained when an equiv. of Na was used 
instead of K. A redistilled fraction gave analytical results identical with those 
previously obtained. 

2 : 6-Dihydroxy-3-B-phenoxyethyl-4-methylpyridine (I).—Hydrolysis of the 
condensation product with alc. KOH was unsatisfactory. The distilled con- 
densation product (25 g.) was boiled under reflux with HCl (300 c.c.) for 10—L2 
hrs. The undissolved oil, which solidified on cooling, was the hydrochloride 
of the dihydroxypyridine derivative. The solution was decanted and concen- 
trated to 50 c.c.; on cooling, the hydrochloride separated in colourless crystals. 
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The whole product was dissolved in NH, aq. and recovered from the filtered 
solution by acidification with AcOH, the dihydroxyphenoxyethylmethyl- 
pyridine separating as a greenish, almost white, mass of microscopic crystals. 
The HCl filtrate was rendered alkaline with NH, aq., the crystals (A, see below) 
removed, and the filtrate acidified with AcOH; more of the dihydroxy- 
pyridine derivative was thus obtained (total yield, 4-6 g. or 20%). The sub- 
stance crystallised from EtOH (charcoal) in microscopic elongated prisms, 
m. p. 161° (Found: C, 68-7, 68-4; H, 6-1, 6-0; N, 5-9. C,,H,,0,N requires 
C, 68-6; H, 6-1; N,5-7%). It has the properties typical of its class, develop- 
ing a reddish-purple coloration with ale. FeCl,, is readily sol. in alkaline 
solutions, and decomposes carbonates. The ammoniacal solution becomes 
green on exposure to air. 

Anhydro-2 : 6-dihydroxy-3-(B-hydroxyethyl)-4-methylpyridine (II). — The 
crystals (A), flat plates, had m. p. 249—250° after recrystn. from much EtOH 
(Found: C, 63-7; H, 6:2; N, 9-1. C,H,O,N requires C, 63-6; H, 5-9; N, 
93%). The substance is insol. in weak alkalis; its phenolic character is, 
however, shown by the reddish-purple coloration developed with alc. FeC),. 
Unlike the dihydroxypyridine derivative, this substance exhibits no tendency 
to yield greenish-black oxidation products on exposure of its solutions to air. 


Dyson PEeRRINS LABORATORY, 
OxFORD. [Received, June 9th, 1932.] 





282. The Stereochemistry of 2: 2’-Disubstituted Di- 
phenyls. Part I. The Optical Resolution of 
Phenyl Benzidine-2 : 2’-disulphonate. 


By Mary 8. Lessiie and E. E. Turner. 


AN accurate model of the diphenyl molecule made with the atomic 
radii 0-725 A for carbon (Lonsdale, Proc. Roy. Soc., 1929, 123, 494) 
and 0:37 A for hydrogen (Birge and Jeppesen, Nature, 1930, 125, 
463) shows (Fig. 1) that, if an atom or group X of radius 1-18 A 
is present in both the 2- and the 2’-position, the model can be 
arranged so that the two benzene nuclei are co-planar as well as 
co-axial. At the same time, the atom or group ‘X in position 2 
(2’) is in actual contact with the hydrogen atom in position 6’ (6) ; 
therefore, although this configuration is possible in a model, it could 
not be reproduced in a molecule, since it would imply the close 
contact of actual combination between the groups X and the two 
hydrogen atoms touching them. The di-X-substituted diphenyl 
therefore should have a non-planar configuration and exhibit 
molecular dissymmetry. Moreover, even if the radius of X were 
less than 1-2 A, e.g., 1-1 A, a planar configuration would probably 
be prevented, for it is unlikely that X could come within 0-1 A of 
the hydrogen atom. 

Diphenyl derivatives containing in the 2: 2'-positions either 
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bromine (atomic radius, 1-13 A; Mecke, ‘“‘ Bandspektra, Handb. 
Phys.,”” 1929) or iodine atoms (atomic radius, 1:33 A; Mecke, Z. 
Physik, 1927, 42, 390; Physikal. Z., 1927, 28, 479) should therefore 
be capable of exhibiting optical activity, or at any rate asymmetric 
induction, and the same may be true of a diphenyl] derivative having 
these positions occupied by atoms of sulphur, the atomic radius 
(rs) of which appears to be between 0-88 A (Mischke, Z. Physik, 
1931, 67, 106) and 1-17 A (Goldschmidt, Geochem. Vert., 1927, 8, 
21; Ber., 1927, 60, 1263). The distance between the centres of 
the oxygen and sulphur atoms in potassium sulphate has been 
given (Goldschmidt, loc. cit.) as 1-64 A, and the atomic radii of 
singly and of doubly bound oxygen are respectively 0-70 and 0-60 A 


Fig. 1. 





(Ann. Reports, 1931, 385) : since the S—O link in potassium sulphate 
is semi-polar, the first figure should be taken, which gives rs = 1-64 
— 0-70 = 0-94 A. 

In view of these facts, and for other reasons cited below, we 
prepared phenyl benzidine-2 : 2’-disulphonate, 

SO,Ph-C,H,(NH,)*C,H,(NH,)*SO,Ph, 

and attempted its optical resolution. From an absolute ethyl- 
alcoholic solution of the base (1 mol.) and d-camphorsulphonie 
acid (2 mols.), either a dl-base d-acid salt, [«];.59, + 24°3°, or a 1-base 
d-acid salt, [a];79, + 15-2°, separated first, and from an absolute 
methyl-alcoholic solution either the dl-base d-acid salt or the d- 
base d-acid salt, [«];2,, -+ 38-1°, crystallised first. By inoculation 
of the ethyl-alcoholic solution with l-base d-acid salt, the separation 
of partial racemate could be prevented, but straightforward re- 
crystallisation of the impure /-base d-acid salt was accompanied 
by complete racemisation. Moreover, the d-base d-acid salt could 
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not be obtained from the ethyl-alcoholic mother-liquors, nor the 
l-base d-acid salt from the methyl-alcoholic. Corresponding salts 
were obtained by means of /-camphorsulphonic acid. 

Although these results suggested salts of a very easily racemised 
base, the specific rotation, [«];.5, — 24-6°, of an acetone solution 
of the /-base remained unchanged during 3 days. Addition of a 
little pyridine to the acetone solution caused no racemisation during 
24 hours, although the base was rendered inactive when its pyridine 
solution was kept for 10 minutes at 100°. We were unable to 
study the racemisation of the base and its hydrochloride, since 
these were insoluble even in hot alcohol, in which the camphor- 
sulphonates had been shown to racemise. 

Phenyl benzidinedisulphonate differs in two important respects 
from all other diphenyl compounds which have been resolved : 
(1) It has only two substituents in the 2 : 2’ : 6 : 6’-positions. 1: 1’- 
Dinaphthyl-8 : 8’-dicarboxylic acid was resolved by Stanley (J. 
Amer. Chem. Soc., 1931, 53, 3104) and Meisenheimer and Beiss- 
wenger (Ber., 1932, 65, 32), but there is one marked difference 
between derivatives of 1: 1’-dinaphthyl and those of diphenyl, 
viz., groups attached to the 8- and 8’-positions in the dinaphthyl 
have a rigidity of spatial orientation which cannot be reproduced 
in the diphenyl series proper, and therefore each series must be 
treated separately. (2) The atom (sulphur) attached to the 2: 2’- 
positions is itself attached to three other atoms, whereas compounds 
previously resolved have contained, in those positions, atoms to 
which not more than two other atoms have been directly attached 
(NO,, CO,H, etc.). Consideration of Fig. 2 shows that, whilst if 
the sulphur atom carried only two oxygen atoms these could swing 
away from the opposed 2’-hydrogen atom, this cannot happen nearly 
so readily when there are three oxygen atoms attached to the 
sulphur. In constructing the diagram, a mean value of 1-0 A has 
been taken for rs, and 0-70 A for ro. 

Fig. 2 (bottom half) shows that, if the centres of (1) the carbon 
atoms in the left-hand benzene nucleus, (2) the sulphur atom 
attached to it, and (3) one oxygen atom (O,) are in a plane, then 
(assuming a tetrahedral disposition of the sulphur valencies), 
neither the 6’-carbon atom nor the hydrogen attached to it can 
be in that plane. When the sulphur atom is rotated about the 
axis AB until an oxygen atom (Q,) is in the above plane, but on 
the side away from the 6’-carbon atom, the two other oxygen 
atoms (O,) are in the positions where they can produce least effect 
as regards the 6’-hydrogen atom, and it is clear that in a purely 
mechanical model this hydrogen atom could pass both the sulphur 
and the oxygen atoms. On the average, however, one oxygen atom 
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will be in the mean position represented by O,, since the sulphur 
atom is capable of rotation about the axis AB. In this average 
position, the oxygen atom will cause dissymmetry of the whole 
molecule, and this effect is made more powerful owing to the fact 
that a similar situation is present on the other side of the diphenyl 
nucleus (SO,-OPh group attached to carbon atom 2’; QO, in the 
mean position, and the other two oxygens in the correct positions 
relative to O, shown in the top half of the diagram), for it is un- 
likely that the rotations of the two sulphur atoms would synchronise. 

Experiments are in progress to determine to what extent this 
“‘ dynamic ” effect of atoms attached to atoms (particularly ones 
with radii considerably less than 1-0 A) substituted in the 2- and 
2’-positions can function. 

We have also been investigating the resolution of various 2 : 2’- 
disulphonic acids of diphenyl, and until our experiments are carried 
further only general conclusions can be drawn as to the possible 
effect of the phenyl (ester) groups present in our optically active 
base. They cannot be the prime cause of dissymmetry, and would 
appear merely to render one oxygen atom in each sulphophenoxy! 
group a slightly more efficient obstacle. 

While these investigations were in progress, Stanley and Adams’s 
failure to resolve diphenyl- and benzidine-2 : 2’-disulphonic acid, 
which they thought might exhibit molecular dissymmetry, was 
published (J. Amer. Chem. Soc., 1930, 52, 4471). Their method 
(ibid., p. 1200) of calculating the probable obstacle effect of groups in 


the 2-, 2’-, 6-, and 6’-positions, e.g., in the compound CK? 
) Y 


is, essentially, to regard X and Y as taking effect along the straight 
line (2:90 A in length) joining the centres of the 2- and 2’-carbon 
atoms. Thus, for X = Y = CH,, Stanley and Adams add together 
values for the links C,—CH, and C,’—CHg,, and obtain the figure 
3:46A. The difference, 3-46—2-9, viz., 0-56 A, is called the “ inter- 
ference.” This method appears to have little theoretical justific- 
ation, and could be used for prediction purposes only when sum- 
mation of the C;—X and C,’—Y links gives a figure either con- 
siderably larger or considerably smaller than 2-9 A. 


EXPERIMENTAL. 


Phenyl 2-chloro-5-nitrobenzenesulphonate was obtained by heating 2-chloro- 
5-nitrobenzenesulphonyl chloride (50 g.), PhOH (30 g.), and anhyd. Na,CO, 
(20 g.) at 100° until reaction ceased. H,O was added, and the solid washed 
with alkali. It (53 g.) formed needles, m. p. 92—93°, from light petroleum 
(b. p. 60—80°)-C,H, (Found: Cl, 11-3. C,,H,O;NCIS requires Cl, 11-3%), 
and was reduced by SnCl, in AcOH-HCl aq. to the 5-amino-ester, small 
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needles, m. p. 75—76°, from EtOH aq. (Found: §8, 11:3. C,,HygO,NCIS 
requires 8, 11-3%). 

2-Iodo-5-nitrobenzenesulphonic Acid.—A cold conc. solution containing 
50 g. of p-nitroaniline-2-sulphonic acid, 25 g. of anhyd. Na,CO;, and 20 g. 
of NaNO, was added to dil. H,SO, and ice and then poured into KI (60 g.) 
in dil. H,SO,. The Na salt of the iodosulphonic acid (75 g.) did not react 
with finely divided Cu in boiling H,O (compare Barber and Smiles, J., 1928, 
1145). 

2-Iodo-5-nitrobenzenesulphonyl chloride (47 g.), obtained from the sodium 
salt (50 g.) and PCI, (1-75 mols.), formed colourless plates, m. p. 122—123°, 
from AcOH aq. (Found: Cl + I, 46-9. C,H,O,NCLIS requires Cl +- I, 46-7%). 

Phenyl 2-iodo-5-nitrobenzenesulphonate (24 g.), obtained from the chloride 
(20 g.), PhOH (10 g.), and anhyd. Na,CO, (6 g.) at 100°, crystallised from EtOH 
in long rectangular needles, m. p. 128—129° (Found: I, 31-35. C,,H,O;NIS 
requires I, 31-3%). 

Phenyl 4: 4’-Dinitrodiphenyl-2 : 2’-disulphonate-—(a) Phenyl 2-chloro-5- 
nitrobenzenesulphonate was heated with an eq. wt. of copper-bronze at 275°, 
the product extracted with hot o-C,H,Cl,, and the solvent removed. The 
residue of disulphonate crystallised from EtOH aq. in needles, m. p. 149— 
150°, but the yield was poor and variable (Found: 8, 11-2. CH 0, .N,8, 
requires 8, 11-5%). (b) Phenyl 2-iodo-5-nitrobenzenesulphonate (240 g.) 
and copper-bronze (240 g.) were heated at 205°. The disulphonate (112 g.) 
crystallised from the o-C,H,Cl, extract on cooling. 

dl-Phenyl Benzidine-2 : 2’-disulphonate-—The above disulphonate (11 g.) 
in AcOH (38 c.c.) was boiled for 2 hrs. with SnCl, (42 g.) in cone. HCI (38 e.c.), 
cooled, and rendered strongly alkaline. The solid was repptd. from excess 
of hot dil. HCl by alkali and crystallised from light petroleum (b. p. 60—80°)- 
Me,CO or AcOEt; small square plates, m. p. 226—227° (Found: 8, 12-6. 
C.4H,,.0,N,S, requires S, 129%). Yield, 80 g. from 120 g. of dinitro-com- 
pound. 

Optical Resolution of dl-Phenyl Benzidine-2 : 2’-disulphonate.—A solution 
of the base (10 g.) and d-camphorsulphonic acid (9-4 g.) in hot abs. EtOH 
(900 ¢.c.) deposited, on cooling, 9 g. of salt in long rectangular needles, [a]579; 
+ 216° in EtOH (1 = 4; ¢ = 0-2602; 529, = + 0:215°).° The mother- 
liquor on concn. gave 1-9 g. of salt in fine needles, [a],,5, + 14-9°, and then 
1-8 g., [a]579, + 15-2°: these two crops were combined, 

The mother-liquor, allowed to evaporate spontaneously or concentrated 
by distillation, gave salts having [a];,,, ++ 226°. No trace of d-base d-acid 
salt was obtained. 

The salts having [a];,,, + 21°5° and + 22-6° both gave inactive base 
when decomposed with cold dil. NH, aq. The mixture of salts having [a]s579; 
+ 14-9° and + 152° decomposed to give a base having [a];75, — 21-4° in 
Me,CO. 

On crystallising the partial racemate from EtOH, the rotation increased 
to [a]s79, + 24°3° (in EtOH). 

The salt having [a],,5, + 15-2°, when crystallised from EtOH, gave a salt 
with [a];-5, + 23-4°, showing that the salt had racemised in hot EtOH. 

In another resolution with d-camphorsulphonic acid (20 g. of base and 
18-8 g. of Reychler’s acid), the solution was seeded with the salt having [a]5791 
+ 14:9°.. The crop which separated had [a]s75, + 15-2° and again gave 4 
l-base. 
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During a number of experiments there were obtained crops with [a]5;79; 
intermediate between + 15° and + 20°. These on being decomposed gave 
l-base of lower rotation than did the salt having [a]),,,, about + 15°. 

A mixture of 1 mol. of dl-base with 2 mols. of d-camphorsulphonic acid 
had [a];75, + 248° in EtOH. A mixture of 1 mol. of base with 1 mol. of 
acid was very sparingly soluble in EtOH, and its rotation could not be taken. 
This clearly shows that none of the above crops could have been of the type 
1 base, 1 acid; a typical analysis of one of these crops is recorded : 0-5702 g. 
of salt, titrated with N/10-KOH, required 11-8 ¢.c. C,,H;,0,,N,S, requires 
11-9 e.c. 

The racemic base (10 g.) and /-camphorsulphonic acid (9-4 g.) were dissolved 
in 1 1. of hot EtOH. On cooling, 10-9 g. of salt were obtained having [a];79, 
— 21-4° in EtOH (1 = 4; c = 0:2464; a;,5, = — 0-21°). The conc. mother- 
liquor gave 3-3 g. of salt, [a];75, — 16°3°. This salt when decomposed gave 
a d-base having [a];,5, + 26°3° in Me,CO. As before, the partial racemate 
crystallised in long rectangular needles, and the diastereoisomeric salt in 
fine needles. On gradual or rapid removal of the rest of the mother-liquor, 
only racemic salt was obtained. No trace of the /-base l-acid salt was obtained. 

The racemic base (5 g.) and d-camphorsulphonic acid (4-7 g.) were dissolved 
in 500 c.c. of hot MeOH. On cooling, 3-3 g. of salt separated, having [a]579; 
+ 381° in EtOH (1 = 4; c = 0-2492; as29, = + 038°). This salt when 
decomposed with NH, aq. gave a base with [a];.5, + 9°9° in Me,CO. The 
salt having [a],,5, + 38-1°, after being boiled in MeOH, had [a];75, + 20-4° 
in EtOH. 

d-Phenyl benzidine-2 : 2’-disulphonate crystallised from Me,CO-light petro- 
leum (b. p. 60—80°) in leaflets, m. p. 222—223°, and had [a];.5, + 28-0° 
in Me,CO (Il = 4; ¢ = 0-1338; as.5; = + 0-15°) (Found: S, 12-9%). 

1-Phenyl benzidine-2 : 2’-disulphonate was similarly obtained, m. p. 222— 
223°, [a]s2o, — 24°6° in Me,CO (l = 4; c = 0-1524; as79, = — 0-15°). 

Preliminary experiments carried out over a year ago showed that the 
racemic base condensed with d-oxymethylenecamphor to give a compound 
which crystallised from mixtures of CHCl, or C,H, and light petroleum in 
fractions having different specific rotations. They demonstrated that the 
base was capable of optical activity, but it was found impossible to remove 
the camphor group by the ordinary methods. 


We wish to thank the Royal Society and the Chemical Society for grants. 


BEDFORD COLLEGE, 
UNIVERSITY OF LONDON. [Received, May 5th, 1932.) 





283. Glycogen. Part II. Methylation and 
Acetylation. 
By G. K. Huaues, A. K. Macsers, and F. L. Wrvyzor. 
THE complete methylation of glycogen has been accomplished by 
Haworth, Hirst, and Webb (J., 1929, 2479) by the action of methyl 


sulphate and sodium hydroxide on an acetone solution of glycogen 
triacetate. Inasmuch as the procedure was parallel to that followed 
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in the case of starch by the same workers (J., 1928, 2681) and 
practically identical constants were observed for trimethyl glycogen 
and trimethyl starch, one may fall into the error of assuming from 
those records that no difference is presented in the general behaviour 
of starch and glycogen towards methylating agents. In our previous 
paper (J., 1924, 125, 1513) such a difference was emphasised, and 
further experiments carried out prior to and since the publication 
of Haworth’s complete methylation have confirmed these results. 
Irvine and Macdonald (J., 1926, 1502) first succeeded in obtaining 
a trimethyl derivative by direct methylation of starch, but we have 
never completely methylated glycogen under similar conditions 
even after 25—30 treatments with the reagents. The methoxyl 
content (ca. 41°) of our final product accounts for some eight out of 
every nine hydroxyl groups; but it cannot on such evidence be 
contended that the product is homogeneous or that there is any 
structural reason for the arrest of methylation. Over 75% of 
the theoretical amount of trimethyl methylglucoside has been 
isolated after hydrolysis of this methylated glycogen, but the 
conversion cannot be expressed on a quantitative basis in view of 
the fractionation necessary on account of the presence of dimethyl 
methylglucoside. 

We have repeated, and fully confirm, the results obtained by 
Haworth and his co-workers on the methylation of glycogen tri- 
acetate. The efficiency of the method seems partly to lie in the 
solvent power of acetone for acetylated and partially methylated 
glycogens. In a parallel series of experiments, however, glycogen 
which had been methylated to the 36°, methoxyl stage without the 
intervention of acetylation was completely methylated only after 
many more treatments than are sufficient when the initial material 
is glycogen triacetate: a behaviour which would indicate that 
acetylation effects in the glycogen molecule or micelle some change, 
which may be more superficial than profound, since both starch and 
glycogen are undoubtedly composed of chains of glucopyranose 
units (Haworth and Percival, J., 1931, 1342; compare Karrer and 
Nageli, Helv. Chim. Acta, 1921, 4, 263). 

Other differences in the behaviour of starch and glycogen have 
been recorded (Pringsheim and Lichtenstein, Ber., 1916, 49, 364; 
Gatin-Gruzewska and collaborators, Compt. rend., 1909, 149, 359; 
Bull. Soc. chim., 1910, 7, 744). Pictet and Jahn (Helv. Chim. Acta, 
1922, 5, 640) depolymerised potato starch by heating it with glycerol, 
but we have failed to resolve glycogen or methylated glycogen into 
simpler products by such means. It is difficult to reconcile this 
behaviour with the view that the difference between starch and 
glycogen is merely one of size of the micelles, Examination of 
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trimethyl and partially methylated starch along similar lines is 
not yet completed. 

We have also observed differences in the behaviour of starch 
and glycogen in acetylations which do not involve heat treatment. 
Glycogen is acetylated readily, but “ treated ” glycogen only with 
extraordinary difficulty; on the other hand, treated starches are 
all acetylated more readily than the original polysaccharides. This 
may mean much or little, for it may only involve a surface change 
such as perhaps accounts for Bayer’s observation (Biochem. Z., 1921, 
124, 97) that glycogen when exposed to sunlight becomes insoluble 
in water—a behaviour which he attributes either to polymerisation 
or to physical alteration of the surface. The various starches them- 
selves present points of difference, potato starch, for example, 
reacting much more slowly than rice, wheat or maize starch unless 
previously treated by solution in boiling water and precipitation 
by alcohol. 

Acetolysis is observed in acetylations by this method, depoly- 
merisation of the acetates rendering them soluble in alcohol, the 
change being accompanied by some degradation to sugar acetates. 
By repeated treatment of the alcohol-soluble acetates it is possible 
to obtain depolymerised products, m. p. 151—154°, which are 
practically without reducing action: and by conversion of these 
quantitatively into «-and §-methylglucosides they can be shown 
to consist essentially of glucose units. A similar product is obtained 
from glycogen. There is no definite evidence, however, that the 
products are homogeneous derivatives and not mixtures. 

Pregl (Monatsh., 1901, 22, 1049) by acetolysis of starch isolated 
a product which molecular-weight determinations indicated was 
a triacetate of a glucose anhydride C,H,,0,;. Pringsheim (Annalen, 
1926, 450, 255; Ber., 1926, 59, 3008), Hess (Annalen, 1926, 448, 
99), and other workers have shown that cellulose and lichenin 
acetates are derived from cellosan or other anhydroglucoses. 
Molecular-weight determinations on our products in boiling benzene 
or ethyl acetate by the Menzies—Wright method revealed a molecule 
of great complexity (M, ca. 20,000), but it is possible for polymeris- 
ation to occur under such experimental conditions. 

In view of the differences in reactivity now recorded between 
starch and glycogen one will await with interest the result of the 
application to these substances of the large-scale hydrolysis of 
the methylated compounds and the quantitative fractionation of 
the products described in the case of cellulose by Haworth (Nature, 
1932, 429, 365). This method, if further work shows it to be valid, 
will supply information as to the sizes of the respective molecules, 
but there will still remain some room for doubt as to its rigid 
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application in the deduction of the actual complexities of the 
polysaccharides themselves while the acetates are taken as initial 
materials, since our experiments indicate that the process of acetyl- 
ation is not without influence on the character of these molecules.* 


EXPERIMENTAL. 


Methylation of Glycogen in Absence of Acetone.—Purified glycogen was 
dissolved in 15% NaOH aq. (160 c.c.), 35% NaOH aq. (200 c.c.) and Me,SO, 
(80 c.c.) added slowly and simultaneously at 35°, and the temp. then raised 
to 100° for 4 hr. The cooled mixture was neutralised with dil. H,SO,, and 
the partially methylated glycogen was collected after addition of (NH,),SO, 
and further methylated in presence of MeOH. The product was freed from 
Na,SO, and NaMeSO, by extraction in CHCl, under reflux, dried (Na,SO,), 
filtered, recovered, and refluxed with Et,O to remove any methylated glucoses 
present (Found: OMe, 20, 28, 32, and 36% after 1, 2, 4, and 6 methylations 
respectively). [a}?”” + 183-2° in CHCl, (c = 1-51). 

Part of this product was further methylated in the absence of Me,CO, since 
by such treatment Irvine and Macdonald (loc. cit.) prepared trimethyl] starch : 
after 13 methylations with Me,SO, and NaOH, OMe 38-1%; after 16 such 
methylations, OMe 38-9% and [a]”” + 185-7° in CHCl, (c = 1-56); after 3 
methylations with Ag,O and Mel, OMe 39-4% and [a] + 186-2° in CHCl, 
(c = 1-52); after 5 methylations with Me,SO, and NaOH, OMe 40-8% and 
[a}e” + 186-3° in CHCl, (c = 1-5) (Found: C, 52-0; H, 7:85; OMe, 40-8. 
C,,H,.0,(OMe), requires C, 52-2; H, 7-7; OMe, 41-5%]. Four further 
methylations with Me,SO, failed to raise the methoxyl content. 

Methylation of Glycogen in Presence of Acetone.—When confirming Haworth’s 
work on the methylation of glycogen triacetate we found it essential to remove 
CHCl, completely from the extracted glycogen, as otherwise chloretone was 
produced in subsequent methylation treatment and stuck with great tenacity 
to the product. 

Some of the above methylated glycogen (36% OMe) was further treated with 
Me,SO, in presence of Me,CO as in the immediately preceding work (Found : 
OMe, 41% after 4 methylations and 44% after repeated methylation). 

We found it a convenience to dissolve trimethyl glycogen in Me,CO after the 
usual purification and remove the solvent under reduced pressure: the sub- 
stance was left as a froth which broke down to an easily removable white powder. 

Hydrolysis of Methylated Glycogens.—A solution of methylated glycogen 
(OMe, 40-8%) (17-5 g.), in dry MeOH (500 c.c.) containing HCl (1-5%) was 
heated under reflux for 6 hrs. (the rotation had then the minimum value) ; 
the mixture was thereafter cooled and neutralised with Ag,CO;. The syrup 
(18-9 g.) obtained after filtration and removal of the solvent was distilled, 
yielding first runnings (1-9 g.), fraction A (10-7 g.), b. p. 119—123°/0-16 mm., 
a transitional fraction B (1-9 g.), fraction C (2°9 g.), b. p. 140—145°/0-2 mm., 
consisting essentially of a dimethyl glucose, and residue (1-5 g.). Fraction A 





* The communication by Irvine (Nature, 1932, 129, 471) has just come to 
hand which suggests that this method is not applicable in the light of work 
carried out at the St. Andrews laboratories: his experiments indicate the 
disturbing effect of acetylation on the amyloses. 
3U 
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was identified as 2 : 3 : 6-trimethyl methylglucoside; on hydrolysis with 5% 
HCI aq. it yielded 2 : 3 : 6-trimethyl glucose, m. p. 110—112° after recrystallis- 
ation from Et,0. 

Attempted Depolymerisation of Glycogen and Partially Methylated Glycogen.— 
Glycogen (5 g.) was dissolved in glycerol (50 g.) at 190° and after some time 
poured into 90% EtOH. The precipitate, washed with spirit, had physical 
constants agreeing closely with those of glycogen. 

Methylated glycogen (ca. 36% OMe) (6 g.) was heated with glycerol (60 g.) 
at 200—210° for 4 hrs.; none appeared to dissolve. The glycerol was 
decanted, and the solid dissolved in H,O, pptd. in (NH,),SO,, and purified as in 
the methylation experiments; it (upwards of 5 g.) then had OMe 35-7% and 
[a}iv" + 179-2° in CHCl, (c = 1-54) and showed in general the solubilities 
of, ‘and was as resistant to further methylation as, the original material. 

Acetolysis of Glycogen and the Starches.—Experiments were carried out 
with rice, maize, wheat, and potato starch, with glycogen, and with treated 
samples of these materials. The treated materials were obtained by grinding 
the polysaccharide (20 g.) with H,O to a smooth paste, which was poured 
into H,O (500 ¢.c.), boiled for 4 hour ,and pptd. by EtOH; the settled ppt. was 
sucked off, washed with EtOH and Et,O, and dried in a vacuum oven. 

The general procedure in the acetylation was as follows. Starch (10 g.) was 
shaken during the reaction period with Ac,O (100 g.) containing conc. H,SO, 
(5%) at room temp., and the filtered solution poured slowly into much H,O. 
The pptd. acetates were washed to remove anhydride and acid, dried, and 
extracted with EtOH under reflux; the alcohol-soluble acetate separated 
on cooling. After several such treatments the alc. solution of the acetate 
was poured into much Et,O, and repetition of this removed the sugar acetates. 
A depolymerised starch or glycogen acetate was thus obtained practically 
free from reducing action, giving an Ac value indicating an average of three 
Ac groups per C,H,,0, unit, and having m. p. within the range 150—156° 
and [a]p in CHCl, within the limits + 146° and + 159°. A few typical 
experiments are summarised below. 

Potato starch (untreated) was acetylated very slowly in all cases, approx. 

80% remaining unchanged after 6 days’ shaking. 

Potato starch (treated) had practically all gone into solution after 1 day, 
and 16 g. of acetate were isolated after pptn. and washing. Rigorous purific- 
ation raised the m. p. from 125° to 153—154°, and the alcohol-soluble acetate 
(4 g.) thus obtained was practically without reducing action. It had [a]®” 
+ 159° in CHCl, (c = 1-0284) (Found: Ac, 44-9. C,H,O,Acy requires Ac, 
44-8%). Six other experiments gave similar results. 

Experiments in which the reaction had proceeded for 2 or more days gave 
crude acetates which were more difficult to work up on account of their sticky 
nature: the yields of alcohol-soluble acetate were lower, and from the 
“* mother-liquors ’’ a syrup was isolated which crystallised slowly, was soluble 
in Et,0, and after deacetylation gave a mixture of osazones in which no sign 
of glucosazone crystals could be detected on microscopic examination. 
Experiments continued for longer than 2 days gave still greater amounts of 
reducing substances. 

Wheat starch (untreated) was acetylated in 1 day, 10 g. yielding 15 g. of 
crude acetate, from which 8 g. of purified alcohol-soluble acetate were obtained, 
m. p. 151—154°, [a}” + 149° in CHCl, (c = 0-876), Ac val. 44-3%,. 
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Maize starch (treated) behaved similarly, the acetate having m. p. 152—153°, 
(a}2” + 146° in CHCl, (c = 1-106), Ac val. 445%. 

Rice, wheat, and maize starch (untreated) dissolved in the acetylating 
mixture more slowly than the treated materials, but, in contrast to potato 
starch (untreated), were almost completely dissolved after 3 days. 

Glycogen (untreated) (5 g.) went into solution in less than a day and by 
the usual procedure 2-5 g. of purified alcohol-soluble acetate, m. p. 152—154°, 
[a}”" + 147° in CHCl, (c = 1-08), Ac val. 44:9%, were obtained. In these 
respects there is no marked difference between the product obtained from 
glycogen and the starches. 

In several experiments with glycogen (treated), reaction was remarkably 
slow: one sample remained undissolved after 6 days, and another had only 
partly dissolved even after 19 days: a behaviour which is the exact reverse of 
that observed in the case of the starches. 

Conversion of Alcohol-soluble T'riacetates into Glucose.—All the samples of 
alcohol-soluble triacetate examined may be quantitatively converted into 
methylglucoside. Rice starch triacetate (4 g.) was heated in a sealed tube at 
120° for 30 hrs. with MeOH (50 c.c.) containing HCl (2%). After neutralis- 
ation by Ag,CO,, the solution was refluxed with charcoal, filtered, and 
evaporated. The syrup (2-5 g.) obtained crystallised on nucleation and 
consisted of a- and $-methylglucosides. After a CHCl, solution had been 
heated with a few drops of acid MeOH in a sealed tube, the equilibrium value 
[a}?0" +- 108° (c = 1-530) was obtained. After crystallisation from abs. EtOH 
the glucoside had m. p. 160°. These values are in good agreement with the 
constants observed in the case of a-methylglucoside and the equilibrium 
mixture of the a- and the B-compound. 


We are indebted to Dr. John Mackay for help in preliminary work carried 
out in the St. Andrews Laboratories. 


UNIVERSITY OF ADELAIDE, 
SoutH AUSTRALIA. (Received, June 6th, 1932.] 





284. <A Study of the Polyhalides, Part III. 
Behaviour in Solution. 


By H. W. Cremer and Donatp R, Duncan. 


THE polyhalides may be divided into three classes according to their 
behaviour in solution: (1) Those containing more than one iodine 


atom, which yield free iodine by dissociation and do not suffer 


appreciable hydrolysis: these have been carefully investigated by 
earlier workers and have therefore not been examined in detail again. 
(2) Those containing one iodine atom, including the salts of the series 
RIBr,, RIBrCl, RICI,, and RICI,. In the solid state these yield 
iodine halides (IBr, IC], or ICl,) by dissociation. The iodine 
halides are decomposed by water, and the polyhalides are hydrolysed 
similarly with formation of iodate, the aqueous solutions containing 
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little or no iodine halide. The authors have investigated the nature 
of the equilibria established and the reactions of the solutions in 
some detail, there being comparatively little published data on the 
subject. (3) Those containing no iodine; these yield bromine, 
chlorine, or bromine chloride by dissociation, and suffer hydrolysis, 
as is shown by their acid reaction. The solutions contain consider- 
able quantities of free halogen. 

The experiments now described are concerned mainly with solu- 
tions of the second class. They appear to indicate that the main 
equilibrium established in solution is 5IBr,’ + 3H,O— 2I, + 
10,’ + 10Br’ + 6H’ for a dibromoiodide, and similarly for a dichloro- 
iodide, 5IBrCl’ + 3H,0 == 21, + 10,’ + 5Br’ + 5Cl’ + 6H’ for a 
chlorobromoiodide, and 5ICl, +- 9H,0 == I, + 310,’ +- 20Cl’ + 6H” 
for a tetrachloroiodide. The establishment of such an equilibrium 
may be explained as follows, potassium dibromoiodide being taken 
as an example. The compound may be assumed to ionise primarily 
to K* +- IBr,’; the anion then dissociates in the same way as in the 
dry state, viz., [Br,’ == Br’ + IBr, and the iodine bromide suffers 
hydrolysis, [Br + HOH == 10H + H° + Br’, the hypoiodous acid 
finally decomposing in the usual way : 510H == 21, + H* + I0,’+ 
2H,0. On keeping a solution, a state of equilibrium between the 
products is established. In this particular case the degree of 
hydrolysis is small and insufficient to cause precipitation of iodine, 
but with some polyhalides such precipitation does occur on standing, 
as in the case of the dichloroiodides observed by Reade (J., 1929, 853). 
Whilst these equations represent the main equilibria, it is probable 
that traces of other substances may be present (e.g., HIBr,, Brl,’, 
etc.). Solutions of chlorobromoiodides may contain the ions IBr,’ 
and ICl,’.as well as IBrCl’; this might be expected on theoretical 
grounds, and would account for the tendency of cxsium dibromo- 
iodide to separate on recrystallisation of the chlorobromoiodide. 
Such complications render it inadvisable to attempt to determine any 
equilibrium constants, but the relative degrees of hydrolysis may 
be estimated as described on p. 2040. 


EXPERIMENTAL. 

Reactions in Solution. - 

When a reagent is added to a solution of a polyhalide, if it is capable of 
reacting with one of the mols. or ions present, thereby removing it from the 
solution, the equilibrium will be displaced. Hence, towards such a reagent 
a@ polyhalide may react as if it were not hydrolysed, whereas, towards 4 
substance which reacts with one of the products of hydrolysis, it may react 
as if it were completely hydrolysed. Thus the behaviour with different 
reagents may be used in order to establish the presence or absence of the various 
ions in a polyhalide solution. In this way, evidence has been obtained for 
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the presence in KIBr, aq. of K", IBr,’, I,, Br’, HIO, I0,’, and H’, and for the 
almost complete absence of K**’, Br,, IBr, I’, HBrO, BrO,’, and complex 
kations such as KIBr’ and KBr,’. All the reactions investigated confirm the 
view that the hydrolysis follows the course described above. 

(1) Zvidence for the Existence of the Ordinary Metallic Kations in Solution.—In 
solutions of a polyhalide the metal gives its normal reactions; thus, K,SiF, 
and KCIO, are pptd. as readily from KI, aq. or KIBr, aq. as from KI or KBr 
aq. Similarly, simple salts of the bivalent metals may be pptd. from solutions 
of their polyhalides. None of the reactions affords any evidence for the 
existence of metallic kations of abnormal valency or of complexes such as 
KIBr’. That the alkali metals are present in solutions of their polyhalides 
entirely as univalent kations is further supported by their absorption spectra 
and by the quantitative data given later (p. 2040). 

(2) Evidence for the Existence of Polyhalide Anions.—Sparingly sol. poly- 
halides are pptd. whenever a solution of a polyhalide of the same series is 
added to one of a salt of the metal or base forming the insol. derivative: ¢.g., 
KIBr, + NMe,NO, = KNO, + NMe,IBr,(ppt.). Solutions of the com- 
positions HIBr,, HICI,, and HICI, act as precipitants of IBr,’, ICI,’, and ICI,’ 
respectively. These double decomp. reactions make it probable that the 
polyhalide solutions and the corresponding free acids contain the above 
anions, a conclusion which is confirmed by the absorption spectra and other 
quant. investigations. Details of these, including evidence for IBrCl’, are 
given later (p. 2040). 

(3) Evidence for the Existence of Free Halogens in Polyhalide Solutions.—It 
is well known that solutions of polybromides contain much free Br, while 
those of polyiodides contain a small proportion of their I, in the free state. 
This is shown by the high bromine v. p. of the polybromide solutions, and by 
the fact that halogens may be extracted from the solutions by, e.g., CCl,. 
When this is shaken with an M /20-solution of KIBr,, KCIBrI, KICI,, or 
KICI,, I,, but no appreciable quantity (less than 1%) of Br, or Cl, and no acid 
passes into the CCl,. Of the substances produced during the hydrolysis of 
these polyhalides, I, is evidently the only one appreciably sol. in CCl, which is 
present in more than traces. Since Br,, Cl,, IBr, ICI, and ICI, are all readily 
sol. in CCl,, the polyhalide solutions can contain very little of these substances. 
This is true even of the solutions obtained by shaking IBr and ICl with H,O. 
Table I gives the compositions of the different phases at equilibrium, when 
1 g.-mol. of IBr is shaken with 2 1. of CCl, and 20 1. of H,O at 25°. Table IT 
gives the corresponding figures for ICI. 


TABLE I. Tasie II. 


I. Br,. %. Cl,. 
Conen. in H,O... 0-°025N 0-050N  Concn.inH,O... 0-O011N 0-050N 
Conen. in CCl,... 0:227N 0-000N  Concn.in CCl,... 0-227N 0-000N 
Solid phase ...... 100% 0% Solid phase ...... 100% 0% 


By shaking conc. solutions of the polyhalides with a much larger proportion 
of CCl,, it may be shown that traces of the other halogens are extracted. 
Nevertheless, for the purpose of the quant. work described on p. 2040, this 
small trace may be ignored. 

(4) Evidence for the Existence of Monohalide Ions.—In ordinary analytical 
work, the monohalide anions are usually tested for by adding a solution of a 
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salt of a metal which forms insol. halides. When such tests are performed on 
solutions of polyhalides, they give the reactions of monohalides; but the halo- 
gens are not present entirely as monohalide ions and solutions of IBr,’, ClBrl’, 
ICl,’, and IC,’ contain no I’ions. This isin accordance with the above theory, 
and is supported by the following observations: (a) HgCl, gives no ppt. with 
solutions of these polyhalides. (b) No ppt. is obtained on mixing sat. solutions 
of KIBr, and Pb(NO,),, although PbBr, is pptd. from more dil. solutions. 
(c) When N/10-AgNO, is run slowly into a large excess of N/10-KIBr,, the Ag 
is first pptd. quantitatively as pure AgBr (Found : 0-1857 g. Calc. : 0-1867 g.). 
Soon, however, free I, begins to be pptd. simultaneously, attaining a max. when 
about 2 mols. of AgNO, per mol. of KIBr, have been added. The I, is 
destroyed by an excess of AgNO,, the reaction being complete when 3 mols. of 
AgNO, have been added. The resultant solution contains 1 mol. of KNO, 
and 2 mols. of HNO, and the ppt. is a mixture of AgBr, AgI, and AgIO,,. 
These facts are in agreement with the equation 


3KIBr, + 9AgNO, + 3H,O = 6AgBr + 2AgI + AgIO, + 3KNO, + 6HNO,. 


The course of the reaction may be explained as follows: in a solution of a 
dibromoiodide there is an equilibrium 


6IBr,’ + 3H,O => 21, + 10,’ + 10Br’ + 6H" 


Addition of AgNO, ppts. AgBr ; if AgIBr, exists at all, it must be considerably 
more sol, than AgBr, otherwise it would be pptd.; AglI is not pptd., since there 
is no I’ present, and AgIO, is not pptd. because it is 60 times as sol. as AgBr 
and the concn, of IO,’ ion in the solution is only 0-1 of that of the Br’ ion. 


The removal of Br’ from the solution causes the equilibrium to move to the 
right. Eventually a point is reached when the concn. of I, attains the sat. 
value, and thereafter it is pptd. along with the AgBr. 2 Mols. of AgNO, are 
required to ppt. all the Br’; then AglIO, is pptd., 0-2 mol. of AgNO, being 
required per mol. of original KIBr,, whilst the I, is destroyed by the AgNO,, 
3I, + 6Ag’ + 3H,O = 5AgI + 6H" +AglIO,, 0-8 mol. of AgNO, being re- 
quired per mol. of KIBr,. Summation of these equations shows that the 
completed reaction is represented by the equation already given. 

AgNO, reacts similarly with KCIBrI and KICI,. In the former case, the 
ppt. produced in the first stages of the reaction consists of pure AgBr in 
quant. yield (Found : 0-0833, 0-0837 g. Calc.: 0-0831 g.); AgCl is not pptd. 
at first, since it is nearly 15 times as sol. as AgBr. 

With KICI, the reaction follows a similar course: 3KICI], + 15AgNO, +- 
6H,O = 12AgCl + Agl + 2AgIO, + 3KNO, + 12HNO,;. The different 
stages of the reaction were established quantitatively and follow exactly the 
same lines as in the case of KIBr,. The odour of the solutions suggests that 
some substance such as HIO or HIO, may be present in appreciable quantity 
in the intermediate stages of the reactions (see Taylor, J., 1913, 108, 31). Its 
presence, however, would not be expected to affect the nature of the final 
products. 

In the above reactions with AgNO,, H,O takes part, and the action is 
evidently one between the Ag’ ions and the hydrolysis products of the poly- 
halide, rather than with the polyhalide itself. It follows that in non-aqueous 
solution, the action, if it occurs at all, must follow a different course. In a 
solvent such as MeOH, no hydrolysis can occur, and there is no evidence for 
aleoholysis with formation of MeBr and I0O,’. Thus, solutions of KIBr, and 
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AgNO,, both in MeOH, give a ppt. of AgBr and AglI, free from AgIO,, and 
much I, remains in solution even after excess of AgNO, has been added. The 
authors have investigated in more detail the reaction between M/20-solutions 
of AgNO, and IBr in MeOH, a simpler reaction which follows a similar course. 
When 1 mol. of AgNO, is run in drop by drop with constant stirring, the 
Ag and Br are completely pptd. as AgBr (Found : 0-1645, 0-1657g. Cale. : 
0-1643 g.), so that the solution has the composition of M/40-iodine mono- 
nitrate: IBr + AgNO, = AgBr + 1(NO,;). The solution is pale orange, 
but on evaporation at room temp. under reduced pressure it leaves a white 
solid residue. The product is very deliquescent and is decomposed by H,O 
with formation of free I,, HNO;, and HIO,, probably according to the equation 
5INO, + 3H,0 = 21, + HIO, + 5HNO,. Addition of another 0-5 mol. 
of AgNO, to the MeOH solution ppts. the Ag quantitatively as AgI (Found : 
0-1755, 0-1748, 0-1755 g. Calc.: 0-1755 g.), and the solution, which is 
colourless, has a composition corresponding to that of iodine trinitrate ; 
2INO, + AgNO, = AgI + I(NO,);. Excess of AgNO, produces no further 
change. Although the compositions of the solutes are those of I(NO,) and 
I(NO,),, it cannot be stated with certainty that these two nitrates are actually 
present, although this seems the simplest explanation of the results. Kappeler 
(Ber., 1911, 44, 3496) states that a nitrate or basic nitrate of tervalent I is 
formed when HNO, acts on HIO, under suitable conditions, but he gives no 
analysis. The high velocity and smoothness of the reaction and the nature 
of the products suggest that the reaction is ionic, and hence that I is capable 
of forming uni- and ter-valent kations in a non-hydrolysing strongly ionising 
solvent such as MeOH: IBr — = I° + Br’; Ag’ + Br’ = AgBr; 21° == I’ 
+I"; Ag + I’ = AgI (see also p. 2039). 

(2d) TINO, gives with KIBr, aq. a ppt. of TIBr, free I, being liberated, and 
the solution giving the reactions of a thallic salt. There is no evidence for the 
formation of either IO,’ or I’, and the reaction is probably essentially a reduc- 
tion of the IBr,’ to Br’ and free I,, 2IBr,’ +- Tl’ = TI" + 4Br’ + I, (compare 
p. 2036). 

(5) Evidence for the Existence of Halogen Oxyacids or their Anions.—There 
is no evidence for the existence of any oxy-acids of Cl or Br in solutions of 
polyhalides of the second class (p. 2031), although traces of ClO,’ or BrO’, 
may be formed when their solutions are made alkaline. Reade (J., 1929, 853) 
has obtained evidence for the presence of HIO in solutions of dichloroiodides. 
When a solution of any iodine polyhalide is made alkaline, it contains a high 
conen. of 10’, since the presence of OH’ ion shifts the equilibrium in this 
direction (see below). Some polyhalide solutions give a slight ppt. of Ba(IO,), 
with BaCl, aq. indicating the presence of IO,’ in the solution, and di- and 
tetra-chloroiodides sometimes give iodates on attempts to crystallise them 
from water. Iodate is also formed when the equilibrium is disturbed by the 
removal of halide or H’ ions (p. 2034 and below) or of free I, by means of an 
org. solvent (p. 2040). 

(6) Evidence for the Existence of Hydrogen Ions.—Solutions of trihalides 
containing one I atom, but not those containing more than one, show a strong 
acid reaction to indicators; this is in accordance with the hydrolysis theory 
already advanced (p. 2032); ¢.g., the acidity of solutions of IBr,’ is due to 
partial hydrolysis : 51Br,’ + 3H,O == 2I, + 10,’ + 10Br’ + 6H". Onedding 
anexcess of NaHCO, to KIBr,aq.,the H’ ions are removed and the hydrolysis is 
carried to completion. The reaction is approx. 5KIBr, + 6NaHCO, = 
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3H,O + 6CO, + 21, + 10,’ + 10Br’ + 5K" + 6Na’: it was found that 1-18 
mols. of NaHCO, were required to destroy 1 mol. of KIBr, (theory, 1-20) and 
that the solution contained considerable Br’, a smaller concn. of IO,’, and 
traces only of I,, 10’, and BrO,’, free I, being pptd. and CO, evolved. A 
similar reaction occurs when NaOH aq. or KOH aq. is run into KIBr, aq., I, 
being pptd. and then redissolved by excess of alkali, the resultant solution 
containing Br’, I’, IO’, and IO,’. On acidifying such a solution, the polyhalide 
is re-formed. Similar reactions occur with other dibromoiodides, and with 
chlorobromo-, dichloro-, and tetrachloro-iodides. With NH,, impure NI, is 
pptd. (J., 1930, 2750). 

(7) Action of Reducing Agents on Polyhalide Solutions.—When a solution 
of a polyhalide containing 1 I at. is acted upon by a reducing agent, it is first 
reduced to bromide or chloride, the I, being first precipitated in the free state 
(e.g., 2KIBr, + 2H = 2KBr + 2HBr + I,), and then reduced by an excess 
of a sufficiently strong reducing agent to HI. The intermediate pptn. of I, 
is bound to occur, since monoiodides react with these polyhalides with liber- 
ation of I,, e.g., KI + KIBr, = 2KBr + 1,; excess of iodide brings about 
the formation of polyiodide; in the case of organic polyhalides the polyiodide 
is often sparingly sol. and remains undissolved. Polyhalide solutions (e.g., 
KIBr, aq.) are reduced in the above way by nascent H, (quantitatively), Mg 
powder (even in the absence of acid), SO, (quantitatively in dilute sol. : 
2KIBr, + 2H,O + SO, = 2KBr + 2HBr + I, + H,SO,; I, + 2H,O + SO, 
=2HI + H,SO,), H,S, Fe” salts, ferrocyanides (oxidised to ferricyanides), etc. 
Nitrites precipitate I,, slowly if no acid is added but immediately in the pre- 
sence of acid, presumably according to the equation NaNO, + 2KIBr, + 
H,O = NaNO, + 2KBr + 1, + 2HBr. The reduction does not proceed 
further in this case, since mono- and poly-iodides are oxidised by acid solutions 
of nitrites, e.g., 2NaNO, + 2KI, + 4HX = 2NaX + 2KX + 2H,0 + 2NO+ 
3I,. 

The reactions between polyhalides and Na,S,O, are of particular interest 
owing to the importance of the tri-iodide—thiosulphate reaction in volumetric 
analysis. In an ordinary ‘iodine ’ titration, the reaction may be represented 
by I,’ + 28,0,” = 31’ + 8,0,”. When, on the other hand, free bromine or 
tribromide solutions are titrated directly with Na,S,O,, this is oxidised almost 
entirely to sulphate. Solutions of dibromo- and tetrachloro-iodides give 
intermediate results, the relative proportions of 8,0,” and SO,” formed 
varying largely according to the rate of titration and other conditions. 

The quant. oxidation of Na,S,0, to Na,S,0O, by means of a dibromoiodide 
is represented by the equation (a) IBr,’ + 28,0,” = I’ + 2Br’ + 8,0,”, 
strictly analogous to that for the I,’ reaction, and the quant. oxidation to SO,” 
would follow the equation (b) 4IBr,’ + 8,0,” + 5H,O = 4I’ + 8Br’ + 
280,” + 10H’. When KIBr, aq. is run slowly into Na,S,0, aq., 99% of the 
KIBr, reacts according to equation (a), but when the order of addition is re- 
versed, only about 50% so reacts. If, however, the KIBr, aq. is first satur- 
ated with KBr, in order to suppress its hydrolysis, 94—-97% reacts according 
to (a). This suggests that the IBr,’ ion reacts in the same way as the I,’ ion, 
oxidising the Na,S,O, to Na,S,0,, and that it is the HIO, or HIO formed by 
hydrolysis which causes the formation of SO,”. Since the addition of acid 
also tends to suppress the hydrolysis of dibromoiodides, one would expect less 
SO,” to be formed in an acidified solution, an effect which has been confirmed 
experimentally. Thus, in a solution containing 8% of HCl, reaction (a) 
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occurred to the extent of 52%, while in one containing 25% of HCl it occurred 
to the extent of 68%. When the Na,S,0, aq. is run drop by drop into the 
KIBr, aq. in the absence of added bromide or acid, with constant stirring, the 
reaction occurs in well-marked stages. In the first, I, is pptd. and SO,” and 
acid are formed, apparently according to the equation 8IBr,’ + 8,0,” + 
5H,O = 16Br’ + 4I, + 280,” + 10H’, the reaction probably occurring via 
the hydrolysis products of the KIBr,. The quantity of IBr,’ destroyed and 
that of acid formed, per c.c. of Na,S,O, aq. run in, agree with those required by 
this equation during the early stages of the reaction. The subsequent reaction 
consists merely in the redissolution of the I, as polyiodide, which oxidises 
the 8,0,” to 8,0,” in the ordinary way, no more sulphate being formed. 
Although the reaction occurs in stages, the final result is the same as if the 
reactions (a) and (6) occurred simultaneously and to the same extent, 4IBr,’ 
reacting according to (a) and 4IBr,’ according to (6). 

With ICI,’ solutions, the reaction producing 8,0,” occurred to the extent of 
about 40% (mean of several experiments), and with tribromide or free bromine 
solutions to about 7%. The exact proportion of SO,” and 8,0,” formed, 
however, varies with the method of titration. 

In order to determine a polyhalide by Na,S,O, titration, an excess of 
KI aq. should first be added to convert all the polyhalide into polyiodide, 
which can then be titrated quantitatively. 

(8) Action of Oxidising Agents on Polyhalide Solutions.—Powerful oxidising 
agents such as acid KMnO, oxidise solutions of dibromoiodides and dichloro- 
and tetrachloro-iodides to iodate, with liberation of Br, or Cl,, but no I, : ¢.g., 
KIBr, + 30 = KIO, + Br,. 

(9) Action of Halogens on Polyhalide Solutions.—Halogens may act on 
polyhalides in aq. solution, causing either addition, substitution, or oxidation 
of the type just mentioned. For instance, Cl, passed through an aq. solution 
of a dichloroiodide, first forms tetrachloroiodide, which is converted by 
excess into IO,’: e.g., KICl, + Cl, = KICI,; KICl, + Cl, + 3H,O = 
KIO, + 6HCI (Part I, J., 1931, 1864). Dibromoiodides react similarly after 
the Br, has been liberated (e.g., KIBr, + Cl, = KICl, + Br,). From 
polyiodides I, is liberated. The action of Br, is similar to that of Cl, in all 
these cases, but I, has little or no action. The reaction KIBr, + 2Br, +- 
3H,O = KIO, + 6HBr was found to be reversible. On mixing KIBr, aq. 
and Br, aq. in the proportion indicated by this equation, the colour fades 
considerably but not completely, and the solution gives the reactions of both 
10,’ and IBr,’. A similar solution is obtained on adding HBr aq. to KIO, aq. 
When a large excess of Br, is used, the product no longer gives the reactions of 
a dibromoiodide (¢.g., a ppt. of I, with NaHCO, and of NI, with NH,), but it 
gives those of IO,’ (e.g., a ppt. with BaCl, aq., not given by the KIBr, aq.) 
and of Br’. Also, as indicated in Table ITI, the obs. solubility of Br, in KIBr, 
solutions of different concn., at 25°, agrees with the assumption that oxidation 
to IO,’ is almost complete in solutions satd. with Br,. 


TaBLeE III. 


Molarity of KIBr, solution 0-013 0:0415 0-063 
Solubility of Br, (mols./l.), obs. ..........+. 0-20 0-27 0-48 0-58 
Solubility of Br, (mols./I.), calc. 0:27 0-46 0-58 


In calculating the values, it is necessary to allow for the high sol. of Br, in the 
HBr formed during the reaction. The experimental data do not provide any 
3uU2 
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evidence concerning the existence of tetrabromoiodides in aqueous solution ; 
they are unknown in the solid state. 

(10) Action of Stabilisers on Polyhalide Solutions.—Theoretically, if to a . 
solution of a polyhalide we add one of the substances formed by its hydrolysis 
(e.g., in the case of a dibromoiodide, free I,, IO,’, H’, or Br’), the equilibrium, 
as given on p. 2032, will be shifted towards the left, i.c., hydrolysis will be 
suppressed, and the reactions which are due to the presence of hydrolysis 
products should be inhibited. Owing to its sparing solubility, it is impossible 
to increase the concn. of I, appreciably. The stabilising action of IO,’ is not 
very pronounced in the case of a trihalide, since only one 10,’ ion is produced 
for every 5 polyhalide ions hydrolysed. The stabilising influence of acidific- 
ation is far more pronounced, as would be expected from theory, and the in- 
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fluence of acid on the reaction between IBr,’ and 8,0,” is also in accordance 
with the belief that addition of H’ ions suppresses hydrolysis, just as their 
removal (addition of alkali) brings about hydrolysis. The stabilising action 
of acid may also be due, in part, to formation of stable un-ionised mols. of 
hydrogen polyhalide, e.g., HICI, (see Table V). ‘The addition of monohalide I 
also has a considerable suppressing effect on the hydrolysis, as shown by the 1 
results of work on the CCl, equilibrium (p. 2041), the absorption spectrum a 
(see below), thiosulphate reaction (p. 2036), etc. Dichloroiodide solutions ie 
which deposit I, on standing are generally stable in the presence of a sufficient I 
excess of Cl’, while dibromoiodide solutions which have been saturated with KBr 
do not give a ppt. of I, even when made neutral or alkaline, an effect due partly gi 
to the suppression of hydrolysis by the Br’ ions and partly to the high solubility a 
of I, in KBr aq. (presumably due to the formation of the ion I,Br’). Addition e 
of K salts, other than KIO, or halide, to a solution of a K polyhalide has no 
apparent effect on its absorption spectrum and chemical properties, showing t] 
_that the K atom does not enter into the hydrolysis equilibrium. 
Absorption Spectra. gi 
During our work on these absorption spectra, papers on the subject were 
published by Gilbert, Goldstein, and Lowry (J., 1931, 1092) and by Gillam and C 
Morton (Proc. Roy. Soc., 1931, A, 182, 152). Since we had independently Ls 
arrived at almost the same conclusions as these investigators, it is not necessary ec 
to discuss the matter in detail, but we record our numerical data in Table IV. w! 
TaB.e [V. - 
Ain pp. 700 650 600 570 550 540 530 520 510 sn 
1. KIBr, in sat.aq. KBr 0-1 O11 O68 16 26 42 62 86 115 
2. Dibromoiodides ...... 10 Ll 14 32 62 10-0 12-1 wl 
3. C;H,NIBr in MeOH 13 21 33 5&7 86 II-l 
4. [Brin MeOH ......... 16 18 3 7 10 Ag 
5. KIBr, in aq. starch di: 
SOIR. cam eysaceqernness 8 13 .26 70 123. 165 
Ge SEP TE Gy cccsccccsces 10 18 28 68 126 168 bh 
Ain pp. 530 520 510 506 490 480 470 460 450 440 430 425 
7. KIBr, in H,O 13 16 18 21 29 47 64 77 | 
8. IBr in MeOH 34 650 77 96 139 179 226 266 289 296 thi 
9. IBrin CCl, ... 210 275 333 359 357 351 341 300 244 191 138 116 
the 


The figures give the value of k in the equation ked = log,)5 I,/I. The results 
were obtained visually, in Expts. 6 and 7 by means of a revolving sector 
apparatus and in the remainder by using a Nutting photometer. In Expts. 1—4 
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the solutions were M/20; but in the others, more dil. In these dil. solutions 
the value of k is not altered greatly by variation of the conen. Within 
the limits of experimental error, the same values (Expt. 2) were obtained for 
the dibromoiodides of K, NH,, and C,H,;N’H in both MeOH and H,O. The 
identity in absorption spectrum of the different dibromoiodides confirms the 
view already expressed that the metal or base does not form part of the 
complex ion, and that the degree of dissociation of the different polyhalides of 
the same series is independent of the kation. Gilbert, Goldstein, and Lowry 
observed a difference in intensity of ultra-violet absorption between solutions 
in H,O and in EtOH, which they attributed to hydrolysis in the former solvent, 
although the present work does not bear out their ideas as to the nature of the 
hydrolysis. For instance, the action H,O + RI, == ROH + HI, does 
not occur when ROH is a strong base, while the equilibrium ICI,’ == I’ +Cl, 
is impossible owing to the action of Cl, on the I’ ion (an irreversible reaction 
producing Cl’ ions and free I,) and is further untenable since the present work 
indicates definitely that the aq. solutions of dichloroiodides contain free I, 
but no free Cl,. The fact that no difference is observable in the visible region 
between solutions of dibromoiodides in H,O and those in MeOH may be 
attributed to similarity in absorption spectrum between the dibromoiodide 
ions and the products of hydrolysis, and to the small degree of hydrolysis of 
IBr,’. 

Solvation probably occurs in H,O and in MeOH but not in CCl. The 
similarities and differences in spectrum are accounted for satisfactorily by 
assuming the following equilibria, which, from general considerations, would be 
expected to be established : 

(1) KIBr, in sat. aq. KBr: all hydrolysis and dissociation suppressed by 
the bromide ion, the chief absorbent being IBr,’. 

(2a) Dibromoiodides in H,O: see p. 2032. 

(2b) Dibromoiodides in MeOH; IBr,’ == Br’ + IBr, and the equilibria 
given in (4) below. \ 

(3) C;sH,NIBr in MeOH: C,H,NIBr — = C,H,N + IBr; possibly also 
C,H,NIBr —— C,H,;NI + Br’ (compare Cremer and Duncan, J., 1931, 
1861, 2250; Williams, ibid., p. 2783). When this solution is mixed with an 
equimol. quantity of AgNO, in MeOH, quantitative pptn. of. AgBr occurs, 
which, however, would be expected according to both these modes of dissoci- 
ation. 

(4) IBr in MeOH: IBr —— I + Br’; Br’ + IBr —— IBr,’; and, to a 
small extent, 2IBr — = I, + Br,. 

These equilibria must, presumably, also be established in all the above cases 
where IBr is formed in MeOH aq. by dissociation. The simple reaction with 
AgNO, (p. 2034) depends on the insolubility of AgBr, the equilibria being 
displaced by removal of Br’ ions. 

(5) KIBr, and starch: the intense coloration is probably analogous to the 
blue colour obtained with a tri-iodide and starch. 

(6) IBr in CCl,: 2IBr —= I, + Br,, the ionic reactions not occurring in 
this solvent. 

The free acids HIBr,, HICI,, and HICI, give absorption spectra similar to 
those of their salts. 

Solutions of IBr in different solvents show a variation in colour similar to 
that shown by I, solutions, due, no doubt, to variation in solvation and in the 
equilibrium constants of the above reactions. The solutions in general show 
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one broad absorption band, and are quite different from the superimposed 
absorption spectra of I, and Br,. There is a gradual change in the position of 
max. absorption, from the green for non-solvating solvents such as ligroin, 
C,H,, CCl, (600 zp), C,H,Me,, and tetrahydronaphthalene, through the blue 
for solvents such as CCl,, ethylene dichloride and dibromide, and C,H,*NO,, 
to the violet for solvating solvents such as glycerol, Et,0, AcOH, COMe,, 
EtOH, and MeOH (420 yz). For the dibromoiodides, where the IBr is defin- 
itely combined, the max. absorption is at 390 yy, while for the compound with 
C,;H;,N it is in the ultra-violet. 


Equilibria between Aqueous Solutions of Polyhalides and Carbon Tetrachloride. 


The effect of shaking CCl, with an aq. solution of a polyhalide has already 
been mentioned (p. 2033). The concn. of I, in the CCl, at equilibrium is a 
measure of the relative degrees of hydrolysis of the different polyhalides of 
the type under investigation, a high value indicating a relatively high concn. 
of free I, in the aq. layer and consequently considerable hydrolysis. For a 
polyhalide which undergoes considerable hydrolysis with pptn. of I,, the 
addition of a small quantity of CCl, merely dissolves some of the pptd. I, and 
does not disturb the equilibrium. In the case of polyhalides which do not of 
themselves give a ppt. of I,, CCl, causes an increase in the degree of hydrolysis, 
but if the temp., concn. of the aq. solution, and proportion of CCl, are fixed, 
the conens. of I, in the CCl, in equilibrium with different polyhalides will be 
in the same order as the degrees of hydrolysis. In the cases given in Table V, 
the CCl, was shaken with 10 times its volume of an M/20-aqueous solution 
of each polyhalide at 25° until equilibrium was reached, 3 days sufficing. 
Col. 1 gives the composition of the solute; the properties of the solution, 
including the equilibrium with CCl, are independent of the mode of prep. 
and depend only on the composition and temp., so it is possible to obtain data 
for solutions of compounds which cannot be isolated in the solid state (e.g., 
NalIBrCl and the free acids). Col. 2 gives the % of the total I which remains 
in the aq. layer, col. 3 the % present in the CCl, and col. 4 the % pptd. as solid 
I, (cale. by diff.). Col. 5 gives the % hydrolysis, which is assumed to take 
place according to the simple equations on p. 2032, the intermediate products 
being neglected; there is, however, probably a considerable concen. of HIO 
in the solutions. 


TABLE V. 

1 ‘a ae ay 1. ‘eadin Sag ogghy | 
ae 6 4 0 18 NalIBr(\...... 53 45 2 61 
TS 6 4 0 213 alee 50 45 6 65 
By ccssasaaucs 91 #9 0 24 ~ on a ea 46 45 9 70 
KIBr, ......... 78 22 #0 29 KICh wu... 36 45 19 83 
a 77 23 #0 30 °&NailCi, ...... 34 45 21 86 
NH, IBr,...... 165 25 0 33 NH, ICI, «..... 33 45 22 87 
HIBrCl ...... 64 36 0 47 phd a 23 45 32 100 
KIBr(l ...... 55 45 Csi 


Within the limits of experimental error the figures are the same for all 
polyhalides belonging to the same series, showing that the metal does not 
enter into the equilibrium in dil. solution (compare J., 1931, 2249; this vol., 
p. 2039). These results agree with qual. observations of the stabilities of the 
solutions; thus, M/20-solutions of the tetrachloro- and dibromo-iodides, ICI,, 
and the free acids HICl,, HIBr,, and HIBrCl are stable, whereas those of 
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chlorobromo- and dichloro-iodides deposit I, on standing, IBr and ICI also 
being decomposed with separation of I,. The polyhalides are all hydrolysed to 
a smaller extent than the iodine halides from which they are derived; this may 
also be expressed by the statement that the hydrolysis of the iodine halides is 
suppressed by increasing the concn. of monohalide ions. This observation is 
in agreement with the assumption that stable complex ions are formed con- 
sisting of a compound of the iodine halide with monohalide ions. It is very 
difficult on any other assumption to account for this effect, and in particular 
to account for the fact that chlorides suppress the hydrolysis of IBr; although 
this effect is not very great with dilute solutions, it becomes very pronounced 
with cone. solutions of chlorides. Neutral salts, other than halides and 
iodates, have no effect on the hydrolysis of iodine halides, while acids suppress 
hydrolysis, the suppressing action of acid and iodate being less with the more 
stable compounds. 

The difference between the two chlorides of iodine as regards behaviour to- 
wards water is very striking : ICI, dissolves to form a clear solution which may 
be kept indefinitely without separation of I,, whereas ICI is almost completely 
hydrolysed. In the former case it is possible that hydrolysis may occur 
without liberation of I, (e.g., ICl, + H,O — = OIC] + 2HCl, or ICi,+. 
2H,O —= HIO, + 3HCl). In the above investigation, owing to the very 
small concen. of halogen found in the CCl, layer in the case of IC], and the tetra- 
chloroiodides, it is difficult to prove that only I, was extracted, as was done in 
the other cases, and it is possible that the solutions contain ICI,, as such or in 
an ionised condition. There is some evidence for the presence of tervalent 
iodine kations: thus ICI, aq. gives with H,SO, a ppt. which is said to be 
iodine sulphate (Mellor, ‘‘ Comprehensive Treatise, etc.,’’ 1922, Vol. II, p. 121). 
On the other hand, Faull and Baeckstrém (J. Amer. Chem. Soc., 1932, 54, 620) 
have shown by a simple transport method that a solution of IC] in HCl aq. 
contains no iodine kations, the I being present in the anion. Repetition of 
this experiment with IC], might give interesting results. The difference 
between ICI, and the tetrachloroiodides, on the one hand, and ICI and the di- 
chloroiodides, on the other, may be due to the existence in aq. solutions of the 
former of relatively stable tervalent iodine kations, whereas univalent iodine 
kations are not stable in aqueous solution. Most of the known salts of I 
contain this element in the tervalent state. 


Summary. 
The polyhalides may be divided into three classes according to 
their behaviour in aqueous solution, viz., (1) compounds formed 
from free iodine and monohalides ; their solutions contain polyhalide 
ions, monohalide ions, and free iodine, but no hydrolysis products 
(iodate, acid, ete.); (2) compounds of iodine halides with mono- 
halides; their solutions contain polyhalide ions, monohalide ions, 
and the products resulting from the hydrolysis of the iodine halides, 
but no appreciable concentration of iodine halide itself; (3) com- 
pounds of bromine, chlorine, or bromine chloride with monohalides ; 
their solutions contain polyhalide ions, monohalide ions, free halogens, 
and the hydrolytic products of the last (e.g., bromic acid). 
The nature of the equilibria existing in aqueous solutions of 
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polyhalides of the second class has been established ; their reactions 
have been examined in detail and measurements made of absorption 
spectra and of the degree of hydrolysis as indicated by partition 
experiments with carbon tetrachloride. 

Evidence is given for the existence, at least in methyl-alcoholic 
solution, of iodine mononitrate, INO,, and iodine trinitrate, I(NO5)s, 
and of the ions I’ and I". The possibility of the existence of these 
ions in aqueous solution is also considered. 

The nature of the equilibria in solutions of iodine monobromide 
and its additive compounds (KIBr,, C;H;NIBr, etc.) in various 
solvents is also discussed. 


Krna’s CotteaEe, LonpoN. [Received, May 20th, 1932.] 





285. Benzenesulphonyl Fluoride Derivatives. 
By Wiiu14Mm Davies and J. H. Dick. 


In an unsuccessful attempt to prepare o-fluorosulphonylbenzoyl 
fluoride (I) with the view of investigating the possibility of the 
change into (II), the juxtaposition of the sulphony! fluoride group 


and an o-substituent has been observed to cause one or other of 
the groups to exhibit anomalous behaviour. 
The dichloride (III), when treated with an inorganic fluoride 


COF CF oc! CHO 
@: C Siro 0,C! es 

(1.) (II.) (III.) 
CO CH, 


A — O nen > SS O 
\Z _ i, 
O» 


SO, 

(VI.) (VII.) (VIII.) 
under conditions which transform the COC] and the SO,Cl group, 
present separately, into the corresponding fluoride (J., 1931, 2104), 
is unchanged or converted into o-sulphobenzoic anhydride. The 
p-acid dichloride reacts with aqueous potassium fluoride to give a 
44% yield of p-fluorosulphonylbenzoic acid. A still more pro- 
nounced difference in behaviour is shown in the oxidation of o- and 
p-toluenesulphony] fluorides in non-alkaline media: a good yield 
of p-fluorosulphonylbenzoic acid is obtained, but the o-compound 
is destroyed or recovered unchanged. So great is the selective 
action of oxidising agents that a mere trace of the p-isomeride in 
o-toluenesulphonyl chloride is detected by conversion into the 
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fluoride and oxidation of the product; the high-melting p-fluoro- 
sulphonylbenzoic acid is then obtained. 

To facilitate the oxidation of the side chain o-toluenesulphonyl 
fluoride has been chlorinated. Unlike the p-compound, it loses 
weight on chlorination owing to elimination of the sulphonyl group. 
The following reactions probably take place, the methyl group being 
simultaneously chlorinated : 


R‘SO,F + Cl, = RCl + SO,CIF (unknown) 
R‘SO,F + Cl, = RF + SO,Cl, 


These two equations are supported (p. 2044) by the isolation of a 
mixture of oschlorobenzylidene chloride and a compound containing 
fluorine in the nucleus. (0-Toluenesulphonyl chloride also readily 
loses its sulphonyl group on chlorination at a high temperature, 
and the method has been used to produce o-chlorobenzylidene 
chloride in 735% yield.) By chlorinating o-toluenesulphonyl 
fluoride very rapidly at a high temperature, a moderate yield of 
«-chloro-o-toluenesulphonyl fluoride is obtained, which is converted 
(via the iodo-fluoride) into w-hydroxy-o-toluenesulphonyl fluoride 
(VII). This aleohol cannot be oxidised to give (V), as the aromatic 
sulphonyl] fluoride group which is normally so unreactive (Davies 
and Dick, loc. cit.) readily loses its fluorine to form the sultone (VIII). 

Benzaldehyde-o-sulphonyl fluoride (IV), obtained in a moderately 
purecondition by theaction of chromylchloride on o-toluenesulphonyl 
fluoride, is oxidised by exposure to the atmosphere to (V). This 
compound, however, has not been isolated in the pure state because 
under the above conditions it loses hydrogen fluoride to form (VI), 
the latter being then converted into o-sulphobenzoic acid. The sur- 
prising activity of the fluorine atom is here also doubtless due to the 
tendency to ring formation in the ortho-position. 

o-Cyanobenzenesulphonyl fluoride also has anomalous properties. 
The cyano-group is not attacked or hydrolysed by cold acid 
hydrolytic reagents, and in ether it is not affected by dry hydrogen 
chloride, bromide or iodide, whereas benzonitrile is immediately 
attacked even by hydrogen chloride. 

In order to ascertain whether the unexpected reactions of the 
o-compounds are due to the proximity of the two groups; the 
corresponding p-compounds have been prepared in certain cases for 
comparative purposes. The p-analogues of (V) and (VII) are stable 
compounds, the sulphonyl group showing the usual inertness and 
not interfering with the normal reactions of the other group present. 
It is evident from this that the tendency to form a stable ring 
(in the o-position) can modify profoundly the properties of one of 
the groups responsible for such ring formation. 
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EXPERIMENTAL. 


o- and p-Chlorosulphonylbenzoyl Chlorides.—In each case the toluene- 
sulphony! chloride is hydrolysed with KOH aq. and oxidised with alkaline 
KMnO, aq. to potassium sulphobenzoate. Acidification with HCl aq. and 
evaporation to dryness gives a mixture of KCl and potassium sulphobenzoate, 
which is dried at 150° and heated with a 20% excess of PC], on the water-bath 
for 2 hrs., the product being poured on ice and worked up as follows : 

Ortho. The oil is extracted and dried (Na,SO,)in C,H, and distilled at 2 mm.: 
5 g. of o-chlorobenzoy! chloride (b. p. 228—236°/760 mm.) are obtained and 
then 100 g. of (III), b. p. 187—188°/2 mm., m. p. 40° (Scheiber and Knothe, 
Ber., 1912, 45, 2254). 

Para. Thesoliddichlorideis dried in Et,0 and recryst. from light petroleum ; 
m. p. 55—57°: about 10% of the product does not dissolve in this solvent, 
has m. p. 242° after several recrystns. from anisole, and has not been identified. 

Treatment of the Dichlorides with Zine Fluoride.—When a solution of the 
o-dichloride in dry C,H, or light petroleum (b. p. 60—80° or 80—100°) is 
heated with dry ZnF, for 5—18 hrs., a small amount of o-sulphobenzoic 
anhydride only is obtained [m. p. 124—125°. Found: H.V. (see Davies and 
Dick, loc. cit.), 10°82 c.c. C,H,O,8 requires 10-87 c.c.] apart from unchanged 
chloride. Nothing further is produced when no solvent is used, either at 
room temp. or at 100°, or when NaF or AgF is substituted for ZnF,. 

When the p-dichloride (20 g.) is refluxed for 48 hrs. in C,H, with excess of 
ZnF, (or ZnCl,), unchanged chloride (10 g.) and pp’-bischlorosulphonylbenzoic 
anhydride (4 g.), plates, m. p. 197°, from anisole or xylene [Found : Cl, 16-8; 
S, 15-5; M (Rast), 418; H.V., 14-31 ¢.c. C,,H,O,Cl,S, requires Cl, 16-8; 
8S, 15:1%; M, 423; H.V., 14:24 c.c.], are obtained. 

Treatment of the Dichlorides with 70% Potassium Fluoride Solution.—The 
o-dichloride is completely hydrolysed after 12 mins. by boiling KF aq. 

When the p-dichloride (10 g.) is refluxed with KF aq. (10 c.c.) for 8 min., 
and the liquid is diluted and filtered, p-fluorosulphonylbenzoic acid is obtained 
(3-75 g., m. p. 271° after recrystn. from H,O) (Steinkopf, J. pr. Chem., 1927, 
117, 28). 

Chlorination of o-Toluenesulphonyl Fluoride.—174 G., chlorinated at 140— 
175°, first lose wt. and then after 57 hrs. gain 16-5 g., HCl and a gas forming 
H,SO, still being produced. A cryst. mixture (48 g.) of w-mono- and 
dichloro-o-toluenesulphony] fluorides is formed and the filtrate, on distillation 
at 20 mm., gives a fraction (97 g.) at 115—147°. From this, at 224—232°/ 
ord. press., a substance is obtained which contains no S, etches the glass when 
heated with fuming HNO, in a sealed tube at 150—200° for 2 days, and when 
boiled with ale. NaOH for 18 hrs. (Found: H.V., 10-72 c.c. C,H,F-CHCI, 
requires 11-18 c.c. C,H,Cl-CHCl, requires 10-12 c.c.) gives a product which 
is oxidised by KMnQ, to o-chlorobenzoic acid, m. p., and mixed m. p. 
137—139°. 

w-Chloro-o-toluenesulphonyl fluoride, colourless lachrymatory prisms, m. p. 
69°, after crystn, from light petroleum, is obtained (70 g.) when o-toluene- 
sulphony] fluoride (174 g.) is chlorinated at 180—200° for 11 hrs., the process 
after 54 hrs. and again 3 hrs. later being interrupted, the product cooled, the 
crystals collected, and the filtrate rechlorinated [Found: F, 9-0; H.V., 
14-41 c.c. C,H,O,CIFS requires F, 9-1%; H.V. (for both Cl and F), 14-38 c.c.]. 

w-Iodo-o-toluenesulphonyl fluoride, quant. made by boiling w-chloro-o- 
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toluenesulphonyl fluoride with NaI in Me,CO for 30 mins., forms very lachry- 
matory, colourless plates, m. p. 85—86° [Found: F, 6-4; H.V., 9-84 c.c. 
C,H,O,IFS requires F, 6-3%; H.V. (for both I and F), 10-00 c.c.]. 

Chlorination of 0o-Toluenesulphonyl Chloride.—After an initial loss of wt., 
o-toluenesulphony] chloride (95} g.), when chlorinated at 92—93° for 36 hrs., 
gives o-chlorobenzylidene chloride (72 g.), b. p. 225—232°, n\8° 1-5670. 

Chlorination of 95} g. for 54 hrs. at 110—130° in presence of a trace of 
PCl, gives a product (91 g.) which contains o-chlorotoluene (11%), o-chloro- 
benzyl chloride (20%), unchanged o-toluenesulphonyl chloride (25%), and 
w-chloro-o-toluenesulphonyl chloride (7 g.; 6% yield), b. p. about 175°/22 mm., 
needles, m. p. 46°, from light petroleum [Found : H.V., 13-27¢.c. C,H,O0,C1,8 
requires (for both Cl’s) H.V., 13-34 c.c.]. The last substance is converted into 
w-chloro-o-toluenesulphony] fluoride, m. p. 69°, by KF aq. 

Chlorination of p-Toluenesulphonyl Fluoride.—Side-chain chlorination here 
takes place without much loss of the sulphonyl group. p-Toluenesulphony] 
fluoride (174 g.), chlorinated at 160—210° for 7 hrs. until it gains 32 g. 
(theoretical, 34-5 g.), gives w-chloro-p-toluenesulphonyl fluoride, b. p, 148— 
152°/20 mm., in 62-4% yield (130 g.). This forms long plates, m. p. 56°, 
from light petroleum and is only very slightly lachrymatory (Found: F, 
9-2; H.V.,14-54¢.c. C,;H,O,CIFS requires F, 9-1%; H. V., 14-38 e.c.). 

w -Iodo-p-toluenesulphonyl fluoride, made in the same way as the o-isomeride, 
erystallises from light petroleum in long plates, m. p. 106°. This again is not 
nearly so lachrymatory as the o-compound (Found : F, 6-4%; H.vV., 9-78 c.c. 
C,H,O,IFS requires F, 6-3%; H.V., 10-00 c.c.). 

Preparation of w-Hydroxytoluenesulphonyl Fluorides.—When w-chloro-o- 
toluenesulphony] fluoride is boiled with aq.-ale. Ag,O suspension, or Ag,SO, aq., 
hydrolysis of the SO,F occurs more readily than removal of Cl and con- 
sequently, although AgCl is pptd., no w-hydroxy-o-toluenesulphony! fluoride 
is produced. Further, in contrast to most aromatic monosulphony] fluorides, 
this compound is hydrolysed about 50% when boiled with H,O for 3 hrs. 

w-Hydroxy-o-toluenesulphonyl fluoride is, however, prepared in 10 mins. by 
heating w-iodo-o-toluenesulphony] fluoride (30 g.) in aq. EtOH with Ag,O. 
After filtration from AgI and dilution with H,O, an oil (11 g.) is obtained, 
and also the sultone of w-hydroxy-o-toluenesulphonic acid as a white cryst. 
solid (4-2 g.), m. p. 112—113° (Found: H.V., 5-92 c.c. C,H,0,8 requires 
H.V., 5-88 c.c.). The oil has b. p. 128—130°/1 mm. (9-5 g.) (Found: F, 
94; H.V., 9-84 c.c. C,H,O,FS requires F, 100%; H.V., 10°52 c.c.): the 
discrepancy is due to sultone from which it could not be further purified by 
distillation. 

w-Hydroxy-p-toluenesulphonyl fluoride is prepared in a similar manner to 
the o-compound: 34 g. of the iodo-derivative give 14:2 g. (60% yield) of 
product, and on distillation 6-7 g. have b. p. 157—160°/1 mm., the remainder 
boiling slightly higher (Found: H.V., 10-53 c.c.; F, 9-9%). 

The use of AgNO, instead of Ag,O in these two preps. gives products con- 
taining HNO, which is not readily removed. 

Oxidation of w-Hydroxytoluenesulphonyl Fluorides.—50% of the o-compound 
is recovered after treatment with CrO, in AcOH. When 150% excess of 
AgMn(, is used, 1-6 g. (from 3-9 g.) are recovered unchanged and pptn. of the 
Ag in the aq. solution indicates the hydrolysis of 1-8 g. 

The p-compound is readily oxidised by CrO,-AcOH to p-fluorosulphony]- 
benzoic acid. 
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Benzaldehyde-o-sulphonyl Fluoride (IV).—A mixture of o-toluenesulphony! 
fluoride (20 g.) and CrO,Cl, (20 ¢.c.) is kept cool for 14 days, and the solid 
broken up, washed with CS,, and decomposed with H,O. Somewhat impure 
benzaldehyde-o-sulphonyl fluoride separates as an oil which, after drying in 
C,H, over Na,SO,, distils at 143—155°/1 mm. (8-8 g.) (Found: F, 9-9; H.V., 
11-24 c.c. C,H,O,FS requires F, 10-1%; H.V., 10-64 c.c.). The red 
2 : 4-dinitrophenylhydrazone, prepared by Brady’s method (J., 1931, 756), 
has m. p. 216—218° after recrystn. from xylene [Found (micro-Dumas): 
N, 15-2. C,,H,O,N,FS requires N, 15-2%]. (o-Toluenesulphonyl fluoride 
gives no hydrazide when heated with a H,SO, solution of 2 : 4-dinitrophenyl- 
hydrazine and kept for several days.) 

Benzaldehyde-o-sulphony! fluoride, exposed to the atmosphere in a thin 
layer for a week, is converted into a cryst. material, m. p. 65° with subsequent 
efferv. This material is quickly converted entirely into o-sulphobenzoic acid 
(m. p. 68°) by ice-cold H,O. The dry material contains 3-4% F, i.e., probably 
about one-third remains as o-fluorosulphonyl benzoic acid at the time of 
analysis; this probability is supported to some extent by the effervescence 
just after melting. 

Oxidation of the aldehyde by the ordinary methods always results in the 
hydrolysis of the SO,F group. 

o-Cyanobenzenesulphonyl Fluoride.—Saccharin (44 g.) is heated at 120—130° 
for 14 hrs. with PCI, (100 g.), and the mixture poured into H,O. The dried 
product weighs 49 g. A portion of this (7 g.) is insol. in Et,O and is saccharin 
according to Walker and Smith (J., 1906, 89, 350). It, however, has m. p. 
135—139° after several recrystallns. from C,H,, contains Cl, and on solution 
in alkali and repptn. with acid gives saccharin. This indicates pseudo- 
saccharin chloride, which has m. p. 149° and is known to be formed when the 
above reaction is carried out at a higher temperature (see Jesurun, Ber., 
1893, 26, 2294; Fritsch, Ber., 1896, 29, 2295). After recrystallising several 
times from light petroleum, the o-¢yanobenzenesulphony! chloride has m. p. 
65—68° (W. & S. give 67-5°). 

A solution of o-cyanobenzenesulphonyl chloride (4-8 g.) in xylene (5 c.c.), 
heated on the water-bath for } hr. with 70 % KF aq. (5 c.c.) and cooled, gives 
o-cyanobenzenesulphonyl fluoride (3 g.), m. p. 88—89° after recrystn. from 
EtOH and light petroleum; this crystallises unchanged from H,O [Found : 
F, 10-3; N, (Kjeldahl), 7-6; H.V., 10-62 c.c, after 3 hrs.’ hydrolysis, 10-92 e.c. 
after 7} hrs. C,H,O,NFS requires F, 10:3; N, 7-6%; H.V. (both CN and F), . 
16-22 c.c.]. The discrepancy in H.V. is due to the difficulty of hydrolysis of 
the cyano-group, the sulphony] fluoride group, alone, requiring 10-81 c.c. 

o-Nitrobenzenesulphonyl Fluoride.—o-Nitrobenzenesulphony! chloride (6 g.) 
is refluxed for 15 mins. with 70% KF aq. (6 ¢.c.). After cooling and dilution 
with H,O the fluoride is removed and recrystallised from EtOH and light 
petroleum; 3-1 g. (56-5% yield), m. p. 60° (Found: F, 9-2; H.V., 9-76 c.c. 
C,H,O,NFS requires F, 9-3%; H.V., 9-75 ¢.c.). 


The authors thank the Trustees of the Commonwealth Science and 
Industry Endowment Fund for a grant. 
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286, Creatine and Creatinine. Part I. Acyl 
Derivatives of Creatinine. 


By H. R. Inc. 


With Notes on their Electrometric Titration. 
By R. A. Kexwick and G. M. RicHarpson. 


THE commonly accepted formula for creatinine (I) admits of three 
types of tautomeric system, viz., the imino-amino, the lactam-lactim, 
and the keto-enolic. By assuming an enolic form of creatinine 
Anslow and King (J., 1929, 1210) have given a convincing explan- 
ation of the formation of a red creatinine picrate. Greenwald (J. 
Amer. Chem. Soc., 1925, 47, 1440) had previously shown that only 
creatinine derivatives which retained the possibility of keto-enolic 
change gave a red colour with picric acid and caustic alkalis (Jaffé’s 
reaction; Z. physiol. Chem., 1886, 10, 399). The possibility of an 
enolic phase in the creatinine molecule is also suggested by the red 
colour which creatinine solutions give with ferric chloride and by 
the formation of a tribenzoyl derivative (Greenwald, loc. cit.). 

Less evidence is available for the imino-amino system, but the 
existence of a true amino-phase in the molecule is suggested by the 
elimination of one atom of nitrogen in the reactions with nitrous 
acid (Wilson, J. Biol. Chem., 1923, 56, 183; Plimmer, J., 1925, 
127, 2651), and hypobromite (Cordier, Monatsh., 1926, 47, 327). 

There appears to be no evidence in the literature for the lactam- 
lactim system. The formation of a silver derivative C,H,ON,Ag 
(Schmidt, Arch. Pharm., 1913, 250, 330) may be accounted for in 
terms of either an enolic or a lactim structure. 

A study of some acyl derivatives of creatinine has provided new 
evidence in favour of all three types of tautomerism in creatinine 
derivatives. 

Benzylideneacetylcreatinine (Erlenmeyer, Annalen, 1895, 284, 
49) contains no possibility of keto-enolic tautomerism and does not 
give a red colour with picric acid and caustic alkalis. It has now 
been found that benzylideneacetylcreatinine dissolves readily in 
caustic alkalis and a potassium salt was isolated. These facts are 
difficult to interpret in terms of Erlenmeyer’s formula (II). 


CH,—NMe CHPh:C—NMe CHPh:C-—NMe 
| ¢ 1>C:NH | C:NH I > 0 
CO-—NE CO—NAc ame 
(I.) (II.) (IIT.) 
CHPh:C-—-NMe CHPh:C-—-NMe 
(IVv.) | ote + be sO:NAe (V:) 
‘O—NH o— 
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The potassium salt of benzylideneacetylcreatinine with methyl 
iodide gave benzylideneacetylmethylcreatinine, which was hydrolysed 
by acid to benzylidenedimethylhydantoin (III). The constitution 
of the last substance was proved by its oxidation with permanganate 
in acid solution to dimethylparabanic acid and benzaldehyde. Con- 
sequently benzylideneacetylcreatinine must be represented by (IV) 
and its methyl derivative by (V). 

Benzylideneacetylcreatinine has only weakly acidic properties. 
It is precipitated from its solutions in alkali by carbon dioxide and 
its potassium salt is considerably hydrolysed in aqueous solution 
with separation of crystalline benzylideneacetylcreatinine. These 
facts are readily explained by assuming lactim formation, of which 
formula (IV) admits. Moreover, the methyl derivative (V), in 
which lactimisation cannot occur, is insoluble in cold alkalis. The 
system ‘CO-NH-C:NAc may be regarded as analogous to the imido- 
system -CO-NH-CO-, the acetyl group, by decreasing the basic 
character of the amidine residue (-NH’C:NH), conferring acidic 
character upon the imido-hydrogen. Removal of the acetyl group 
leads to_a big decrease in acidic properties. Thus benzylidene- 
creatinine is only very little soluble in cold alkalis but, although 
insoluble in hot water, it dissolves in hot 2N-potassium hydroxide 
and crystallises unchanged from the cooled solution. Benzylidene- 
acetylcreatinine appears to provide the first clear-cut example of 
lactam-lactim tautomerism in a creatinine derivative. 

The ease with which benzylideneacetylmethylcreatinine (V) is 
hydrolysed by dilute acid to a hydantoin (ITI) is remarkable. This 
change also occurs in methylating benzylideneacetylcreatinine in 
alkaline solution with methyl sulphate. It does not occur in the 
absence of the 3-methyl group, e.g., benzylideneacetylcreatinine is 
rapidly hydrolysed by dilute acid to benzylidenecreatinine. The 
hydrolysis of the imino-group by acid when the hydrogen atom 
in position 3 is replaced by methyl, and consequently imino-amino 
tautomerism is impossible, suggests that creatinine derivatives with 
hydrogen in position 3 exist in acid solution as the amino-phase. 

Benzylideneacetylcreatinine and acetylcreatinine oxime are the 
only acetyl derivatives of creatinine which have been previously 
described. Erlenmeyer (loc. cit.) obtained diacetylcreatine by the 
acetylation of creatine, but the acetylation of creatinine does not 
appear to have been previously studied. With acetic anhydride 
at 60—65° creatinine yields acetylcreatinine as the main product. A 
second product is also formed (but could not be isolated), since the 
mother-liquors on treatment with water yield diacetylcreatine. 
At 100° creatinine and acetic anhydride yielded a mixture of products, 
from which diacetylcreatinine and triacetylcreatinine were eventually 
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obtained, and a residual gum which yielded diacetylcreatine by 
evaporation of its aqueous solution. The structure of diacetyl- 
creatine will be considered in a later communication. 
Acetylcreatinine is readily converted into benzylideneacetyl- 
creatinine by heating it with benzaldehyde and acetic anhydride, 
and consequently it must be represented by formula (VI; X = Ac). 


CH,-NMe CH,-NMe CH,-NMe CH-NMe 
SC:INX | >OC:NAc | >C-NAc, | >C:NAc 

CO—NH CO—NAc CO—N AcO-C—NAc 
(VI.) (VII.) (VIII.) (IX.) 


It possesses both acidic and basic properties. A hydrochloride and 
picrate were prepared and also a potassium salt. Diacetylcreatinine 
gives a positive Jaffé reaction and a red colour with ferric chloride 
and therefore the most probable formula is (VII), although (VIII) 
is also possible. Triacetylcreatinine gives a red colour in the Jaffé 
reaction (compare tribenzoylcreatinine, which does not), but this 
may be due to rapid hydrolysis of the third acetyl group. It is 
probably represented by (IX). 

Benzoylcreatinine was first described by Urano (Beitr. Chem. 
Physiol. Path., 1907, 9, 183). A supposed isomeride obtained by 
Greenwald (loc. cit.) has proved to be a mixture of Urano’s compound 


and tribenzoylcreatinine. Benzoylcreatinine is readily soluble in 
dilute alkalis, including ammonia, and is reprecipitated by carbon 
dioxide. A potassium salt, C,,H,,O,.N;K, was prepared. By 
analogy with acetylcreatinine, the benzoyl group is probably 
attached to the extra-nuclear nitrogen atom (VI; X = Bz). 

Diphenoxyphosphorylereatinine [VI; X = (PhO),PO] also exhibits 
phenolic properties, and a sodiwm salt was isolated. 


Electrometric Titration of Acylcreatinines. 
(A) Monoacylcreatinines. 
(By R. A. Kexwicx, University College, London. 


Electrometric titrations were carried out at 25° by the method of 
Cannan and Knight (Biochem. J., 1927, 21, 1384) and the constants 
recorded are uncorrected apparent dissociation constants. 


Benzoylereatinine.—The curve of this substance revealed a group dissociat- 
ing with a pz, 8-79. The substance begins to be pptd. at pg 9-0 and below 
this p, is very sparingly sol. Consequently the dissociating group is probably 
acidic. Benzoylereatinine possesses weakly basic properties, but ite insol. in 
H,O made it impossible to measure a basic constant. 

Acetylcreatinine.—A complete curve was obtained showing two dissociating 
groups having constants px, 3-51 and p,x,, 8°35 respectively. The former 
constant refers to a basic group. The constant p<, indicates that the acidic 
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group in acetylcreatinine is somewhat stronger than that in benzoylcreatinine. 
No appreciable hydrolysis occurred during the titration. 

Benzylideneacetylcreatinine.—This showed some base-binding power in very 
alkaline solutions (py about 11-0), but it began to be pptd. from solution 
at py 10-8. It had no measurable acid-binding power. 


(B) Diacetylcreatinine. 
(By G. M. Ricuarpson, Imperial College, London.) 


Diacetylcreatinine undergoes hydrolysis in both acid and alkaline 
solution. Velocities were not directly examined, but the following 
incidental observations may indicate their extent. In one hour, 
Pu 2-3 to 5-5, 10% hydrolysis occurred ; ‘in 3-5 hours, py 4-2 to 2-0 
to 5-5, 40%; and in 4 hours, p, 4-2 to 1-3 to 5-5, 80%. In alkaline 
solution, rates increased with percentage neutralisation. With a 
full equivalent of sodium hydroxide (pg>10), 40% hydrolysis 
occurred in 2 minutes. 

Thus, even though titration was as rapid as possible, little signific- 
ance would attach to calculated dissociation constants. Direct 
interpolations from the diagram, after due correction for the activity 
of hydrogen or hydroxy] ions, have therefore been made. If, how- 
ever, extensive hydrolysis was permitted, the resultant solution 
was stable over the observed py, range, permitting a moderately 
satisfactory calculation of constants. Such deviations as occurred 
suggest that a small percentage of diacetylcreatinine, either in- 
efficiently hydrolysed (after 3 hours at py 9 to 10) or else in equi- 
librium with its hydrolytic products, still remained. 

Constants interpolated for diacetylcreatinine are, pz, 1-9, px, 
9-5. Those calculated after hydrolysis are px, 3-44, px, 4:72, px, 
8-45. There can be little doubt, having regard to probable differ- 
ences of ionic strength during measurement, that the first and third 
of the latter constants refer to acetylcreatinine, and the second to 
acetic acid (px 4:73). This evidence precludes the possibility of 
ring scission during hydrolysis (creatine, px, 2°62, px,» ca. 14; 
Cannan and Shore, Biochem. J., 1928, 22, 920). 


The diagram depicts a complete titration. Starting at A with a slightly 
acid solution of diacetylcreatinine, titration was carried through to B, the 
five alkaline points being estimated in 2-5 mins. At B, the progressive hydro- 
lysis obvious in the readings was allowed to proceed to B’ during 80 mins., 
and afterwards continued fer 70 mins., with titration to C. The return 
titration to D yielded very satisfactory duplicate potentials, which agreed 
within 0-3 mv., and re-established themselves rapidly after each addition. 
Measurements were carried out in 0-01M-solution at 25° by a technique similar 
to that of Mr. Kekwick. The calc. curve AB assumes a 10% preliminary 
hydrolysis to acetylereatinine and AcOH during potential establishment 
(broken line), and accepts constants 1-9 and 9-5 for diacetylcreatinine. Curve 
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CD assumes a px, of 4:7 for AcOH, and Kekwick’s constants for acetyl- 
creatinine. 


If the first and the second constant of diacetylcreatinine are basic 
and acidic, respectively, the second acetyl substituent has ‘slightly 
weakened both these dissociations, though to an extent not com- 
parable with the weakened acidity of the benzylidene derivative. 


Titration of 0°01M-diacetylcreatinine. 
12 





11 








1 i 
1 <— Equivs. HCl 0 Equivs. NaOH—>] 2 


AB Calculated curve —----; experimental ©; corrected @. 
CD Hydrolytic products, calculated curve ——; experimental A ; corrected @. 





Discussion. 

The acidic character of the monoacylcreatinines is not due to 
their conversion into acylcreatines, as is shown by (1) the analysis 
of their unhydrated alkali-metal salts and (2) their dissociation 
constants, which are comparable with those of phenols. An acidic 
group in formula (VI, X = Acyl) can obviously be derived from 
either the keto-enolic or the lactam-lactim system. It is, however, 
improbable that the lactam-lactim system is responsible for the 
acidic properties of monoacylcreatinines, since benzylideneacetyl- 
creatinine, which contains only this system, is shown by its chemical 
properties and electrometric titration to be a much weaker acid 
than the monoacylcreatinines. 

The view that monoacylcreatinines owe their acidic character 
to the keto-enolic system is also supported by the data for diacetyl- 
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creatinine. The rapid hydrolysis in acid and in alkaline solution 
of one acetyl group in this compound is consistent with either of 
the formule (VII) and (VIII), in which the second acetyl group is 
attached to a nitrogen atom already linked to carbonyl, and which- 
ever formula be accepted, the acidic group (px- 9-5) can only be 
derived from the keto-enolic system. The similarity in px. values 
for the acidic groups of diacetylcreatinine and monoacylcreatinines 
makes it highly probable that the latter compounds also owe their 
acidic properties to the keto-enolic system. Such a view, moreover. 
is capable of supplying a simple explanation of the emergence of 
acidic (phenolic) properties in acylcreatinines when creatinine itself 
does not show them. 

The combined possibilities of the imino-amino and keto-enolic 
systems in creatinine can theoretically give rise to a structure in 
which the ring becomes aromatic, viz., 2-amino-4-hydroxy-1-methy]l- 
glyoxaline (X ; R = H), and in which the hydroxy-group should be 


CNR i oe NHR (*,) 
o—<a Hot? 
phenolic. In view of the general stability of conjugated ring 
systems it seems probable that conditions which stabilise the amino- 
phase of the molecule will also stabilise the enolic group and vice 
versa. In creatinine itself the carbonyl group may be expected to 
stabilise the imino-structure by attracting the mobile proton of the 
imino-amino system to the nuclear nitrogen (3). Acylation of the 
extranuclear nitrogen will tend to neutralise this effect and increase 
the probability of the amino-structure and, by inference, of the enolic 
structure. On this view the emergence of acidic properties in acyl- 
creatinines is due to the stabilisation of the conjugated glyoxaline 
ring (X ; R = Acyl), in which the 4-hydroxy-group will be phenolic. 
The stability of acylcreatinines in alkaline solution, for they show 
no tendency to form creatine derivatives, is also accounted for by 
their formulation as derivatives of the conjugated ring (X). 

Formula (VIII) for diacetylcreatinine retains the possibility of 
conjugated ring formation by enolisation, but (VII) does not, and 
consequently (VII) should be a weaker acid than (VIII) on the view 
suggested above. Since the introduction of a second acetyl group 
into acetylcreatinine diminishes the acidic properties, (VII) is 
regarded as the more satisfactory representation for diacetyl- 
creatinine. 

EXPERIMENTAL. 

Benzylideneacetylcreatinine.—This was obtained as golden-yellow rods (from 

EtOH or C,H,), m. p. 210—211°, by the method of Erlenmeyer .who gives 
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m. p. 213° (Found: N, 17-5. Cale. for C,;H,,0,.N,: N, 17-3%). The 
potassium salt, obtained from excess of 20% KOH aq., formed pale yellow, 
woolly needles (from Me,CO), sol. in H,O, EtOH, and hot AcOEt. The aq. 
solution slowly deposits cryst. benzylideneacetylcreatinine (Found after dry- 
ing at 110°: K, 12-8, 12-9. C,,H,,O,N,K requires K, 13-9%). The low K 
figure is attributed to the liberation of free benzylideneacetylcreatinine during 
recryst. 

A solution of the K salt in Me,CO was boiled with a slight excess of MeI 
until neutral. The solid left after evaporation of the solvent was recryst. 
several times from hot H,O, benzylideneacetylmethylcreatinine being obtained 
in yellow needles, m. p. 129—-130° (Found: C, 65-7; H, 5:9; N, 16-4. 
C,4H,,;0,N; requires C, 65-4; H, 5-8; N, 16-3%), insol. in cold alkalis but 
readily sol. in dil. HCl. This solution when warmed gave benzylidene-NN’- 
dimethylhydantoin as a solidifying oil; needles, m. p. 983—94°, from MeOH 
(Found: C, 66-8; H, 5-4; N, 13-1. Calc. for C,,H,,0O,N,: C, 66-7; H, 5-5; 
N, 13-0%) (Nicolet and Campbell, J. Amer. Chem. Soc., 1928, 50, 1155, record 
m. p. 92°). 

Benzylidenecreatinine.—A solution of benzylideneacetylcreatinine in dil. 
HCl was boiled for a few mins., cooled, and treated with NH, aq.; the pptd. 
benzylidenecreatinine crystallised from EtOH in colourless rectangular 
prisms, m. p. 247° after sintering (Found: N, 20-6. Cale. for C,,H,,ON;: 
N, 20-9%). Nicolet and Campbell (loc. cit.) describe it as yellow flakes, 
m. p. 244°. 

Acetylation of Creatinine.—Creatinine (10 g.) was warmed at 60—65° with 
Ac,O (20 c.c.), and the clear solution poured into Et,O (250 c.c.). The oil 
which separated crystallised rapidly and after standing at 0° for an hour the 
solid was collected and recrystallised three times from EtOH or AcOEt. 
Acetylereatinine was obtained in colourless prisms, m. p. 124—125° (Found : 
N, 27:0. C,H,O,N; requires N, 27-4%), readily sol. in H,O., Hydrochloride, 
fine needles, m. p. 185—186° (decomp.), from EtOH (Found: Cl, 18-5. 
C,H,O,N,,HCl requires Cl, 18:5%). Picrate, prisms, m. p. 170—172° (de- 
comp.), from hot H,O (Found: picric acid, 60-0. C,H,O,N;,C,H,0,N; re- 
quires picric acid, 59-6%). The potassium salt, prepared from excess of conc. 
alc. KOH and a warm solution of acetylcreatinine in EtOH, separated on 
rapid cooling in plates, which were washed with EtOH and dried at 100° 
(Found: K, 20-2. C,H,O,N;K requires K, 20-2%). 

The yield of acetylcreatinine decreases rapidly if the acetylation is per- 
formed above 65°; ¢.g., 70% at 65°, 36% at 100°, and nil at 140°. 

The ethereal mother-liquor from the prep. of acetylcreatinine deposited a 
second cryst. product on standing or more rapidly on addition of a few c.c. 
of H,O. This diacetylcreatine, woolly needles, m. p. 177—178°, from EtOH, 
was identical with that obtained by the acetylation of creatine. Erlenmeyer 
(loc. cit.) recorded m. p. 165° (Found: N, 19-5. Cale. for C,H,,0,N,: N, 
19-56%). 

When creatinine and excess of Ac,O were heated together on the steam- 
bath for 1 hr. or boiled for 15 mins., and the latter evaporated, a red gum 
remained, which was repeatedly extracted with boiling abs. Et,0. The 
residue was dissolved in the minimum of dry AcOEt and left in the ice-room. 
The ethereal extract was allowed to evaporate at room temp. and a cryst. 
product separated, which was again extracted with dry Et,O, in which a 
part was now insol. This part was used to seed the AcOEt solution of the 
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Et,0-insol. gum, and more crystals were obtained. Repeated crystn. of the 
Et,0-insol. crystals from AcOEt gave diacetylereatinine in well-formed rect- 
angular rods with blunt ends, m. p. 164—165° (Found: C, 48-9; H, 5-6; 
N, 21-2. C,H,,0,N, requires C, 48-7; H, 5-6; N, 21°3%), readily sol. in 
H,0 and EtOH, and recovered unchanged by evaporation of its aq. solution. 
The picrate, prepared in alc. solution, is rather sol. in H,O but crystallises 
from EtOH in needles, m. p. 139—140° (Found: picric acid, 54:1. 
C,H, ,0,N;,C,H,0,Ns 

requires picric acid, 53-8%). 

The united ethereal mother-liquors after removal of diacetylcreatinine were 
evaporated and the residual gum, which crystallised slowly, was distilled in 
vac. The fraction, b. p. 160—170°/5 mm., solidified and then gave large 
diamond-shaped crystals, m. p. 63—65°, of triacetyloreatinine after repeated 
erystn. from dry Et,O (Found: C, 50-5; H, 55; N, 17-56. ©, 9H,,;0,N; 
requires C, 50:2; H, 5-4; N, 17-6%). Triacetylcreatinine is readily sol. in 
H,0, EtOH, C,H,, CHCl,, and AcOEt, moderately easily in boiling Et,O and 
CCl,, and insol. in ligroin. 

Benzoylcreatinine.—Urano (loc. cit.) described this compound as forming 
yellow needles, m. p. 187°. We have obtained it by his method as colour- 
less needles (from EtOH; charcoal), m. p. 193—194° after sintering (Found : 
N, 19-4. Cale. for C,,H,,0,N;; N, 19-4%). 

Benzoylation of creatinine in pyridine with PhCOCI (compare Greenwald, 
loc. cit.) yielded a mixture which was separated by fractional crystn. from 
EtOH into long flat needles, m. p. 193—194°, of benzoylcreatinine and clumps 
of short thin needles, m. p. 245—246° (decomp.), identical with tribenzoy]- 
creatinine obtained by benzoylating creatinine in pyridine with excess of 
PhCOcl. 

The potassium salt, obtained from benzoylcreatinine in 20% KOH aq., 
formed colourless plates (from EtOH), readily sol. in H,O and MeOH, sparingly 
in conc. KOH aq. and cold EtOH (Found after drying at 110°: K, 15-4. 
C,,;H,0,N,K requires K, 15-3%). 

Diphenoxyphosphorylcreatinine.—Dry creatinine (13 g.) and diphenoxy- 
phosphoryl chloride (15 g.) were refluxed in dry Me,CO for 24 hrs. The 
cooled liquid was filtered, the solid washed with Me,CO, stirred with cold 
H,O to remove unchanged creatinine and its hydrochloride, dried (yield, 
including that obtained by evaporation of the Me,CO mother-liquor, 10 g.), 
and thrice recrystallised from EtOH, diphenoxyphosphorylcreatinine being 
obtained in flat prisms, m. p. 127—128° (Found: C, 55-6; H, 4-6; N, 12-2; 
P, 9-0. C,,H,,O,N,P requires C, 55-6; H, 46; H, 12-2; P, 90%). If 
the experimental conditions were not anhydrous, a second product with 
a higher m. p. and smaller solubility in EtOH was obtained. It crystal- 
lised from EtOH in flat needles, m. p. 158—159°, and was proved to be 
creatinine diphenoxyphosphate by direct synthesis from creatinine and 
diphenoxyphosphoric acid in alc. solution (Found: C, 52:9; H, 6-0; 
N, 11-4; P, 87. C,H,ON;,C,,H,,0,P requires C, 52-9; H, 5-0; N, 11-6; 
P, 8-5%). 

Sodium diphenoxyphosphorylcreatinine, deposited from a solution of di- 
phenoxyphosphorylcreatinine in 20% NaOH aq., was washed with ice-cold 
H,0 and dried over P,O,; in vac. (Found: Na, 6-4. C,,H,,0,N,PNa requires 
Na, 63%). It dissolves in dil. acids, but is rapidly hydrolysed with form- 
ation_of diphenoxyphosphoric acid. It is more stable in alkaline solution, 





BASIC MAGNESIUM CARBONATE AS A PROMOTER, ETC. 2055 


from which it can be repptd. by CO,, but conditions which remove the 
phenol groups also hydrolyse the phosphoric amide group. 


The author is indebted to Mr. R. A. Kekwick and Dr. G. M. Richardson 
for their co-operation and to Dr. P. Eggleton for the phosphorus estimations. 


University CoLtLEGE, Lonpon, W.C. 1. [Received, April 16th, 1932.] 





287. Basic Magnesiwm Carbonate as a Promoter 
on a Copper Surface. 


By T. Haeyarp. 


THE majority of investigations into the problem of heterogeneous 
catalysis at a gas-solid interface have been carried out by means 
of velocity measurements, and indicate that a catalyst surface 
probably consists of areas of different activity, the extent of these 
areas being changed, not necessarily equally, by the presence of a 
promoter (Pease, J. Amer. Chem. Soc., 1923, 45, 1196, 2235, 2296 ; 
Hoover and Rideal, ibid., 1927, 49, 104; Allan and Hinshelwood, 
Proc. Roy. Soc., 1928, A, 121, 141; Constable, Proc. Camb. Phil. 
Soc., 1927, 832; 1928, 291). This difference in activity has been 
ascribed to the varying unsaturation of the surface atoms of the 
catalyst (see, e.g., Taylor, J. Physical Chem., 1926, 30, 147). The 
probability that the number of different degrees of activity of the 
surface atoms (and therefore the number of different active areas) 
is limited, is indicated by the work of Rideal and Wright (J., 1925, 
127, 1347; 1926, 1813), who found only three different active 
areas on charcoal; in the present work, the postulation of only 
four such areas is necessary to explain the results obtained. 

The present investigation deals with a fuller examination of the 
adsorptive powers of two surfaces, prepared so as to result in a 
considerable difference in their properties. The surfaces were 
“explored ” by measuring the adsorption of a number of gases on 
each at 20°, with the object of obtaining quantitative information 
regarding the formation, if any, of areas of different properties, 
due to the incorporation of a second substance (promoter). 

Palmer (Proc. Roy. Soc., 1922, A, 101, 175) has shown that, 
although magnesium itself has little effect on the dehydrogenation 
of ethyl alcohol, yet a concentration of 2 atoms % of it strongly 
promotes the activity of copper. This was chosen as a suitable 
subject and the adsorption of a number of gases on a copper surface 
and on one promoted by magnesia has been determined. Since it 
was desirable to obtain as high an activity as possible, the surfaces 
were prepared at such a low temperature that complete decom- 
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position of the magnesium carbonate, precipitated with the copper 
oxide, did not take place, either during reduction or during the 
subsequent out-gassing, and the actual promoter used was there- 
fore a basic magnesium carbonate. 

The choice of gases was governed by the restrictions that the 
possibility of capillary condensation must be avoided, that reaction 
between the gas and the surface should be absent, and that the gas 
should be readily prepared in a pure state. The gases used were 
therefore hydrogen, nitrogen, carbon monoxide, methane, and 
ammonia. In spite of the high critical temperature of ammonia, 
it appeared probable, from the results of Dew and Taylor (J. Physieal 
Chem., 1927, 31, 277), and from the present work, that capillary 
condensation did not take place at the pressures and temperature 
used. 

EXPERIMENTAL, 

The adsorptions of each gas on each of three surfaces (copper, referred to 

subsequently as A; promoted copper, B; and promoter alone, C) were re- 


quired. In order to avoid disturbing factors, a given surface was used for 


one isotherm only. The method consisted in reducing a pptd. CuO, either 
alone or mixed with MgCO,, by H, at 200° under standard conditions; for 
the control experiments a pptd. MgCO, was treated similarly. The reduced 
product was evacuated under standard conditions and known vols. of gas 


were admitted from a 2-vol. pipette, the pressure being read on a const.-vol. 
manometer. 

For such determinations it is essential to reduce to a min. the ratio free 
space/mass of adsorbent; this was effected so successfully that accurate 
measurements could be made on 2—3 g. of Cu. The ppts. (obtained from 
the sulphates with Na,CO,) were washed, suspended in water, mechanically 
stirred, and filtered into small glass bulbs containing a tiny filter pad of 
purified asbestos. Very uniform samples of the bulk were thus obtained, 
and since the only free space in the bulbs was that between the ultimate 
particles, the free space had been reduced to the min. (70—75% of the total 
free space). A sufficient number of the bulbs were filled to serve for the 
whole series of measurements, and were then dried and sealed. 

For each isotherm a bulb was sealed to the apparatus, reduction in H, at 
200° carried out, and the apparatus evacuated at the same temp. for 17 hrs. 
down to a pressure of ca. 0-0004 mm. Hg. Measurements were carried out 
at 20° + 0-05°. In order to secure reproduction of the surface conditions 
on the adsorbent, great care was taken that every detail of the treatment was 
kept constant. Duplicate determinations were done in most cases. 

The true densities of each adsorbent were determined separately, for use 
in the calculations, by exhaustive evacuation at a raised temp., followed by 
the admission of a liquid under such conditions that air and gases were excluded. 
For adsorbent A, distilled H,O was used; for B and C, pure C,H,. The 
densities so obtained (in g./c.c.) were: A, 8°87; B, 6-20; C, 2-157. 

The gases used were prepared, purified by the usual methods, and stored 
over Hg. After their admission to the adsorbent, solution in the adsorbent 
took place in the cases of H,, CO, and NH, on adsorbents A and B, and of 
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NH, on adsorbent C. This solution was corrected for by extrapolating to 
3 zero time pressure readings taken after temp. equilibrium with the bath had 
again been reached. The time required for this to take place was determined 
separately and was appreciable only in the cases where considerable heat was 
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Dissolution of hydrogen in adsorbents A and B. 
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evolved by adsorption. A correction was applied to the calculated adsorp- 
tions to allow for the desorption occurring during the fall in pressure due to 
dissolution. Data were obtained for H, on adsorbents A and B by allowing 
up to 6 days for this dissolution to become complete; these results are shown 
in Fig. 1. It was at first hoped to compare the total areas of the adsorbents 
by comparing the rates of dissolution of H,, but it appeared that the final 
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solubilities were more dependent on the amount of adsorption than on the 
total areas; the gas thus appears to enter the solid phase more frequently 
from the adsorbed layer than directly. 

Results —For purposes of comparison the values of the adsorptions have 
been calculated, in the case of adsorbent B, to a quantity (1-175 g.) containing 
Cu equal to 1 g. of A; this amount of B contained MgO equal to 0-210 g. of 
C, and the adsorptions on C have therefore been calculated on this amount. 
The modified adsorptions are tabulated below, where P represents pressure 
(in em.) and 2 adsorption (in c.c. at N.T.P). 


Hydrogen. 
Adsorbent A. 
0-22 17:40 41:05 67-53 0-16 20:30 47-66 78°36 
0-1208 0-335 0-386 0-418 0-102 0355 0-406 0-442 
Adsorbent B. 
0-17 10°94 26°30 60-41 ° 15°38 34°83 63°57 
0-213 O-921 1-054 1-180 +202 0-933 1-074 1-193 
Adsorbent C. 
28-42 56°88 
0:0065 0-0140 
Nitrogen. 
Adsorbent A. Adsorbent Lb. Adsorbent C. 
462 36-69 68-67 5°70 36°83 68-60 30°92 61°37 
0003 0-016 0-029 0-0099 0-056 0-106 00-0071 0-0122 
Carbon monoxide. 
Adsorbent A. Adsorbent C. 
8-46 36-91 67°71 34:43 68-98 
0-1125 0-698 0-792 0-839 0°0195 0-034 
Adsorbent B. 
0-01 2:13 25-41 55-11 59-31 0-01 3:96 29-88 60-02 
0-177 1-343 1-661 1-782 1-796 0-192 1-382 1-631 1-744 


Methane. 


Pressure (cm.). 


Adsorbent A. 
4°57 36-88 69-29 4°35 34-99 
0-0055 0-038 0-069 00051 0-0364 
Adsorbent B. 
4°31 34-68 65-09 32-14 64°38 
0-0143 0-1057 0-196 0-1006 0-198 
Adsorbent C. 
33-88 67-95 
0-016 0-028 
Ammonia. 
Adsorbent A. 
0-01 0-06 2-10 10°91 26-98 46-69 66-64 
0-108 0-867 1-583 2-049 2-414 2-680 2-873 
Adsorbent B. 
0-00 0-12 0-91 2-96 7°32 13-92 22-40 
0-168 1-347 2-501 3-399 4:377 5-267 6-027 
Erecnetcrese 31-20 43-16 56-10 70-01 
6-629 7-316 7-938 8-544 
Adsorbent C. 
7:33 25-66 47°70 72:13 
0-599 0-852 1-037 1-192 
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These results, when plotted, give practically straight lines for CH, and N, 
on A, B, and C, and for H, and CO only on C. For this reason, and because 
of the confusion which would result from the relatively small values in each 

Fie. 2. 


Adsorption of hydrogen, carbon monoxide, and ammonia. 
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of the above cases, these curves have been omitted from the graphs reproduced 
in Fig. 2, which therefore show only the adsorptions of H, and CO on A and 
B, and of NH, on A, B, and C. (For clarity, duplicates have been omitted.) 
No evidence of discontinuities has been obtained. 

For comparison, the values read from the original curves at different pres- 
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sures have been collected below. They are necessarily less accurate than the 
individual determinations. The adsorptions are expressed as above, but 
the values for C have been subtracted from those for B to obtain a probable 
value for the adsorption on the Cu alone; R represents the ratio of the mean 
of duplicate determinations on B to that on A. 


Ls) 
Beg 


Ad- 60cm. 40cm. 20cm. 10cm. 5cm. 
Gas. sorbent. 2. 2. 2. 2. 2. 
H, 0-406 0-384 0-343 0-310 0-273 
0-420 0-394 0-352 0-315 0-273 
1-160 1-087 0-976 0-838 0-700 
1-211 1-115 1-013 0-898 0-760 
R = 2-87 2°83 2-86 2-78 2-67 
0-0255 0-0175 - — 
0-080 0-054 — _- 
R= 3-14 3-09 
0-83 0-80 0-76 
1-71 1-65 1-57 
1-77 1-70 1-62 
R 2-10 2-09 2-10 
0-061 0-042 0-022 
0-157 01055 0-053 
R 2-58 2-51 2-39 
2-82 2-60 2-30 
6-98 6°17 5-06 
R = 2-48 2°37 2-20 


* Duplicates practically identical. 
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Discussion. 


The conceptions of Langmuir have been applied to these data 
by the use of the appropriate relation z= aPV/(1 + aP), where 
x is the adsorption, P the pressure, a a constant involving the forces 
between the surface atoms and the adsorbed molecules, and V the 
adsorption at saturation, taken to represent the area then occupied 
by the adsorbed gas, a unimolecular layer being assumed. 

For nitrogen and methane on all the adsorbents, and for all 
gases, except ammonia on C, the forces involved (and hence involv- 
ing a) are so small that the isotherms are almost straight lines, and 
the calculation of the values of V is so affected by slight changes 
(or errors) in curvature that only the gases hydrogen, carbon mon- 
oxide, and ammonia are useful for estimating the adsorbing areas. 

The above relation has been applied on the assumption that the 
adsorptions at any pressure greater than 20 cm. consist of the sum 
of two adsorptions, one saturated at that pressure and one un- 
saturated; ic, x= V, +4,V,P/(1+a,P). On this basis the 
values of V, and V, have been calculated by substituting for z 
and P in the above relations the three points on the isotherms 
(x,, 20), (x, 40), and (x, 60). The probable errors introduced 
into the values of V, and V, by reasonable errors in drawing and 
reading the isotherms (see above) have been calculated. Since it 
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is assumed that each isotherm may be represented by adsorption 
on two different types of surface, it follows that information as to 
the relative areas of six different surfaces may be obtained from 
the results. The fact that the results are explicable by the postyl- 
ation of only four different types of surface may be taken as evidence 
in favour of the basis of calculation. 

The values of V, and V, for the three gases hydrogen, carbon 
monoxide, and ammonia on the two surfaces A and B are given 
below, together with the corresponding probable errors. It is 

Adsorbent. V;. Probable error. V2. Probable error. 
A 0-26 0-06 4 0-07 
B 0-86 0-02 
A 0-71 , 
B 1-50 “08 
A 1-87 , 
B 3°4 ° 8-6 


0-2 


0: 
1: 
0°34 
0- 
2. 


clear that the effect of the promoter has been to cause a non-uniform 
increase in the several values of V, and V,. Unfortunately, these 
values are very sensitive to small changes in zx, so, owing to the 
large errors thus made possible, any conclusions of a quantitative 
nature are rendered somewhat speculative. 

There are several ways in which the results may be related, of 
which the one given below is the most probable; the others do 
not lie well within the errors or involve surfaces capable of adsorbing 
hydrogen but not capable of adsorbing carbon monoxide, which is 
contrary to the results of other workers in this field. The most 
probable distribution of active areas is given in the following re- 
lations, in which, under the heading “ gas adsorbed,” the number 
of elementary areas occupied by one molecule of gas is given in 
parentheses. 


Gas adsorbed. V. Gas adsorbed. 
Adsorbent A. Adsorbent B. 

H, (2 164 CO(1) 4H, (2) 

#2 (1) } NBs (2) 10 CO(1) H(i} } NBs (1) 
NH, (1) 0-8 NH, (1) 

NH, 8:6 NH, 
On this basis, then, the effect of the promoter has been to increase, 

in different ratios, the extent of each of four different active surfaces. 


Summary. 

The adsorption isotherms of hydrogen, nitrogen, carbon monoxide, 
methane, and ammonia on the surfaces copper (A), copper promoted 
by a basic magnesium carbonate (B), and the promoter (C) alone 
have been determined at 20°. 

The isotherms of nitrogen and methane are too nearly linear to 
permit calculation of the extent of the areas adsorbing the gases. 
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In 1906 Michael sought to replace the view then current, that the 
hypochlorous acid molecule divides into chlorine and hydroxyl 
components when entering into reaction, by one involving the attach- 
ment of the ions of hypochlorous acid (H* and OCI’) to the ethylenic 
carbon atoms : this view necessitated the assumption that isomeris- 
ation of the first-formed product immediately occurred, 
>C(OCl)-CH< —» >C(OH)-CCl<. 

Noyes and Wilson (J. Amer. Chem. Soc., 1922, 44, 1630; see also 
Noyes, Rec. trav. chim., 1922, 41, 557) have shown that the degree 
of ionisation of hypochlorous acid in aqueous solution is low, the 
ions being almost entirely H® and OCI®° ; nevertheless these authors 
are of opinion that ionisation is amphoteric, since a current of air 
removes from the solution not hypochlorous acid but chlorine 


monoxide, HOCI + ClOH —-» Cl,0 + H,O. Chlorohydrins, how- 
ever, may be additively formed either by means of aqueous hypo- 
chlorous acid or by chlorination of an aqueous solution of the olefinic 
compound; and, analogously, chloro-alkoxy-addition products of 
olefinic compounds appear to be obtainable either by employment of 
the preformed alkyl hypochlorites (Goldschmidt, Ber., 1925, 58, 
572) or by chlorination of the olefinic compound in alcoholic solution 
(Conant and Jackson, J. Amer. Chem. Soc., 1924, 46, 1727; Jackson, 
ibid., 1926, 48, 2166; Jackson and Pasuit, ibid., 1927, 49, 2071). 
The condition or nature of the addendum is therefore not necessarily 
always the same, and in studying the relationship between olefinic 
constitution and the orientation of hypochlorous acid addition 
products cognisance must be taken of the method of addition 
employed. 

The experiments herein described were initiated to show con- 
clusively the potential ability of an olefinic linking to yield struc- 
turally isomeric chlorohydrins and also for the purpose of observing 
the restrictive influence exerted by a carboxyl group situated near 
to the unsaturated centre. As-, A®-, and Ay-Hexenoic acids (probably 
all trans) seemed well suited to the purpose. Aqueous solutions 
of hypochlorous acid—chlorine-free but containing dissolved 
calcium chloride *—only were employed, in which, owing to the 
low degree of ionisation, the addendum would be presented under 
conditions favourable to attachment in molecular condition. A 
parallel, though less extensive, series of experiments with ethy] 
hypochlorite was carried out in which the reagent necessarily came 
into reaction in molecular condition. 

Ay-Hexenoic acid, CHMe:CH-CH,°CH,°CO,H, in which the 


* Such solutions were used in preference to pure aqueous solutions of 
hypochlorous acid on account of the great saving in time which their use 
permitted during a long series of operations. 














2064 BLOOMFIELD AND FARMER : 


double bond is sufficiently remote from the carboxyl group to 
escape participation in the «f,@y-changes which characterise its 
As- and A*-isomerides, might be expected to behave essentially as 
an unsymmetrically substituted ethylene. In practice it yields 
about 95°, of a volatile 3-chlorohexolactone (I), the remainder of the 
product consisting of a gummy non-lactonising chloro-acid, doubtless 
the y-chloro-3-hydroxy-acid (I). 


(1) CHMeCl-GH-CH,-CH,-CO CHMe(OH)-CHCI-CH,CH,CO,H 
O- (II.) 













CH,Me-CHCI-CH(OH)-CH,°CO,H + CH,Me-CH-CHCI-CH,’CO (1v.) 
(III.) O l 
(v.) CH,Me-CH,-CH(OH)-CHCI-CO,H 
(vr.) CH,Me-CH,-CHCI-CH(OH)-CO,H 


A*’-Hexenoic acid, which combines more rapidly than the Avy-acid 
and much more rapidly than the A*-acid with the addendum, yields 
about 20% of a crystalline non-lactonising chloro-hydroxy-acid 
(probably III). The major product (nearly 80% yield), however, is 
a liquid mixture of a volatile chloro-lactone and an undistillable 
chloro-lactone representing stereoisomeric forms of -chloro-y- 
hexolactone (IV). 

A:-Hexenoic acid combines with hypochlorous acid so slowly 
that much of the latter is lost by decomposition. The product 
contained, in addition to much unchanged hexenoic acid, two 
substances the constitutions of which were extremely difficult to 
demonstrate convincingly.* One of these is «-chloro-$-hydroxy- 
hexoic acid (V) and the other is a rather impure, stereoisomeric form 
of the same compound free from any material quantity of the 
structural isomeride (VI). 

The following scheme symbolises the results : 


C—=0, aaa“ aeeac 
Cl: +++. OH (95%) Cl -- += OH (20%)  Cl---:- OH (0%) 
OH:---Cl(<5%) OH----Cl (80%) OH----C1(100%) 


It is seen that addition of hypochlorous acid to the «$-double bond 
follows the same course as in hydrogen halide addition : all tendency 




































* This applies to the chlorohydrins of most A*°-acids. Even in the case of 
cinnamic acid, the interaction of which with aqueous hypochlorous acid and 
with chlorine water has frequently been studied, no rigid demonstration of 
the constitution of the solid chlorohydrin as CHPh(OH)-CHCI-CO,H appears 
to have been furnished; moreover, so far as the authors are aware, the com- 
plete non-formation of a structural isomeride of the main product has only 
recently been shown (by Mr. C. Hose). 
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to addition in the reverse way is suppressed. The low degree of 
reactivity of the A* in comparison with the A®- and Av- acids indicates 
that the carboxyl group has a powerful deactivating influence while 
at the same time co-operating with the propyl group attached to C, 
in negatively polarising C,.* The effect of CO,H, however, 
is apparently not transmitted to any significant extent through one 
or more methylene groups, since the results obtained for the A?- 
and the Ay-acid are precisely of the kind to be anticipated from well- 
known considerations affecting the comparative activating (electron- 
repelling) properties of alkyl groups (Allan, Oxford, Robinson, and 
Smith, J., 1926, 405). The influence of the ethyl group attached to 
C, of the A*-acid in activating (negatively polarising) Cg outweighs, 
but does not suppress, that of the group ‘CH,°CO,H attached to C, 
in activating C,. Similarly, the action of the group *CH,*CH,°CO,H 
attached to Cg of the Av-acid in activating Cs; outweighs, and nearly 
suppresses, the opposing influence of the methyl group attached to 
Cs (compare Ingold and Ingold, J., 1931, 2354). The dominant 
polarisations may therefore be represented thus : 


6 A) Se = + lla, ny 
C,——Cg (g==—— ‘a 


Crotonic acid yielded with ethyl hypochlorite a mere trace of 
addition product, and sorbic acid a small yield of material which was 
at least partly ethoxylated. Even with the hexenoic acids the slow 
rate of reaction and the spontaneous decomposition of the reagent 
rendered the study of the A*- and the Ay-isomeride unprofitable 
(in the latter case the cost of material was too great to allow working 
on a large scale). With the A’-acid, however, addition occurred to 
the extent of 92% when a carbon tetrachloride solution of ethyl 
hypochlorite (Taylor, MacMullan, and Gammal’s reagent; J. Amer. 
Chem. Soc., 1925, 47, 395) was employed: the product was not a 
chloro-ethoxy-hexoic acid byt consisted entirely of the two stereo- 
isomeric forms of §-chlorohexolactone previously mentioned ; 
moreover, when an ethereal solution of nearly pure ethyl hypo- 
chlorite was used in place of Taylor, MacMullan, and Gammal’s 


* The influence of the carboxyl group in securing the addition of hydrogen 
halides to af-unsaturated acids so diverse as acrylic, a-methylacrylic, and 
crotonic, in the general manner >CHal-CH-CO,H, appears to be the dominant 
one. Hypochlorous acid addition, however, does not necessarily follow a 
parallel course and the interesting case afforded by a-methylacrylic acid 
requires investigation (Melikoff’s statement, Annalen, 1886, 234, 197, that 
this acid reacts with hypochlorous acid to give a B-chloro-a-hydroxy-derivative 
is not proved). In the conjugated series the course of hypochlorous acid 
addition definitely differs from that of hydrogen bromide addition in the 
first example examined by the authors. 
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reagent, addition was almost quantitative, at least 93° of the 
acid being converted into the mixture of isomeric {-chlorohexo- 
lactones, and less than 1% yielding a chloro-ethoxy compound— 
presumably the y-chloro-$-ethoxy-acid. 

Since there can be little doubt as to the molecular, though polarised, 
condition of ethyl hypochlorite in entering reaction, the simplest 
assumption as to the course of reaction is that an ethoxy] ion is lost 
after the inception of addition, thus : 


as 

CHEt:CH-CH,-CO,H CHEtCHCICH, CHEt-CHCI-CH, 
| —s . eol— 5, ee 

OEt-(1 6Et HO-CO 0 


é— d+ 


Although ethyl hypochlorite and hypochlorous acid differ slightly in 
their tendency to yield positionally isomeric addition products, 
the results obtained with the two reagents are so similar that there 
is no adequate reason for supposing that the addendum furnished by 
the aqueous hypochlorous acid is other than molecular hypochlorous 
acid, or that reaction in the two cases follows a different course. 
The authors have found, moreover, that chlorination of A*-hexenoic 
acid at —8° in ether or n-hexane results solely in the formation of 
6-chlorohexolactone and hydrogen chloride, the latter being liberated 
from the outset of reaction (change of solvent affects the speed of 
reaction and the relative proportion of the stereoisomeric lactonic 
forms). Therefore it would appear that the addition of chlorine 
may be represented analogously to that of ethyl hypochlorite and 
of hypochlorous acid, the addition in all three cases being initiated 
mainly or wholly at the Cg-atom of A*’-hexenoic acid. 

It has been shown by Conant, Jackson and their collaborators 
(loc. cit.) that chlorinated alcohols yield chloro-alkoxy-addition 
products comparatively readily with cinnamic acid, whereas a solu- 
tion of ethyl hypochlorite in carbon’ tetrachloride does not. It 
appears certain, therefore, that the addendum in the former case is 
not an alkyl hypochlorite existing in molecular condition, although 
it may well be molecular chlorine acting in conjunction with ethoxy] 
ions as has been suggested by Ingold (Ann. Reports, 1928, 132). 
Probably the. difference in condition of the addendum in the two 
cases affects additive reactivity and not the orientation of the 
addition products; at any rate it appears quite unlikely from the 
observations here described that molecular ethyl hypochlorite 
would differ from chlorinated alcohol in giving an «-ethoxy-$-chloro- 
derivative with cinnamic acid (presumably corresponding to 


6+ b— 
polarisation in the manner OEtCl) as Ingold (loc. cit.) has suggested. 
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EXPERIMENTAL 
(A) Products Derived by Use of Hypochlorous Acid. 


Preparation of Hypochlorous Acid.—A slow stream of Cl was passed into a 
well-stirred suspension of pptd. CaCO, (50 g.) in water (1 1.) until the conen. 
of HOC! (estimated iodometrically in a 2 c.c. sample) reached about 2%. 
Stirring was continued for a while to ensure removal of free Cl, and the HOCI- 
CaCl, solution, now colourless or only very faintly yellow, was filtered into an 
ice-cold flask. The final strength was rapidly estimated, and the desired 
quantity calculated and put into use as soon as possible. 

Addition to A8-Hexenoic Acid.—To asolution of theacid (Boxer and Linstead, 
J., 1931, 748) (30 g.)in Et,0 (1200 c.c.) cooled in a freezing mixture, 2-26% HOCI 
aq. (620 c.c.) was added gradually. After 12 hrs., the aq. layer was run off, 
saturated with NaCl, and extracted with Et,0. The united ethereal solutions, 
dried over Na,SO,, left on removal of the solvent under a column a residue in 
nearly quantitative yield.* This was separated by NaHCO, aq. into non- 
acidic lactone (A) (564%) and an acidic substance (B) (46%) still containing some 
lactone. 

On distillation (B) yielded (i) a non-acidic lactone (9-1 g.), b. p. 90—100°/3 
mm., which was added to (A); (ii) an oily acid (8-9 g.), b. p. 127°/3 mm..; (iii) a 
non-acidic residue (0-7 g.). Fraction (ii) solidified almost completely and gave, 
as a white crystalline powder, m. p. 83—84° after two crystns. from C,H,g, 
a saturated acid which was a simple hypochlorous acid addition product 
and showed no tendency to lactonise ; it is represented as B-hydroxy-y-chloro-n- 
hexoic acid (III) (Found: C, 43-45; H, 6-7; Cl, 21-35; M, monobasic, 167-7. 
C,H,,0,Cl requires C, 43-35; H, 6-65; Cl, 21:3%; M, 166-5). 

The total crude lactonic material from (A) and (B) was distilled and yielded 
(i) a colourless pleasant-smelling oil, b. p. 80°/5 mm., which was saturated, 
homogeneous, and without immediate action on NaHCO, aq., and (ii) a residue 
which began to lose HCl. The oil (redistillable without residue) is regarded, 
owing to its spontaneous formation during the addition reaction, as f-chloro- 
hexolactone (Found: Cl, 23-9. C,H,O,Cl requires Cl, 23-99%). The decom- 
posable residue appeared to be a stereoisomeride of £-chlorohexolactone ft 
(which itself rapidly darkened after 2 months); after a year, it began to 
crystallise, contemporaneously with the (more rapid) crystn. of a similar 
residue derived by interaction of A®’-hexenoic acid with ethyl hypochlorite 
(see p. 2071) and then formed colourless prisms, m. p. 175°, from C,H, (Found : 
C, 48-7; H, 6-1; Cl, 23-95%. C,H,O,Cl requires C, 48-5; H, 6-1; Cl, 23-9%), 
Rather less than 80% of the hexenoic acid had suffered conversion into chloro- 
lactones, and of this proportion about 5/7 yielded the more stable (volatile) 
form. Owing to the ready loss of halogen with alkali neither form of the 
lactone could be converted into the corresponding f-chloro-y-hydroxyhexoie 
acid. 

Addition to AY-Hexenoic Acid.—To a solution of the acid (Eccott and 
Linstead, J., 1929, 2163) (20 g.) in Et,O (700 c.c.), the requisite quantity of 
HOC! was added (9-2 g. in about 3% solution), none of which remained after 















































* The loss of material was negligible, but owing to the considerable differ- 
ence in the molecular weight of the products an exact figure cannot be given. 
A similar difficulty applies in other instances which occur below. 

+ The analogous 8-chlorohexolactone (see below) could be kept indefinitely 
without undergoing decomp. 
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55—60 hrs. at 0°. The addition product, obtained in quant. yield (taking into 
consideration its composition), was separated by NaHCO, treatment into a 
crude lactonic portion (13 g.) and an “ acidic ” portion (13-5 g.). The latter, 
which contained a little AcOH, was, however, chiefly lactonic : it yielded (i) a 
small liquid fraction, b. p. 90—105°/6 mm., consisting of a lactone admixed 
with some volatile acid—probably wholly AcOH, (ii) a neutral lactonic liquid, 
b. p. 105—115° (chiefly 108—115°)/5 mm., which together with (i) weighed 
9-3 g., and (iii) a saturated, feebly acidic residue (3-3 g.). The main lactonic 
portion gave on distillation the same neutral lactonic liquid, b. p. 90— 
116°/6 mm. (10-9 g.), as constituted fraction (ii), but left a small non-acidic 
residue (1-8 g.) which appeared to be slightly impure lactone (Found: Cl, 
25-0. Cale. for C,H,O,Cl: Cl, 23-9%). Fraction (iii), again treated with 
NaHCO, aq., yielded a further quantity of lactonic material, and a saturated 
gummy acid (1-3 g., still not entirely free from lactonic matter) which formed 
the sole acidic addition product and represented not more than 4:5% of the 
hexenoic acid employed. 

The main lactonic portion was combined with the lactonic material from 
fractions (i) and (ii) and (iii), and the whole distilled. Two fractions were 
collected : (a) b. p. 90—105°/5 mm., small in amount, and (6) b. p. 105—116°/5 
mm,; there was no residue. Redistillation of fraction (b) gave pure 5-chloro- 
hezxolactone, a colourless oil, b. p. 115—116°/5 mm. (Found : Cl, 238%). This 
lactone, characterised by a high degree of stability towards nitric and chromic 
acids, with both of which it gave small yields of succinic acid on heating, was 
examined side by side with the reduction product (catalytic) of the af-un- 
saturated chloro-lactone derived from sorbic acid and HOCI. The two 
saturated chloro-lactones were indistinguishable in ordinary properties, but 
identity of constitution was not directly demonstrated by degradation: the 
unsaturated chloro-lactone from sorbic acid, however, was definitely shown to 
have the canstitution CHC CH CHLOE O00. 


Addition to A*-Hexenoic Acid.—To the pure A*-acid (Goldberg and Linstead, 
J., 1928, 2351) in cold Et,O, the requisite quantity of 2% HOCI aq. was 
gradually added. Absorption required 80 hrs. at 0° for completion, but the 
bulk of the reagent disappeared in a much shorter time. The product was a 
colourless, rather viscous acidic oil, the Clcontent (18-45%) and basicity (M, 172) 
of which were too low to correspond to those of the expected chlorohydrin 
(C,H,,0,Cl requires Cl, 21:3%; M, monobasic, 166-5). On distillation the 
product separated into two almost equal fractions : (i) of b. p. 95—118°/5 mm., 
solidifiable in a freezing mixture, and (ii) of b. p. 134—136°/5 mm.,, which 
solidified on cooling. Theasecond was a chloro-hydroxy-acid (colourless 
prisms, m. p. 82°, from C,H,) (Found : Cl, 21-3%; M, 168-5) which was defin- 
itely different from the acid of m. p. 83—84° obtained (see above) from A®- 
hexenoic acid. The first fraction remained only partly solid at room temp., 
and from it could be separated by further fractional distillation and crystn., 
unchanged A*-hexenoic acid,* a further quantity of the chloro-hydroxy-acid, 
and a liquid product. Complete separation of the reaction products was 
effected by repeatedly extracting the crude liquid product with H,O until no 
further contraction in vol. occurred and submitting the sol. and the insol. portion 
to rigorous fractional distillation and crystallisation. The proportion of 








* The hexenoic acid thus isolated was shown to be largely, if not entirely, 
present as such in the crude addition product. 
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unchanged acid in any sample could be determined with fair accuracy by 
titration with KMnQ,, since the chloro-addition products were stable to this 
reagent at room temp. In the table is shown the composition of the crude 
addition product in a typical experiment in which 25 g. of A*-hexenoic acid 
were employed; of the latter, about 70% suffered conversion into chloro- 
hydrins or their derivatives. In the last col., R is the wt. (g.) of A*-hexenoic 
acid corresponding to the wt. of product in the preceding col. 
R. 
Sol. in (a) Solid chlorohydrin, m. p. 82° . 5°98 
H,0\ (b) oil! 4c-hexenoic acid ° 1-68 
(oily addition products (mixed) . 6°5 
(i) b. p. 98°/3 mm. (Ae-hexenoic acid) 3°3 
85%. aa hexenoic 
( 2-55 


li) b. p. 100—110°/3 mm. 15% ssily addition 
| sroducts : 0-31 
(iii) b. 4. 110—128°/3 mm., oily addition pro- 
ucts (mixed) 4-4 3-02 
(iv) residue , 1-25 
32-6 24-6 

Constitution of the solid addition product. The solid chloro-hydroxy addition 
product (m. p. 82°) yielded a similar chlorine-free oil, probably consisting of 
B-hydroxyhexoic acid (a-hydroxyhexoic acid is cryst. at room temp.) 
or aB-oxidohexoic acid, when reduced with Na—Hg and H,0 and with Zn dust 
and AcOH. Direct oxidation of these substances having provided no satis- 
factory evidence of constitution, attempts were made to achieve regulated 
degradation of the original chloro-hydroxy-acid. This acid was stable to 
80% H,S8O,, to P,O,, and to oxidising agents. Dehydrochlorination with 
2 mols. of ale. NaOH produced instantaneously and quantitatively an acid 
which gave no colour with FeCl,, was stable to KMnQ,, and was doubtless 
aB-oxidohexoic acid, from the further investigation of which no useful evidence 
could be derived. 

The chloro-hydroxy-acid was acetylated by excess of hot Ac,Q-AcOH 
containing a trace of H,SO,. The oily product was a slightly impure chloro- 
acetoxyhexoic acid (Found: Cl, 15°45. C,H,,0,Cl requires Cl, 17-0%) which 
did not lose HCl when titrated with ale. NaOH. On treatment with Na-Hg in 
presence of CO, reduction took place unaccompanied by serious hydrolysis. 
The derived oily acetoxyhexoic acid was kept over KOH in an evacuated 
desiccator for several days and then hydrolysed with ale. KOH. The product 
was an oil which, oxidised with alkaline KMnQ,, yielded first butaldehyde * 
and later small quantities of butyric and oxalic acids: a much larger yield of 
butyric acid (b. p. 70—80°/10 mm.) was obtained by oxidation on a steam-bath 
with K,Cr,0, and H,SO, (4 O supplied). 

There was little doubt from the foregoing that the solid chloro-hydroxy-acid 
contained a 8-hydroxyl group. Additional proof that it was, indeed, a-chloro- 
B-hydroxyhexoic acid was afforded by its behaviour with K,Cr,0,-H,SO,: 
oxidation was slow in the cold, but the odour of butyric acid (not butalde- 
hyde) soon became apparent; on warming, the production of butyric acid 





* Since this aldehyde was not isolable either as such or as its p-nitrophenyl- 
hydrazone, it was probably derived from a trace of aB-unsaturated acid present 
as impurity. No butyrylacetic acid was isolated at this stage, but a small’ 
yield of a p- aeopiany Ihydrazone, m. p. 197°, was obtained. 

3x2 
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was accelerated, and 90% of the chlorohydrin was thus converted into this 
acid, the remainder being recovered unchanged. 

Constitution of the liquid addition products. After separation of the bulk of 
the two main constituents of the water-soluble portion of the addition product 
in solid condition (see table, p. 2069) there remained an oil which still contained 
about 15% of hexenoic acid as estimated by KMnQ, titration. This deposited 
on long standing about } of its wt. of the same (very sticky) chlorohydroxy- 
acid and there remained after filtration an oily acid, which could not be freed 
from residual hexenoic acid and consisted mainly of a liquid addition product 
(chlorohydrin), the proportion of which in the original mixture of addition 
products amounted at most to 16%. It was more resistant to K,Cr,0,-H,SO, 
than the solid chloro-hydroxy-acid, but on gentle warming (the equivalent of 
4 O per mol. of chloro-hydroxy-acid was taken) a mixture of fumaric acid and 
various fatty acids was obtained. The fatty acid mixture on distillation 
yielded much butyric acid, but no a-chlorovaleric acid. It was probable, 
therefore, that the chlorine atom was attached exclusively to the a-carbon 
atom. 

As in the case of the solid chloro-hydroxy-acid the liquid addition product 
was converted via its acetyl derivative and the chlorine-free acetoxy-compound 
into a colourless, H,O-sol., oily acid. The amount of this was very small, 
but on oxidation with slightly warm alkaline KMnO, it gave the products 
butyric and oxalic acids to be expected from f-hydroxyhexoic acid. It was 
therefore concluded that the liquid addition product consisted essentially of 
a-chloro-8-hydroxyhexoic acid. 

The oily material composing fraction (c) (iii) of the crude addition product 
(see p. 2069) yielded on long standing a little more of the chlorohydrin, m. p. 
82°. Although the residual oil was still adulterated with a little A*-hexenoic 
acid, its halogen content was greater than that required for a simple chloro- 
hydrin (Found : Cl, 28-9%) and it doubtless contained chloro-hydroxy-acids 
admixed with dichlorinated material. 

The viscous residue composing fraction (c) (iv) of the crude addition product 
(see p. 2069) was insol. in H,O and therefore probably consisted of intermole- 
cular condensation products of the simple chlorohydrins together with a 
little polymerised hexenoic acid (Found: Cl, 20-2%). 

(B) Products derived by Use of Ethyl Hypochlorite. 

Solutions of Ethyl Hypochlorite.—Solution (1), in CCl,, was prepared by 
Taylor, MacMullan, and Gammal’s method (loc. cit.). Solution (2) was 
obtained by preparing EtOCl in nearly pure condition in a dark room, drying 
it over CaCl,, and dissolving it in dry Et,O in a blackened glass-stoppered 
vessel (about 10% solution). 

Addition to Sorbie and Crotonic Acids.—Samples of each acid (5 g.) in solu- 
tions (1) and (2) were kept in the cold until no EtOCI] remained (about 20 hrs.). 
Most of the acid was recovered unchanged, the reagent having decomposed into 
CH,°CHO and HCl, but from sorbic acid, in either solution, 0-6—0-7 g. of crude 
addition product was obtained which was shown by interaction with HI aq. to 
contain some ethoxylated material. 

Addition to A®8-Hexenoic Acid.—This acid, unlike sorbic and crotonic acids, 
did not promote the decomposition of EtOCl. On the contrary the two 
substances reacted at a fairly constant rate below 0°, addition becoming 
complete in about 3 days. 
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(1) The product obtained from 10 g. of A8-hexenoic acid by treatment with 
the calc. quantity of solution (1) was washed with NaHCO, aq. and freed from 
CCl, without the application of heat. The oily residue, which deposited a 
few crystals, m. p. 169—170°, was filtered and distilled. It yielded (i) a 
colourless lactonic oil (2-7 g.) b. p. 80°/5 mm. (Found : Cl, 22-2%), resembling 
the volatile form of B-chlorohexolactone (p. 2067), and (ii) a decomposable lac- 
tonic residue (5 g.), which slowly yielded more of the cryst. solid, m. p. 169— 
170°: this solid, m. p. 175° after recrystn. from C,H,, was identical with the 
solid £-chlorohexolactone (p. 2067). The total yield of lactone was 92% 
of the theoretical. 

(2) The product obtained by treating A®’-hexenoic acid (24g.) with the 
calc. quantity of solution (2) was similarly washed with NaHCO, aq. 
and freed from solvent. The oily residue yielded the volatile form (b. p. 
80°/5 mm.) of B-chlorohexolactone (15-6 g.) (Found: Cl, 23-7%) and a rather 
smaller quantity of decomposable lactone (12-9 g.) which appeared to be 
identical with the crude stereoisomeric form of f-chlorohexolactone. The 
NaHCO, washings yielded an oil (1-42 g.) which contained both lactonic and 
acidic material. The acidic material appeared to be unchanged hexenoic acid, 
and the lactonic material contained some ethoxylated material. The former 
of these was estimated by KMn0Q, titration, and the latter by the Zeisel 
method : the figures obtained indicate that the portion of the addition product 
sol. in NaHCO, aq. consisted of chloroethoxyhexenoic acid, 194%, A®-hexenoic 
acid, 37-4%, and chlorohexolactone, 43-2%, which corresponded closely to 
the determined halogen content of the mixture (Found : Cl, 13-7. Calc., 13-8%) 
and reasonably well to the observed basicity. The quantity of the 
chloro-ethoxy-compound thus estimated represents less than 1% of the 
A®-hexenoic acid originally taken. 


(C) Lactone Formation by Halogen Addition. ' 

Chlorination of A®-Hexenoic Acid in Hexane and in Ether.—An ice-cold 
solution of Cl in n-hexane (37 c.c. of 6-7% solution) was gradually added to a 
cold solution of the acid in the same solvent (4 g. in 60 c.c. at —8°). HCl was 
at once evolved, and f-chlorohexolactone separated. The product consisted 
of a mixture of distillable f-chlorohexolactone (2-3 g.) (b. p. 80°/4 mm.) 
(Found: Cl, 23-85%) and a decomposable lactonic residue (2-7 g.) similar to 
those previously obtained (total yield of lactone, 96%). 

When chlorination was conducted in an ethereal medium under conditions 
similar to those used in carrying out the above-described additions of HOCI 
and EtOCl, HCl was again liberated continuously through the reaction and 
the products were identical in nature, and nearly so in proportion, with those 
obtained in hexane solution. Total yield of lactone, 97%. 


The authors thank the Government Grant Committee of the Royal 
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289. Properties of Conjugated Compounds. Part 
XVIII. Addition of Hypochlorous Acid to Sorbic 
Acid. 


By G. F. BLooMFizEvp and E. H. Farmer. 


Ir hypochlorous acid enters into reaction in a molecular condition, 
d+ 6— 
polarised exclusively in the manner CIOH (see preceding paper), 


it should be possible on the basis of Lapworth’s classification of 
reagents (Nature, 1925, 115, 625) to determine the point of additive 
attack in conjugated carbon chains. 

The addition products of the butadiene-«-carboxylic acids with 
hypochlorous acid can be separated almost quantitatively, and 
therefore it is possible to determine the relative importance of oppos- 
ing additive tendencies in this series with fair accuracy. Sorbic 
acid reacts fairly rapidly with cold aqueous hypochlorous acid, at a 
rate depending apparently to some extent on the purity of the 
unsaturated acid. The product is always a mixture of several 
substances, formed by reactions involving almost exclusively the 
ys-double bond of the unsaturated acid. The chief solid product 
is a mixture of the acid CHMeCl-CH(OH)-CH:CH-CO,H and its 
y-lactone, representing 50—60°%, of the sorbic acid consumed: the 
two components (acid 80%, lactone 20%) undergo interconversion 
so readily that neither can be separated in pure form; their con- 
stitutions, however, have been fully established by reduction and 
degradative processes (p. 2074). The remainder of the addition 
product consists almost entirely of two substances, (a) a liquid 
lactone, stereoisomeric with the solid form, and (6) a dichlorohydrin 
—the two representing respectively 20—25% and 15—30% of the 
sorbic acid consumed. Still another addition product (apparently 
less than 1% of the total) is not isolable in its original form, but is 
converted into a crystalline saturated chloro-hydroxy-acid when 
the crude solid addition product is fully hydrogenated : it is almost 
certainly not an «$-addition product, since the only solid chloro- 
hydrin obtainable by the interaction of A*-hexenoic acid with 
hypochlorous acid (preceding paper) differs from the reduced acid 
here obtained. 

The total yield of simple addition product in which the components 
of the addendum are unmistakably oriented at the y3-carbon atoms 
in the manner >C;Cl-C,(OH)< amounts to 70—85%, of the sorbic 
acid consumed. But the dichlorohydrin mentioned above (b) is 
found on oxidation to contain a chlorine atom attached to C; and 
may possibly be derived by the addition of a second molecule of the 
reagent to a primarily formed y3-addition product; on the other 
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hand, it may arise from a primarily formed «8-chlorohydrin, thus 
having the formula CHMeCl-CH-CHCI-CH(OH)-CO, and this view 
O J 





receives a measure of support from the fact that the solid y3-chloro- 
hydrin shows no tendency, when isolated, to react with hypochlorous 
acid. There is, however, a further important possibility, viz., that 
both double bonds of the conjugated acid have suffered attack 
simultaneously, each being separately polarised before addition com- 
menced * : in this case the orientation of the addition might well be 
different from that arising by addition of the reagent first to a con- 
jugated system and then to the resulting ethylenic system. 

On the basis of the original assumption it is clear, therefore, that 
practically the whole of the conjugated material suffers attack 
(uniquely except in so far as simultaneous attack at the two ethylenic 
centres occurs) at the 3-carbon atom of the chain; the reservation 
with regard to the complete uniformity of additive attack at this 
point refers to the fact that a little of the sorbic acid (less than 1%) 
yielded, as stated, a solid addition product of undetermined orient- 
ation and also that the liquid addition products could have been 
contaminated with traces of isomeric compounds without detection. 

The indications here provided with respect to the initiation of 
attack uniquely at a terminal carbon atom of the chain are in agree- 
ment with all the indications afforded by the work (mainly un- 
published) of one of the authors on hydrogen bromide addition.f 
While the present investigation was in progress, however, there 
appeared a description of the manner of hypochlorous acid addition 
to the lower homologue of sorbic acid which seems to afford strong 
indication in the contrary sense. Muskat and Hudson (J. Amer. 
Chem. Soc., 1931, 53, 3178) have formulated the addition product 
of 8-vinylacrylic acid with hypochlorous acid as y-chloro-8-hydroxy- 
As-pentenoic acid, CH,(OH)-CHCl-CH:CH-CO,H. If this represent- 
ation were correct, it would follow on the basic assumptions noted 
above that the butadiene chain is susceptible of attack at the 
y-carbon atom. The present authors, however, early observed that 


* Results recently obtained in the catalytic hydrogenation of various 
butadiene-a-carboxylic acids leave little doubt that such simultaneous attack 
is quite distinct from rapidly occurring consecutive attacks; in the case of 
hydrogenation, however, only one double-addition product is of course 
obtainable. 

+ With respect to addenda of the Michael type—the’ most investigated of 
all the unsymmetrical addenda which have been employed with conjugated 
eompounds—it is probable that attack can occur at a non-terminal carbon atom, 
but in this ease the activation of the conjugated chain would be kationoid 
ingharacter (compare Farmer and Mehta, J., 1930, 1610; 1931, 1904; Bloom 


and Ingold, J., 1931, 2765). 
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8-vinylacrylic acid, like sorbic acid, yielded a mixture of solid and 
liquid products with hypochlorous acid, the liquid product being 
mainly lactonic. Although no detailed investigation of this example 
has been carried out, the authors have now found that both the solid 
and the liquid product give much chloroacetic acid on oxidation : 
clearly, therefore, the additive mode recorded by Muskat and Hudson 
does not apply to the solid product or to (at least) a large proportion 
of the liquid product. Consequently the evidence in favour of 
attack at a non-terminal atom disappears and, in addition, the addi- 
tive hypothesis of Muskat and Northrup (J. Amer. Chem. Soc., 
1930, 52, 4043)—compounded of the well-known anionotropic 
principle and alternate polarity—falls completely to the ground. 



















EXPERIMENTAL. 
o/. 


Addition to Sorbic Acid.—HOClaq. (420 c.c. of 1:31%; 1-17 mols.) was 
added in small portions with shaking to a solution of sorbic acid (10 g. ; Pmol.) 
in Et,0 (1 1.) maintained at —5° to —6°, each portion being allowed to react 
completely before the succeeding portion was added. When only a trace of 
the reagent remained, the aq. layer was separated, saturated with NaCl, and 
extracted with Et,0. The combined ethereal liquors were dried and evaporated: 
the oily residue deposited crystals of sorbic acid (1-5 g.) when strongly cooled, 
and after filtration set to an oily paste in a vacuum desiccator. This crude 
product was shaken with cold H,O (20 c.c.): the insol. portion was a viscous 
brown oil (2 g.), and the sol. portion, after re-extraction and drying, was a 
colourless oil which solidified almost completely. The latter product, drained 
on porous tile and crystallised from C,H,, formed hard nodules (4 g.), m. p. 
75—81°, sol. in many of the usual org. solvents (not in petroleum); it was 
acidic and contained chlorine. 

A similar addition of the reagent (exactly 1 mol.) to sorbic acid (10 g.) gave 
unchanged acid (2-5 g.), brown oil (3 g.), and solid addition product (6-5 g.). 

(A) The solid addition product. This varied continuously in m. p. through- 
out a series of five crystns. from CHC], (from 75—83° to 92-5—93°) and had a 
Cl content (Found, 23-1%) too high for the simple mono-addition product 
(Cl, 21-55%), much too low for a di-addition product or a chlorine addition 
product, and somewhat too low for a dehydrated mono-addition product. 
The basicity of the many times recryst. specimen (M, 196) corresponded to 
the presence of 83-6 % of the simple (acidic) chlorohydrin C,H,O,Cl, and 16-4% 
of the corresponding lactone, C,H,O,Cl; the basicity of a once recryst. speci- 
men corresponded to a lactone content of 20-56%. On account of their mutual 
relationship and for reasons which appear below, the two substances are 
regarded as §-chloro-y-hydroxy-A*-hexenoic acid and the y-lactone thereof. 
The silver salt of the mixture was obtainable free from AgCl in the usual way 
(Found: Cl, 13-2; Ag, 39-9. C,H,O,ClAg requires Cl, 13-1; Ag, 398%). 

Hydrogenation of the solid lactone—acid mixture. The recryst. chlorohydrin 
(34 g.) was catalytically reduced in aq. solution in presence of colloidal Pd at 
atm. press. The product was a pale yellow, mobile oil containing, a trace of 
cryst. matter; the latter was strongly acidic and could be extracted with 
NaHCO,aq., but the oil (a solid below —10°) dissolved extremely slowly in 
NaHC0O,aq., producing no efferv., and only gradually in NaQHaq. The oil 
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was stable towards KMnQ,, and distilled as a colourless mobile fragrant liquid, 
b. p. 120°/9 mm. (115°/5 mm.), m. p. 11-5° (approx.): from the evidence 
adduced hereafter, it is shown to be 8-chlorohexolactone (Found : Cl, 23-9. 
Cale. for C,H,O,Cl : Cl, 23-99%). Ithas also been obtained by a method which 
leaves no doubt as to the yé-position taken up by the components of the 
addendum (see preceding paper). 

The residue (2-8 g.) remaining after the distillation was washed with 
NaHCO,aq. and then yielded 1-2 g. of the same chloro-lactone (Found : Cl, 
23-85%). From the washings an oil was regenerated which, after solidifying 
with difficulty, was triturated with hot C,H,; the solid obtained (0-15 g.), 
m. p. 141—142°, was readily sol. in H,O, Et,0, and Me,CO, insol. in petroleum, 
C,H,, and CHCl,, could not be crystallised, and appeared to be a chloro- 
hydroxy-acid (Found : Cl, 22-2. Cale. for C,H,,0,Cl: Cl, 21-3%). 

Reduction and oxidation of the hydrogenation product. A solution of the 
sat. chloro-lactone (7 g.) in aq. EtOH was treated with 4% Na—Hg (150 g.) 
in a stream of CO,. The Hg was washed, Na salts removed, and EtOH 
partly distilled at reduced press. The united Na salts and solution were 
acidified, and the reduced product extracted with Et,0. The extract yielded 
(i) a trace of floceulent halogen-free acid, m. p. 55° (crude), and (ii) an oil, 
which distilled below 130°/20 mm., leaving a little viscous acid. The volatile 
product, washed (NaHCO,aq.) and dried in Et,O, gave 0-2 g. of a neutral 
halogen-free mobile oil with the odour of hexolactone. 

The sat. chloro-lactone was oxidised by warm K,Cr,0,-H,SO,, CO, being 
evolved. By extraction with Et,O small quantities of succinic acid (confirmed 
by comparison with an authentic specimen), AcOH, and oily material were 
obtained. 

Oxidation of the chloro-lactone with hot conc. (d 1-42) and fuming HNO, 
(1 : 1) produced a little succinic acid and a neutral oil. 

Oxidation of the solid lactone—acid mixture. (a) With ozone. 5G.,m.p.93—94°, 
were ozonised in purified AcOEt for 50 hrs. The product was freed from 
solvent, heated with H,O, and extracted with Et,0; from the mother-liquor, 
oxalic acid was pptd. as Ca salt. The ethereal extract yielded a little oxalic 
acid and 3-2 g. of unchanged chlorohydrin to NaHCO,aq. and then contained 
a colourless oil, which gave a colour with Schiff’s reagent and after standing 
for a few days with H,O,aq. yielded colourless prismatic crystals of a halogen- 
free substance, m. p. 87—94° after recrystn. from aq. EtOH, the constitution 
of which was not discovered. 

(b) With neutral permanganate. The mixture (neutralised in H,O with 
NaHCO,) was treated with KMnO,-MgSO,aq. at 0°. Where 40 were supplied, 
the product consisted of oxalic acid and a very little oily chloro-acid but 
contained no AcOH. When 50 were supplied (the last O at room temp.), the 
same two products were obtained in rather larger yield. The oily acid 
distilled at 76—80°/9 mm. (approx.) as a colourless sharp-smelling oil, which 
appeared to be identical with the liquid chloro-acid described in (c). 

(c) With aqueous potassium dichromate—sulphuric acid. The lactone—acid 
mixture (1-5 g.) was dissolved in a quantity of reagent sufficient to supply 
60 per mol. of lactone. Reaction set in on warming and much CO, was 
evolved, but a considerable amount of K,Cr,0, remained even after boiling 
for a short time. The products, which were extracted in much Et,O, 
consisted of an oily chloro-acid, a trace of AcOH, and fumaric acid (methyl! 
ester, plates, m. p. 101°; mixed m. p. 100—101°). The oily acid, b. p. 74— 
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78° /9 mm. (approx.), was added to that obtained in (b) and redistilled. There 
was insufficient material to permit of adequate rectification, but the unsolidi- 
fiable distillate (b. p. 73—90°/9 mm.; 186—187°/776 mm.) appeared to be 
slightly impure a-chloropropionic acid (Found: Cl, 30-6; M, monobasic, 
115. Cale.: Cl, 32-7%; M, 108-5). The oily acid was converted into 
methylmalonic acid by the aid of KCN : the darksticky solid, m. p. 110—120°, 
first obtained was decolorised in H,O with charcoal, and the solution con- 
centrated over H,SO,; the white crystals obtained, m. p. 132°, depressed the 
m. p. of malonic acid but not that of methylmalonic acid. 

The nature of the oxidation products obtained in this section furnishes 
abundant confirmation that the original lactone-acid mixture consisted of 
8-chloro-y-hydroxy-A*-hexenoic acid and the corresponding y-lactone. 

(B) The liquid addition products. The brown oil which accompanied the 
solid addition product was a mixture of several substances. In order to 
facilitate the economical isolation of the latter in sufficiently large quantities 
and also to afford a means of determining the composition of the original 
crude addition product from experiment to experiment, the following separ- 
ative procedure was adopted. 

The ethereal solution of the crude addition product was concentrated to 
smaller bulk and extracted with NaHCO,aq. The alkaline solution was 
extracted with fresh Et,0, and the extract combined with the main ethereal 
solution. The ethereal liquor then contained an oily material (substance A). 
The alkaline liquor contained sorbic acid, the above-described solid lactone— 
acid mixture, and an oily addition product (substance B). On acidification 
the sorbic acid was pptd. together with substance B; the crystals of the former 
were filtered off and washed with H,O, and substance B was obtained together 
with the solid lactone—acid mixture by repeated extraction of the oily filtrate 
with Et,O and evaporation of the extract. The residue so obtained was 
very thoroughly agitated with a little H,O: the solid lactone—acid mixture 
dissolved, and was recovered by extraction with Et,0, whereas substance B 
remained undissolved. 

Examination of substance B. This was a viscous oil which decomposed above 
140°/5 mm., yielding a sublimate of sorbic acid. It reduced KMnO, rapidly 
and effervesced vigorously on treatment with NaHCO,aq., but gave an in- 
definite end-point on titration with baryta. There is every indication that it 
is to be formulated as an unstable form (readily suffering ring-opening) of the 
y-lactone of 8-chloro-y-hydroxy-A*-hexenoic acid, isomeric with the solid form 
already described (Found: Cl, 24-05. C,H,O,Cl requires Cl, 24-2%). Con- 
firmation of this constitution was furnished by the nature of the products 
obtained (a) on hydrogenation and (b) on oxidation. 

Hydrogenation. The chloro-lactone (20 g., dissolved in H,O, 200 c.c., and 
Me,CO, 300 c.c.) was catalytically reduced in presence of colloidal Pd, about 
33% in excess of 1 mol. of H, being absorbed. A lactone—acid mixture 
(16 g.) was obtained, from an ethereal solution of which NaHCO,aq. extracted 
the acidic portion (8 g.); this was regenerated and distilled, yielding some 
lactone (1-8 g.), which was combined with the lactonic material obtained from 
the ethereal liquor. From the acidic residue (5-1 g.), by re-treatment with 
NaHC0O,aq., a further small quantity of lactone was removed: the acid 
(4g., obviously not homogeneous) (Found : Cl, 20-3%) could not be identified. 
The combined lactonic portions (7-5 g.) distilled at 80—100°/5 mm., but 
consisted almost entirely of two substances which were not completely separ- 
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able by fractional distillation. The more volatile, b. p. 80—82°/5 mm., was 
nearly free from Cl and had the characteristics of hexolactone; the remainder, 
b. p. 82—106°/5 mm., was a mixture of this substance with a chloro-lactone, 
doubtless -chlorohexolactone. 

Oxidation. The chloro-lactone (5-5 g.) was oxidised in the same way (b) 
as the solid lactone-acid mixture, the fifth O being supplied at room temp. : 
the rate of oxidation was slower than with the latter mixture. The reaction 
mixture was decolorised with SO,, acidified with dil. H,SO,, and extracted 
with Et,0. The extract yielded an oil (2-25 g.) which contained some oxalic 
acid but only a trace of AcOH (less than 0-05 g.). The main constituent of 
the oil was a-chloropropionic acid, which distilled as a colourless oil (0-7 g.-), 
b. p. 60—80°/9 mm., leaving a dark undistillable residue (1-5 g.). The 
chloro-acid was readily convertible with the aid of KCN into methylmalonic 
acid. 

Examination of substance A. This non-acidic mobile oil was stable in 
ethereal solution, but darkened rapidly after several days when freed, from 
solvent. It contained Cl, reduced KMnQ,, and decomposed above 110°/5 mm. 
to give sorbic acid. Although it gave a pink colour with Schiff’s reagent, it 
was not an aldehydic degradation product of a monochlorohydrin: rather 
it appeared to be the somewhat impure y-lactone of a dichlorohydrin—either 
of a8-dichloro-By-dihydroxyhexoic acid or of f3-dichloro-ay-dihydroxyhexoic 
acid. Attempts to obtain a Cl-free derivative by treatment with Na-Hg 
failed : the product was a mixture of a saturated lactonic oil and an unsatur- 
ated acidic oil, both of which contained Cl. Dehalogenation by means of Zn 
and EtOH was also unsuccessful. Proof, however, that in the formation of 
substance A 1 mol. of HOC] had become attached at the y3-double bond of sorbic 
acid was obtained by oxidation. The oil (5-2 g.) was treated at 0° with 3% 
KMn0,aq. (700 c.c.) which contained sufficient AcOH to neutralise the alkali 
liberated during oxidation, the temp. being finally allowed to tise to 20—25°. 
The product was a-chloropropionic acid, admixed of course with ACOH. The 
former was isolated by fractional distillation and converted into methyl- 
malonic acid. 

Attempted Formation of Dichlorohydrins.—To an ethereal solution of sorbic 
acid (5 g.), 1 mol. of HOCI was added, and then, when that had completely 
reacted (14 hrs.), a second mol., which disappeared only after 60 hrs. No 
addition products other than those described above were found; some of the 
sorbic acid had, however, undergone oxidation to AcOH. 


Addition product, 1 Mol. HOCI. 2 Mols. HOCI. 
SNEED». cpovdlidsanseneaecipensestonenens 3°5 g. 4-1 g. 
PONE cchaceabdbatumcouresesastiart 15 1-5 
Non-acidic Oi]  .........cccceccvesecees 0-75 2-4 
Unchanged sorbic acid ..........++5 1-0 0-0 

6°75 8-0 


* Cl, 21-25%; lactone content, 23-6%,. 


The proportion of the non-acidic oil which contains the di-addition product 

(see above) increases somewhat with the increased proportion of the reagent. 
Attempted addition of a second molecule of the reagent to the solid (y8-) 

mono-addition product failed entirely : slight oxidation occurred but there 

was no addition. 

Rate of Addition.—This was far from constant with different preps. of 








2078 GOODEVE AND POWNEY : 


sorbic acid but was approximately the same for any one prep. The records 
of 9 experiments showed that the time of addition for very carefully purified 
specimens was only from } to } that required for less pure specimens. 

Yield of Addition Products.—The percentages of the products isolated in the 
different experiments varied almost solely in accordance with the proportion 
of the sorbic acid which had entered into reaction. Special experiments in 
which considerable quantities of material were employed showed that the solid 
lactone—acid mixture is formed from about 50—60%, the acidic liquid isomeride 
of the lactonic component of this mixture (y-lactone of 5-chloro-y-hydroxy- 
A+-hexenoic acid) from about 20—25%, and other products, including the di- 
addition product, from 15—30% of the sorbic acid consumed. 6-Addition 
products (of the two varieties) thus appear to be formed from 70—85%, and 
possibly more, of the sorbic acid consumed. 


The authors thank the Government Grant Committee of the 
Royal Society and the Chemical Society for grants. 


IMPERIAL CoLLEGE, LonpDon, S.W. 7. [Received, May 7th, 1932.] 





290. The Vapour Pressure of Chlorine Heptoxide. 
By C. F. GoopEvz and J. PowNey. 


CHLORINE heptoxide was first isolated by Michael and Conn (Amer. 
Chem. J., 1900, 23, 444), who prepared it by adding anhydrous 
perchloric acid very slowly to phosphoric oxide cooled below —10°. 
The mixture was kept for a day and then distilled at 82°. They 
state that the apparatus may be virtually pulverised by an explosion 


and emphasise the necessity of adequate protection. 

As a preliminary to further investigations of chlorine heptoxide it 
was necessary to measure its vapour pressure, for which data are 
lacking. 

Cl,0, was prepared by a modified method in which an endeavour was made 
to minimise the risk of explosion, and only very small quantities (0-5—1 c.c.) 
were prepared at atime. The prep. was always carried out at low pressure in 
order to avoid the use of high temps. A slow stream of air was passed through 
the reaction vessel by means of a high-resistance copper-plated graphite leak, 
its purpose being to carry the Cl,0, through the P,O, tubes into the collecting 
traps. It also helped to prevent superheating of the reaction mixture. A 
60% solution of HCIO, was first concentrated as far as possible by distilling 
off H,O at low pressure into a side trap. The conc. acid was then surrounded 
with solid CO,-EtOH, and P,O, slowly added through a side tube The 
pressure was lowered with a Hyvac pump, and the mixture allowed to warm 
slowly to room temp. and finally warmed to about 40°, at which temp. C1,0, 
was freely evolved, being collected in the first trap surrounded by CO,-EtOH. 
It was distilled several times through a second P,O, tube, passed over 
freshly reduced CuO turnings to remove last traces of lower oxides and Cl, 
and fractionated until a pure colourless sample was obtained. Further 
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samples were prepared as required, by adding more P,O, to the HClO, and 
warming the mixture. All the taps were lubricated with graphite and HPO,. 

The pure Cl,O, was distilled into a trap connected to the Hg manometer (a 
preliminary test had shown that pure Cl,0, does not readily corrode Hg). 
The pressures were measured with a cathetometer reading to 0-01 cm. The 
zero level of the Hg meniscus was adjusted with the aid of an electrical circuit 
as shown in Fig. 1. As it was essential that there should be no arcing at the 
Pt—Hg contact, a current of 0-5 milliamp. at 0-01 volt was employed, and a 
milliammeter used as an indicating device. The contacts were shunted with 
a large condenser. Slight corrosion of the Hg did not affect the zero adjust- 
ment. The Cl,0, was maintained at the required temp. by surrounding it with 
a jacket containing cooled EtOH, ice—-salt mixture, or water. After each 


Fig. 1. 


Reduced Cud 



































successive v.p. reading, quantities of the vapour were passed into a quartz cell 
and the absorption spectrum determined, a Hilger visual spectrograph being 
used. Any traces of ClO, present were clearly shown by its characteristic 
absorption bands. This was found to be a very sensitive test of purity, for 
(1,0, absorbs light only in the far ultra-violet region, whilst ClO, exhibits 
well-marked bands in the near ultra-violet at pressures as lowas 0-01 mm. It 
was impossible to remove every trace of ClO,, but v.p. readings of any fraction 
were rejected if the intensity of the ClO, bands appeared excessive. V.p. 
readings were taken both with the temp. slowly increasing and decreasing. 
Reliable results could not be obtained at temps. much above 30° owing to 
thermal decomp. of the Cl,O, and subsequent corrosion of the Hg. Above 
toom temp. measurements were made with the whole of the manometer 
system jacketed and heated to a temp. slightly greater than that of the liquid 
(1,0, in the trap. 

The Vapour Pressure and Boiling Point.—The values obtained for the v.p. of 
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Cl,0, are given in Table I. When their logarithms are plotted against the 
reciprocals of the absolute temp., a straight line is obtained. The correspond- 
ing equation is logy, P (mm.) = —1818/T + 8-03. 


TABLE I. 


7’ (Abs.). P (mm.). 7' (Abs.). P (mm.). 7' (Abs.). P (mm.). 
244-0° 4-0 265-0° 141 289-5° 55-1 
252-0 7-0 273-0 23-7 293-3 72-0 
253-5 6-7 281-0 36°7 301-5 93-6 
259-5 9-1 287-0 48-9 303-0 108-0 
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n of the v.p. curve, the b. p. of Cl,O, is found to be 80° (+: 1°) 


By extrapolatio 
ctly observed by Michael and Conn. 


This value agrees closely with that (82°) dire 
From the slope of the line, the latent heat of evaporation has been found to be 
$290 cals. per g.-mol. The entropy change at the b. p. is L,/T’ = 23-4, and 
according to Trouton such a value indicates that the liquid is only slightly 


associated. 
The Melting Point. 
C1,O, is still liquid at — 78° 


—The m. p. of Cl,0, has not previously been determined : 
, but freezes to a white solid at liquid-air temp. 

A special apparatus was designed to measure the m. p. of the necessarily 
small quantity (see Fig. 2a). The lower bulb was made to hold about 0-5 ¢.¢. 
of Cl,O,. A copper—constantan thermo-junction, contained in a fine glass 
capillary tube, was arranged so that its lower end was immersed in the liquid. 
A small piece of Wood’s metal was placed round the end of the junction t 
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ensure good thermal contact with the glass tube. A Cu cup was fitted loosely 
round the outside of the bulb in order to ensure uniform cooling, and to give a 
sharper transition point. The lower end of the main tube was surrounded by 
one or more air jackets to provide sufficient lagging. A simplified form of a 
special micro-potentiometer circuit devised by Guild (J. Sci. Inst., 1930, 7, 
378) was used to measure the thermocouple H#.M.F.’s (see Fig. 2b).. A volt- 
age step-up factor of 400 was employed, and readings made directly with a 
Weston standard 0—2000 mv. voltmeter. The whole of the lower end of the 
apparatus was surrounded with liquid air and Cl,0, distilled over into the small 
bulb. The Cl,O, was then completely frozen and the liquid air removed. 
Readings of Z.M.F. were taken whilst the Cl,0, was warming, and a time— 
E.M.F. curve plotted. A series of curves was obtained having definite breaks, 
due to the latent heat of fusion, corresponding to the m. p. A similar series 
of cooling curves was obtained having breaks close to those on the warming 
eurves. Supercooling oecurred to a considerable extent, and very careful 
adjustment of the degree of lagging was necessary in order not to miss the 
transition point. 

The thermocouple had been previously calibrated under the conditions of 
the experiment, by distilling suitable pure liquids of known m. p.’s into the 
vessel, and obtaining warming and cooling curves in the manner previously 
indicated. Toluene (m. p. —94-5°) and CS, (m. p. —112°) were used for two 
points, and a third was obtained by surrounding the bulb, containing one of 
the liquids, with solid CO,-EtOH. The temperature of the freezing mixture 
was measured with a standard pentane thermometer and, after equilibrium 
had been reached, the corresponding #.M.F. was observed. From these 
measurements, the m. p. of Cl,O, was found to be —91-5° 42°. 


University CoLLEGE, LONDON. [Received, May 20th, 1932.] 





291. The Photochemical Oxidation of Alcohols by 
Potassium Dichromate. Part IV. 


By E. J. Bowen and J. E. Caatwin. 


Ix this paper is described an extension of the work (J., 1927, 2353 ; 
1929, 1648; 1931, 1866) on the photochemical oxidation of alcohols 
by potassium dichromate in aqueous solution. The lower aliphatic 
alcohols up to butyl, and some other oxidisable substances, have 
been used, at molar fractions of 0-005—0-5, The hydrogen-ion 
concentrations of the solutions have been varied from 10~ to 10-, 
and the dichromate-ion concentration from N /25 to N’/100. 


EXPERIMENTAL. 


The photochemical technique and methods of analysis have already been 
described. The accurate determination of the amount of change after exposure 
presents great difficulties. The solutions contain relatively a large amount of 
aleohol, while the dichromate is very dilute in order that measurable fractional 
thanges may be produced by reasonable exposures to light. Measurements 
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must be confined to the early stages of the oxidation to minimise errors due 
to the inner-filter action of the chromium ion formed. For the same reason 
the solutions must be kept well stirred. The suitability of colorimetric 
methods has been investigated. A method involving the colorimetric estim- 
ation of acetone for the particular case of the oxidation of isopropy! alcohol 
(J., 1931, 1866) cannot be extended to other alcohols. The colorimetric 
estimation of the residual dichromate using filtered light of any position in 
the spectrum is not very accurate owing to the absorption by the chromium 
ion, while the inverse process of colorimetric estimation of the chromium ion 
in presence of the dichromate in yellow light, not absorbed by the latter, is 
complicated by the variable colour of the chromium ion, which first appears 
in the green form and changes into the violet. Volumetric estimation of the 
K,Cr,0, in presence of the excess of alcohol leads to “induced oxidation ” 
errors which are very large for ferrous or titanous sulphate titrations. The 
most satisfactory method of following the change was found to be that used 
in the earlier work, viz., the estimation of the residual K,Cr,0, by titration of 
the I liberated by it from KI aq. 

Results.—The effect of two variables, the Cr,0,” ion, and the H’ conens. 
between 10~* and 107, had not been satisfactorily examined in the earlier work, 
In Table I are typical results, obtained by the KI method of estimation, showing 
the effect of these variables. At conens. below 10-** the H’ ion was controlled 
by AcOH-AcONa buffers, and above 10-15 by additions of H,SO,, For the 
intermediate region phthalate buffers were tried : although they were attacked 
photochemically by the dichromate, they could be used at the higher end of 
their range ({H:] = 10°) in presence of high alcohol conens. No other 
sufficiently stable buffer has been found, and until a suitable one is discovered 
the complete range of [H*] cannot be covered by measurement. The results 
of Table I, when plotted, give an S-shaped curve, showing that the efficiency 
at high [H’] tends to a limit about twice that at [H") = 10+. 


TABLE I. 
. » = 3665 A. 
(a) Mixtures containing 50% (by vol.) of methyl alcohol. 


Relative quantum efficiencies. 


pu Of mixture ........seeceseeeee 405 35 2-5 1-5 1-2 
K,Cr,0,=N/100... 101 103 127 1-75 1-82 

y, obs. at /K,Cr,0,=N/50 ... 0-97 103 124 165 1-77 
| K,Cr,0, = N/25 0-96 103 1-23 1-72 1-82 

OS ED vie cs RO NOEO 101 103 2124 £176 1:86 


(6) Mixtures containing 15% (by vol.) of ethyl alcohol. 
Dichromate concentration = N/25. 
Relative quantum efficiencies. 


ee CE MIMEUTO onc ccccccccecsececes 4-05 3-2 1-5 1-2 
Pp GUDs cvcsccccsscecssccocccsccegcoboaes 1-02 1-10 1-64 1-72 
Bp GOOD. - ccesecscvsrcecocccesscesesesve 1-01 1-05 1:7 1-85 


The results for ethyl and higher alcohols are less accurate than those for 
MeOH because of the larger corrections necessary for thermal reactions. 

In previous work it had been found that the quantum efficiency varied § 
little with the K,Cr,O, concn. The above and other measurements show that 
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no variation of this kind exists, and the effect has now been traced to inade- 
quate stirring during exposure in the earlier work. 
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Discussion. 


The results of this and of preceding work may now be summarised. 
The photoactive substance is the HCrO,’ ion, the ionic form of 
“dichromate ” in solution. The quantum efficiency of the oxid- 
ation of an acceptor (lower aliphatic alcohol) by this ion is: 
(1) practically independent of temperature between 0° and 60°; 
(2) independent of wave-length between 1 = 4360 and 3665 A.; 
(3) independent of the dichromate-ion concentration; (4) dependent 
on the hydrogen-ion concentration independently of the dichromate 
and acceptor concentration between [H*] = 10+ and 10-* because 
of the inner-filter action of the CrO,” ion on the photoactive HCrO,’ 
ion (J., 1931, 1866): above about [H*] = 10+, the dichromate 
solution is practically wholly in the form of the photoactive HCrO,’ 
ion; the quantum efficiency at higher hydrogen-ion concentrations, 
however, does not remain constant (Table I), but rises, at first slowly, 
then more rapidly, and appears to tend to a limit at high hydrogen- 
ion concentrations (this second effect of the hydrogen ion is discussed 
below); (5) varies linearly with the acceptor concentration at low 
values of this (see Table IT) ; (6) at very high acceptor concentrations 
appears to reach a limit of about 2HCrO,’ ions reduced at high 
hydrogen-ion concentrations, and about 1 at [H*] = 10+, per Av 
absorbed. 

These results point to a simple reaction mechanism, the most 
probable being as follows : 

HCrO,’ + Av —> HCr0,’* 
HCrO,’* + CH,-OH —-> CH,O + OH’ + H,O +Cr0,. 

In this first stage the sexavalent chromium is reduced to quadrivalent, 
and one alcohol molecule is oxidised per quantum absorbed. At 
low hydrogen-ion concentrations the quadrivalent chromium 
probably reacts with itself to give quinque- and ter-valent chromium, 
the former thermally oxidising another alcohol molecule and be- 
coming tervalent. The apparent doubling of the quantum efficiency 
at high hydrogen-ion concentrations was earlier attributed tentatively 
to the appearance of the dichromate ion HCr,0,’; this now seems 
very unlikely because of the trifling change in the absorption spec- 
trum produced by additions of small amounts of acid to solutions of 
dichromate (Hantzsch, Z. physikal. Chem., 1910, 72, 362). Since 
the limiting efficiency at very high acceptor and hydrogen-ion 
concentrations appears to be 2 (HCrO,’ ions per hy), the following 
additional mechanism suggests itself for acid solutions : 


H* + Cri¥V + Crv! —-» 2CrV 
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followed by thermal oxidation of 2 mols. of acceptor by the quinque- 
valent chromium. The variation of the efficiency with hydrogen-ion 
concentration should then be given by the equation 


efficiency = (1 + 2k{H"})/(1 + A{H’)) 


it being assumed that the rate of the last reaction is proportional to 
the concentrations [H"] and [Cr'¥]. The line “+, calc.” in Table I 
is obtained with a value of k = 100, and the results are probably in 
agreement with those measured within the experimental error. 

Experiments at Low Acceptor Concentrations.—Since in a simple 
photoreaction the number of molecules activated per sec. can be 
found much more precisely than in a thermal reaction, it was hoped 
that a study of the rates of the photoreaction at low concentrations 
of different acceptors would throw light on the question of collisional 
rates in liquids (see Moelwyn Hughes, this vol., p. 95; Chem. Rev., 
1932, 10, 241). Unfortunately, the results do not seem to lend 
themselves for this purpose : those for a number of acceptors are 
given in Table IT, in which represents the molar fraction of acceptor, 
y the quantum efficiency (HCrO,’ ions per hv), and r is explained 
below. 


TasBxe IT. 
A = 3665 A. 
Dichromate conen, N/50; [H"] buffered at 10-*. 
Ac- y/n, Ac- y/n, 
ceptor. n. y- mean. f. ceptor. n. Y- mean. f. 
MeOH 0-0136 0-0096 0-71 8-5 Pr8OH 00073 0-018 26 91 
0-0224 0-016 0-0123 0-033 
CH,O 0-0137 0-011 0-70 90 n-BuOH 0-0061 0-028 45 91 
0-0276 0-019 0-0103 0-047 
EtOH 0-0088 0-020 iso-BuOH 0-0060 0-025 42 9-2 
00154 0-034 23 9-0 0-0101 0-043 
0-0312 0-070 C,H,-CHO 0-0063 0-029 4-5 
CH,CHO 0-0098 0-022 2:2 90 Glycol 0-0098 0-028 29 8-0 
0:0168 0-037 0-0168 0-048 
PreOH 0-0074 0-021 2-6 9-0 Glycerol 0-0076 0-036 49 79 
00125 0-034 0-0128 0-063 


Glucose 0-0012 0-0146 
0-0023 0-031 12-9 
0-0046 0-061 


The mechanism by which the HCrO,' ion becomes reactive 
may be one of the following four possibilities : 

(1) HCrO,' + hv = HCr0,’ + 0 x3 

(2) HCrO,’ + hv —> HCr0,"* . 


+ H,O —-> deactivation. 
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(a) every collision with an alcohol or a water molecule leading to 
reaction or deactivation, respectively; (b) certain favourable 
collisions only leading to reaction or deactivation : 


(3) (H.CrO,’)(CH,°OH) -+- hy —-> reaction 
(HCrO,’)(H,O) + hv —-> deactivation. 


Possibility (1) was tested by focusing sunlight reflected from a 24- 
inch searchlight mirror on about 1 c.c. of a dilute solution of potassium 
dichromate in water. The solution was raised to the b. p. almost 
immediately by the condensed radiation, so no dissolved oxygen 
could remain to reverse a possible dissociation, but no change of 
colour or deposition of a precipitate could be observed. 

The mechanism (2a) is the simplest, and accounts for the remark- 
able equality between the quantum efficiencies of the alcohols and 
those of the corresponding aldehydes. It is not, however, in 
accordance with recent work (Moelwyn Hughes, loc. cit.), which shows 
that collisional rates in liquids can be calculated with considerable 
accuracy from the ordinary collisional rate equation for gases. 
In col. 5 of Table II, r gives the relative collisional frequencies 
between the dichromate ion and acceptor molecules at equal molar 
fractions, calculated from the gas collisional equation. The figures, 
which would be altered only slightly by inaccuracy in the values 
taken for the molecular diameters, show that the collisional rates 
are almost equal, while the quantum efficiencies of the reactions with 
different acceptors at equal molar fractions vary from 0-7 to 12-9. 
The approximate accuracy of col. 5 being accepted, it seems neces- 
sary to assume that the photoreaction is of type (26), in which speci- 
fic fractions only of the collisions are effective, or of type (3), where 
reaction or non-reaction of an activated HCrO,’ ion depends on 
whether it is “ alcoholated ” or “ hydrated.” The equality of the 
efficiencies of corresponding alcohols and aldehydes on either of 
these views must be regarded as fortuitous. At present a decision 
cannot be made between the possibilities discussed, but it is note- 
worthy that the photochemical efficiencies of the oxidation of the 
alcohols by dichromate lie in the same order as their thermal rates. 
It seems likely, then, that a complete study of the kinetics of the 
thermal reactions at different temperatures would throw further light 


on the oxidation mechanism. 
[Received, June 13th, 1932.] 
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292. The Interaction of Acetonephenylhydrazone and 
Phenyl isoCyanate. 


By W. A. CaLpweE.L, J. Coapman, H. W. Goopwin, and F. J. 
WItson. 


WaHyBvRN and Bamzy (J. Amer. Chem. Soc., 1928, 50, 912) heated 
acetonephenylhydrazone with phenyl isocyanate in a sealed tube 
at 100° for 2 hours and obtained a substance, m. p. 191°, which they 
regarded as acetone-2 : 4-diphenylsemicarbazone : CMe,-N-NHPh + 
PhNCO = CMe,:N-NPh:CO-NHPh. 


It was thought that this substance might be more conveniently prepared 
from equimol. quantities of these reactants in hot C,H,. After 3} hrs.’ boiling, 
and addition of light petroleum to the solution at 0°, a white solid was slowly 
deposited, the mother-liquor on{concn. yielded tar. From the solid, hot 
CHCl, extracted a very sol. component (A), which was recryst. from EtOH 
(square plates, m. p. 138°), CHCI,—light petroleum (m. p. 140°), and finally 
CHCl, (m, p. 141°). The substance (A) was easily sol. in warm CHCl,, EtOH, 
and C,H,, sparingly sol, in Et,O and light petroleum, and apart from m. p. had 
the properties mentioned by Whyburn and Bailey. The other component (B) 
of the solid crystallised from much EtOH or EtOAc as a powder, m. p. 208°, 
sparingly sol. in most solvents. 

The method of Whyburn and Bailey was then followed exactly, and the same 
mixture as that already described was obtained: it was washed with small 
quantities of Et,O0 to remove a brown resin before being separated into the 
components as described above. 

Repetition of the two experiments under anhydrous conditions with pure 
freshly distilled reactants gave the same result. The number of recrystal- 
lisations necessary make it difficult to state the relative amounts of the two 
substances formed. The best yield was obtained by keeping the reactants in 
a pressure flask at 37° for 33 days. 

Substance (A) was acetone-2 : 4-diphenylsemicarbazone (Found: C, 72:3, 
72-2; H, 6-5, 65; N, 16-0, 15-7; M, ebullioscopic in CHCl,, 267, 242. 
C,¢H,,ON, requires C, 71-9; H, 6-4; N, 15°7%; M, 267). Hydrolysis with 
boiling conc. HCl gave Me,CO, NH,Ph, and NHPh-NH, in the molecular 
ratios 1:1-09:0-9 (cale., 1:1:1). The NHPh*-NH, was estimated by 
Causse’s method (Compt. rend., 1897, 125, 712), and the NH,Ph by difference. 

Acetone-2 : 4-diphenylsemicarbazone, identical with (A), was formed by 
boiling 2 : 4-diphenylsemicarbazide in Me,CO for 14 hrs. 

Substance (B) is regarded by us as af-di(phenylcarbamyl)phenylhydrazine, 
NPh(CO-NHPh)*NH-CO-NHPh (Found: C, 69-0; H, 5-4; N, 16:2; M, 
eryoscopic in camphor, 294, 300. C.H,,0,N, requires C, 69-4; H, 5-2; N, 
16-2%; M, 346). It was also formed (a) by gradual addition of PhNCO 
(2 mols.) to NHPh-NH,, followed by 5 hrs.’ heating on the water-bath, (6) as 
the sole product by boiling PhNCO with 1 : 4- or 2 : 4-diphenylsemicarbazide 
(mol. quantities) in C,H, for 1} hrs. and recrystallising the ppt. deposited 
from the cooled solution. It did not react on long boiling with Ph-CHO in 
EtOH (absence of >N-‘NH, group), nor was it affected by FeCl, in dioxan 
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solution (absence of ‘NH‘NH* group: 1: 4-diphenylsemicarbazide under 
these conditions gave the orange-red phenylazocarbanilide). 

Since both 1:4- and 2: 4-diphenylsemicarbazide are produced 
from phenylhydrazine and phenyl isocyanate, the formation of (B) 
might proceed in four different ways : 

PLNCO 4 NHPh-N(CO-NHPh), (III.) 
NHPh-NH-CO-NHPh > NHPh:NH:‘CO-NPh:CO-NHPh (I1.) 
Panco _ NPh(CO-NHPh):NH-CO-NHPh (1.) 


NH,:NPh:CO-NHPh ~~ 
NH,*NPh:CO-NPh:CO-NHPh Iv.) 


Of these, (I) only is produced from both 1 : 4- and 2: 4-diphenyl- 
semicarbazide, so that (I), «$-di(phenylearbamyl)phenylhydrazine, 
should represent (B). 


Acetone-p-bromophenylhydrazone and PhNCO (mol. quantities) were 
heated in dry C,H, in a current of dry CO, for 3 hrs. The ppt. crystallised 
from much C,H, or EtOAc as a powder, m. p. 206—207°: it was the only 
product except tar and a little diphenylurea and was sparingly sol. in the 
usual solvents. The same substance was produced by heating p-bromopheny]l- 
hydrazine with PhNCO (2 mols.) in C,H, for 2 hrs. We regard it as 
af-di( phenylcarbamyl)-p-bromophenylhydrazine, 

C,H,Br-N(CO-NHPh)-NH’CO-NHPh 
(Found: N, 13-2; Br, 18-8. C, .H,,O,N,Br requires N, 13-2; Br, 18-8%). 





The authors thank Imperial Chemical Industries, Ltd., for grants. 
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NOTES. 


The Action of Chloramine-T' on Disulphides containing the S-S Linking. By 
J. R. ALEXANDER and H. McComsie. 


Tue sulphide molecule ruptures at the 8-S linking and each half reacts as a 
mercaptan (compare Phillips and Kenyon, J., 1930, 1225). 

When shaken with cold chloramine-T aq., f’-dichlorodiethyl disulphide 
yields B-chloroethyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine, 
small needles, m. p. 154°, from MeOH (Found: C, 44:3; H, 4-5; Cl, 8-1. 
C,,H,,0,N,5, requires C, 44-2; H, 4-4; Cl, 8-1%), diethyl disulphide yields 
ethyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine, needles, m. p. 
187—188° (Phillips and Kenyon, loc. cit.), and diphenyl disulphide yields 
phenyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine, prisms, m. p. 
149—151° (sodium salt, m. p. 225°) (Phillips and Kenyon, loc. cit.) —UNIvER- 
siry CHEMICAL LABORATORIES, CAMBRIDGE. [Received, April 26th, 1932.] 





The Ammonium Sulphide—Formalin Precipitate. By CaTHERINE G. LE FivrE 
and R. J. W. Le Favre. 

M. Detftprve has informed us that many years ago (Ann. Chim. Phys., 1898, 

15, 469) he described the substance (CH,),N,S,, m. p. 198°, and the compound 
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(CH,),N,S,, m. p. 176°, formed from it by solution in AcOH, recently prepared 


by us (this vol., p, 1142). 





S—CH,'s (i ‘S—CH, 
éu,N_oH, 
H,-N:CH, OH,” aru buy Nato 
(L.) (IZ) (III) 


His formula (I) for the former substance is less probable than ours (II) for 
the following reasons. Since we find that methylthioformaldine (III) (Wohl, 
Ber., 1886, 19, 2345) is oxidised by alkaline KMnO, aq. or conc. HNO, to 
methanedisulphonic acid (Ba salt described by Muthmann, Ber., 1898, 31, 1880), 
a substance having formula (I) would be expected also to yield this acid under 
similar conditions. Actually, the two oxidising agents produce H,SO, corre- 
sponding to 33%, and 36-9 and 35-9% (Macleod and Le Févre, J., 1931, 474), 
respectively of 8 (Calc. for C,H,,N,8,: 8, 39-5%): a trace of organic matter 
of high m. p., probably trimethylenetrisulphone, remains unattacked.— 
University CoLLecr, Lonpon. [Received, June 2nd, 1932.] 





A Constant-level Regulator for Water-baths, By T. B. Vivycoms and A. I, 
VocEL. : 

Tae usual form of constant-level device fitted to water-baths, etc., has the 

disadvantage that accurate adjustment of the water level is difficult because 

the overflow tube is inside another metal tube and attached to it by means 
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of rubber. The present device, constructed by Mr. F. W. Shears, to whom 
eur thanks are due, is entirely of metal and is easily constructed. It is shown 
in section in the figure. Adjustment of the water level is simply effected by 
means of the thumb screw on the swivel joint.—WooLwice PoLyTEcsNIC, 
Lonpvoun, 8.E.18. [Received, May Zlst, 1932.] 
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293. Adsorption at the Surface of Solutions. Part 
I. The Surface Composition of Water—Alcohol 
Solutions. 

By J. A. V. Butter and A. WieHTmay. 


In his treatment of the thermodynamics of capillarity, Gibbs 
(“ Scientific Papers,” I, p. 33) considered the matter enclosed between 
two surfaces, drawn one on each side of the interface and placed so 
that the matter is perfectly homogeneous outside them on each side. 
If a dividing surface, drawn sensibly parallel with the physical dis- 
continuity, is now placed within this region, the surface excess of 
each component may be defined as the difference between the actual 
amount present between two surfaces and the amount which would 
be present if each phase continued to be perfectly homogeneous up 
to the dividing surface. If I,, T',, etc., are the surface excesses of 
the components A, B, etc., for unit area of the surface, Gibbs obtained 
the equation 
du, +Tuduet+....+d=89, 


where o is the surface tension and 1,, 4, etc., the chemical potentials 
of the components. In the case of a binary solution the dividing 
surface may be so placed that ', = 0; the surface excess of B is then 
given by T, = — da/dyy. 

The first exact application of this equation to concentrated binary 
solutions, giving dy, its precise value RT’ .dlog p,, was made by 
Schofield and Rideal (Proc. Roy. Soc., 1925, A, 109, 57). They 
found that in the case of water-ethy] alcohol solutions, the adsorption 
had a maximum value of about 41 x 10 mols./cm.? for solutions 
containing about 25 mols. °% of alcohol, and fell sharply as the alcohol 
content increased, reaching values between 17 and 14 x 10! between 
60 and 100 mols. %. They suggested as possible explanations of the 
maximum, (1) that the orientation of the alcohol molecules changes 
considerably in the more concentrated solutions, (2). that at the 
higher concentrations water is adsorbed under a nearly complete 
surface layer of alcohol. 

Wynne Jones has recently pointed out (Phil. Mag., 1931, 12, 907) 
that since the Gibbs equation determines the surface excess of the 
solute, in order to obtain the true amount present at the surface it 
is necessary to add to the calculated adsorption a quantity depending 
on the concentration in the solution. The vapour pressures employed 
by Schofield and Rideal for evaluating the adsorptions were rather 
inaccurate. Using the more recent vapour pressure measurements 
of Dobson (J., 1925, 127, 2866), Wynne Jones obtained an adsorption 
3Y 
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curve which had a maximum at about 10 mols. % of alcohol and, 
when plotted against the weight fraction of alcohol, fell almost 
linearly as the concentration increased. He postulated that the 
amount to be added to the Gibbs adsorption in order to obtain the 
actual amount present at the interface was proportional to the con- 
centration. The proportionality factor was taken as the slope of 
the linear part of the curve, which on this view is due to a complete 
surface layer of alcohol molecules, each occupying 20-3 A.2. 
Harkins and Wampler (J. Amer. Chem. Soc., 1931, 53, 850) have also 
given a term to be added to the Gibbs adsorption in concentrated 
solutions. One of us has recently pointed out (Butler, Proc. Roy. 
Soc., 1932, A, 135, 348, footnote) that this estimate is excessive, for 
in the case of a surface layer containing v, molecules of A, and v, 
molecules of B, the number of molecules of B which would accompany 
v, molecules of A if present in the surface in the same proportion 
as in the bulk of the solution is v..N,/N,, where N,, NV, are the molar 
fractions of A and B in the solution, so that the relation between the 
surface excess and the actual number of molecules present in the 
surface is T, = vy — v,N,/N}. 

The values of I calculated by the Gibbs equation are seriously 
affected by even small errors in the surface tensions and in the partial 
vapour pressures, and it would not be profitable to discuss in 
detail the form of the adsorption curve unless very reliable values 
of these quantities were available. The partial vapour pressures of 
ethyl alcohol—-water solutions at 25° have been investigated by 
Dobson (loc. cit.) and by Shaw and Butler (Proc. Roy. Soc., 1930, 
A, 129, 519). The results of the two investigations are in good 
agreement and between them provide a considerable number of 
values spread over the whole range from 0 to 100% of alcohol. The 
most extensive series of determinations of the surface tensions of 
these solutions is that of Bircumshaw (J., 1922, 121, 877), obtained 
by the drop-weight method. Since all measurements of surface 
tension are indirect, it seemed very desirable to confirm these by 
another method, and for this purpose we have made use of the 
maximum bubble pressure method as developed by Sugden (J., 
1922, 121, 858; 1924, 125, 27). 


EXPERIMENTAL. 


The EtOH was prepared by Butler and Robertson’s method (Proc. Roy. 
Soc., 1929, 125, 694). Solutions were made by weighing the requisite amounts 
of H,O and EtOH in a stoppered flask. The apparatus (compare Mills and 
Robinson, J., 1931, 1629) consisted of a bulb fitted with two ground-in tubes 
carrying the fine and coarse jets, which were adjusted so that their tips were 
at the same level. The larger jet was 0-2 cm. in radius, and the other a very 
narrow capillary giving a max. bubble pressure in H,O of about 40 em. of H,0. 
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The vessel was connected with a H,O manometer and an arrangement for 
gradually reducing the pressure. In practice, one of the tubes was plugged 
at the top, and the pressure was gradually lowered until air bubbles began to 
emerge from the other jet. The tap connecting with the pressure-reducing 
apparatus was then closed, and when the bubbles ceased the pressure difference 
was read on the manometer. The air was dried by passing through a CaCl, 
tower before entering the tubes. The bulb and the manometer were almost 
completely immersed in the H,O of a glass-sided thermostat, electrically 
maintained at 25° + 0-02°. The pressure difference was read by means of an 
accurate cathetometer, reading to 0-005 cm. Provided that the whole 
apparatus were kept scrupulously clean, and the capillary free from obstruction, 
and when the pressure in A was only allowed to fall a little below that required 
to produce bubbles, reproducible results were obtained without difficulty. 
Measurements were made with at least two samples of each solution. In a 
few cases concordant readings were not at first obtained. The capillary was 
then cleaned, and the measurements repeated until several concordant series 
had been obtained. The following readings, made with 80% EtOH, are given 
as an example of the experimental figures. 


Sample I. Coarse jet: 1-75, 1-74, 1-75, 1-74, 1:74, 1:74 cm, 
Fine jet: 13-12, 13-12, 13-13, 13-12, 13-13, 13-15 cm, 
Sample If. Coarse jet: 1-73, 1-73, 1-73 cm. 
Fine jet : 13-12, 13-11, 13-12, 13-12 cm. 
Mean jet pressure difference of solution, 11-39 cm. 


The surface tensions were calc. by Sugden’s formula, o = AP,(1 + 0-697r,D/ 
Pd»), where P, is the mean jet pressure diff. in cm. of water, r, the radius of 
the coarse jet, D the density of the solution and d, that of H,O; A is a const. 
which depends on the radius of the fine jet. This was not measured directly, 
but A was determined by determining P, for H,O, for which the surface 
tension was taken as 71-97 dynes/cm. at 25° (International Critical Tables). 
For the two capillaries employed, A had the values 2-0251 and 1-8240. The 
densities employed in evaluating the term 0-697,D/P,d, need not be known 
with great accuracy : those values used were taken from International Critical 
Tables (Vol. III, p. 116). 

TABLE I. 
Mols. % P,, Mole. % Py Pa 
EtOH. cm. : D. c. EtOH. cm. cm. D. o. 
100 10-72 0-7850 21-93 20 — 16-30 0-9335 29-97 
90 11-04 0-7975 22-59 15 — 17-52 0-9448 32-20 
80 0-8109 23-29 12 — 18-74 0-9575 34-42 
70 , 0-8250 23-93 10 — 20-03 0-9633 36-79 
60 ° 0:8409 24-67 6-4 20:67 — 0-9735 42-13 
50 ‘82 0-8589 25-43 4 — 26-10 09810 47-86 
40 92 0°8823 26-41 2 — 30-33 0-9880 55-57 
40 ‘38 08823 26-45 0 35:40 — 0-0971 71-97 
30 “01 0-9047 27-60 0 — 39-32 0-9971 71-97 
25 0-9186 28-49 

Table I gives the experimental data and the calc. surface tensions. The 
max. value of the correction made by the term (0-69r,D/P,d,) is 0-14 dyne in 
100% EtOH. The surface tensions together with Bircumshaw’s values are 
plotted against the molar fraction of alcohol in Fig. 1. There is no serious 
discrepancy between the two sets of values. Bircumshaw’s values for H,O 
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and EtOH (both measured directly) are somewhat higher than the I.C.T. 
value for H,O, which we have taken as standard, and the value for EtOH 
obtained therefrom by us. The recalculation of Bircumshaw’s values, making 
his value for H,O coincide with ours, would not, however, improve the agree- 
ment of the intermediate values. Our values are more concordant among 
themselves than his, and when plotted on a large scale only two points fall 
appreciably away from a smooth curve: these are for 80% and 10% EtOH, 


Fie. 1. 


Surface tensions and partial vapour pressures of ethyl-alcoholic solutions. 
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the smoothed surface tensions of which are 23-26 instead of 23-29, and 36-72 
instead of 36-79. The experimental error, assuming that the theoretical 
basis is correct, may be estimated as well within + 0-05 dyne. 

In connexion with the measurements to be described in Part II (following 
paper), the surface tensions of some of these solutions have been determined 
by the capillary-rise method, the proper corrections being made (Sugden, J., 
1921, 119, 1483): the values obtained by the two methods are compared 
below : 
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Surface tensions of aqueous ethyl-alcoholic solutions at 25°. 
Mols. % EtOH 80-0 50-0 25-0 6-4 
o (capill. rise) 23°28 25°53 28°55 42-19 
o (max. bubble press.) ............ 23-29 25-43 28-49 42-13 
Although the capillary-rise determinations probably do not represent the 
highest accuracy attainable by this method, they are in reasonable agreement 
with the other values. It is thus demonstrated that the surface tensions of 
ethyl-alcoholic solutions determined by three methods, when the proper 
corrections are applied, are in substantial agreement with each other. 


2-0 
55-49 
55-57 


TABLE II. 


Mols. % Mols. % 


EtOH. 


1-771 
1-722 
1-679 
1-639 
1-600 
1-565 
1-529 
1-492 


log p2- 


Fa X10, 
14-0 
16°5 
17-5 
20-4 
23-0 
29-5 
33-5 


EtOH. 


25 


20 

15 

12 

10 
6-4 
4 


9 


a. 
28-49 
29-97 
32-20 
34-42 
36-72 
42-13 
47-86 
55-57 


log po. 


1-467 
1-428 
1-372 
1-316 
1-256 
1-097 
0-908 
0-602 


Fie. 2. 
Surface excess of alcohol in water-alcohol solutions. 
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In order to calculate the Gibbs adsorptions, the partial v.p.’s of EtOH of 
the solutions were obtained by graphical interpolation from the combined results 
of Dobson and of Shaw and Butler. In practice, it was found easier to inter- 
polate for the higher percentages of alcohol from the log p—N curve. Table II 
gives (1) the smoothed values of the surface tensions, (2) the values of log p,., 
and (3) the mean adsorptions for the intervals between one given solution and 
the next, as given by I’, = 1-062 x 10%*(— Aa/A log,op) mols. per em.*. The 
const. in this equation is the value of 2-303k7' at 25°, where k, the gas const. 
per mol., is taken as 1-372 x 10% ergs. The values of I, plotted against the 
mean molar fraction for the interval to which they apply are shown in Fig. 2. 


Discussion. 


The relation between the actual amount of a substance present 
near the interface and the Gibbs adsorption can be obtained by a 
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small modification of Gibbs’s derivation. Suppose that two surfaces, 
containing the whole of the non-homogeneous interfacial region, 
have between them n, molecules of 8, and m, molecules of 8,, per 
sq. cm. of interface. It can easily be shown by the method used by 


Gibbs that 
N,du,+ Mdpptde=0. . .. . .(t) 


where 1;, 44 are the chemical potentials per mol. If N,, N, are the 
molar fractions in the bulk of the solution, du, and du, are related at 
constant temperature and pressure by the equation N,dy, + 
N.du. = 0, so that (1) may be written as 
(my — n,.N,/N;)dpg+de=—0.. . . (2) 
Since the Gibbs adsorption is T, = — de/dy,, we thus have 
Ty = %— ”,.N/N, « »« «© « (8) 


We can thus find mg, i.e., the actual amount of 8, present within any 
given distance of the surface, if we know n,. There is one case in 
which this equation can be simplified, viz., when the discontinuity 
only affects a single surface layer of molecules. Then if v,, vy are 
the numbers of molecules of 8, and 8, per sq. cm. in the surface 
layer, and A,, A, their superficial areas, we have 


AwW,+Ave=1...... (4 
If the two surfaces are now drawn so that they contain between them 
only the surface layer as defined by (4), (3) becomes 
Ty vy— yy. Ng/Ni eee C8) 
or, introducing the value of v,. given by (4), 
I, = 1/A, — (A,/Ag + N2/N,)vy, . « «© - (86) 
It is thus possible in this case to determiné the actual composition 
of the surface layer from IT, if A, and A, are known. 1/A,, which 
is the maximum number of molecules of 8, which can be present in 
unit area, may be denoted by v,°. 

Let the experimentally determined values of I’, be plotted against 
the molar ratio N,/N, of the solution, giving the curve CE (Fig. 3). 
Let the point P have the co-ordinates v,°, — A,/A,. If D is any 
point on the curve CE, it is evident from (5) that the slope of the 
line PD is equal to the value of v, for the point D. Also the value 
of v, is given by the intercept of the line PD on the axis OY. 

Now, if we do not know the values of v,° and — A,/A, from other 
sources, we have enly this consideration to guide us in choosing the 
position of P. It is probable that, as the water content of the 
solution decreases, the number of water molecules in the surface 
also continuously decreases. If this is so the point P must be so 
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placed that the slopes of the lines like PD decrease continuously as 
N,/N, increases. 

It will be observed that the experimental points are almost 
linear for values of N,/N, between 0-2 and 0-5. Drawing the line 
LM through these points, it is evident that the requirement stated 
above can only be satisfied if the point P is placed on or above this 
line. Suppose that the point P lies on the line LM. For every 
value of v,° there will now be a corresponding value of A,/A,. It 
follows that 

if A,/A, = 0-5, v,° = 62:5 x 108 and v,° = 125 x 10; 
if A,/A, = 1-0, v,° = 765 < 10'8 and v,° = 765 x 1013, 


Fie. 3. 











—0°4 —0°2 +02 +04 +06 +08 +10 +12 
Molar ratio N,/N,. 


If the point P lies above the line LM the corresponding values of 
vy’, ¥4° will be greater.* 

According to Adam, the area per molecule of closely packed 
hydrocarbon chains in insoluble films is 20-5 A.2, corresponding to 
48-8 x 10!° mols./cm.*, It is evident that if the number of water 
molecules in the surface layer decreases continuously as the water 
content of the solution decreases, then (a) if v,° corresponds with the 
value for close packed hydrocarbon chains in insoluble films, the 
area of the water molecule must be only about 0-1 of the area of 
the alcohol molecule, (b) if the ratio of the area of the water molecule 
to that of the alcohol molecule is greater than 0-5, the value of v,° 

* It is not necessary to assume that A,, A, are constant for the whole 


range of solutions. If they are variable, the position of P will vary; the 
arguments given would not be invalidated by such variation. 
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must be greater than 62-5 x 10!%. Since neither of these conse. 
quences is acceptable, we are faced with the following alternatives : 

(I) If the adsorption is limited to a surface layer characterised 
by (4), v,; increases and therefore v, decreases as the water content 
of the solution is decreased in solutions containing between 20 and 
30 mols. °% of alcohol. 

(II) The adsorption layer is not truly unimolecular, and equation 
(4) is not sufficient to characterise the whole of the matter affected 
by the vicinity of the interface. 

If we still regard (I) as improbable, we are obliged to accept (IT) 
as being most in accordance with the facts. 

The difference between the observed values of the adsorption and 
those which would be consistent with a surface layer characterised 
by (4) is, however, comparatively small. The form of the adsorption 
curve can be accounted for if it be supposed that there is a small 
excess of alcohol molecules just below the surface layer in certain 
solutions. It will be of interest to make an estimate of the amount 
of adsorption below the surface layer which would have to be 
assumed in order to avoid conflicting with the condition stated 
above. We shall assume that v,° = 49 x 101%, corresponding to the 
minimum area of hydrocarbon chains in insoluble films, and that 
A,/A, = 0-5, or v,° = 98 x 10!, which is in reasonable agreement 
with the dimensions of the water molecule. The figures given in 
Table III, which have been deduced by a graphical method based 
on Fig. 3, the point P for these quantities taking the position P’, 
correspond to the minimum adsorption below the surface layer, which 
satisfies the conditions, for these molecular dimensions. v, and v, 
are the numbers of molecules of alcohol and water in the surface 
layer, T’,’ the excess of alcohol in the surface layer as given by (5), 
I,’ the excess of alcohol below the surface layer, and I, the sum of 
lr,’ and T,”, agrees with the Gibbs adsorption. If greater values 
were taken for the adsorption below the surface layer it would be 
possible to find lower values of vy. which would also be consistent with 
the observed adsorptions; but the figures given may be regarded as 
a reasonable estimate of the surface composition. 


Tase ITI. 


Estimated composition of the surface of water—alcohol solutions 
(molecules /cm.2 x 101%). 

Ne te oH fea, “ate os N3. Va. Rear: | Re 4), Rack «ae 
0 0 98 0 0 0 27-5 41 6 6.3 & 
a ae? 27 35 = 41 16 32 33 
a2 38 23 6 1 37 55 42 16 = 23 
1 39 20 365 465 41 75 445 17 

3 40 618 37 5 

25 41 16 36 4 


9 
42 95 48 18 14 
40 100 49 0 
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Schofield and Rideal (Phil. Mag., 1932, 13, 806) have reasserted 
their original view (loc. cit.) that the fall in the surface excess in 
concentrated alcoholic solutions is due to the formation of a layer 
relatively rich in water below a closely packed surface layer of alcohol. 
Their conclusion depends on the assumption that a complete surface 
layer of alcohol exists at the surface, and they overlook the fact that 
a small proportion of water molecules in the surface layer reduces 
the surface excess in the more concentrated solutions by a much 
greater extent than the area they occupy. 


Summary. 

1. The surface tensions of aqueous ethyl-alcoholic solutions have 
been determined at 25° by the maximum bubble pressure method. 
The values obtained are in agreement with those of Bircumshaw, 
made by the drop-weight method, and with some determinations 
made by the capillary-rise method. The values of the Gibbs 
adsorption have been calculated. 

2. A relation has been given between the Gibbs adsorption and 
the total number of molecules present at the surface. 

3. It is shown that the observed adsorptions are inconsistent with 
the hypothesis that only a single layer of molecules at the surface 
differs in composition from the bulk of the solution. The difference 
between the requirements of this hypothesis and the observed 
adsorptions is, however, comparatively small. 


One of us (A. W.) is indebted to the Department of Industrial and 
Scientific Research for a maintenance grant. 
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294. Adsorption at the Surface of Solutions. Part II. 
The Effect of Lithium Chloride on the Surface of 
Water—Alcohol Solutions. 


By J. A. V. Butter and Apam D. Less. 


In a number of recent investigations on the effect of salts on the sur- 
face tension of solutions containing capillary-active substances (e.g., 
Seith, Z. physikal. Chem., 1925, 117, 257; Freundlich and Schnell, 
ibid., 1928, 133, 151; Palitzsch, ibid., 1930, 147, 51) the adsorption 
of the active substance has been calculated by the use of Gibbs’s 
equation I’, = — do/dy, in the form in which it is applied to binary 
syetems. It can easily be shown that even if dy, is given its correct 


value as modified by the presence of the salt, this equation is not in 
3¥ 2 
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general applicable. Suppose that, as in Part I (preceding paper), 
the non-homogeneous region in the vicinity of the interface is con- 
tained between two surfaces. If a dividing surface, sensibly 
parallel with the actual interface, is placed in an arbitrary position 
between the two surfaces and if I',, I',, ', are the surface excesses of 
the three components 8,, S,, 8, for the given position, we have, 
according to Gibbs, 
Tydp, + Vydpg+VTydpgt+do=0 .. . (1) 

Now the dividing surface may be placed so that one and, in general, 
only one of the quantities T',, T,, T, is zero. If it is placed so that 
I’, is zero, we have 





Tydp,t+Tedpg+do=O0 ... . (2) 
but it is not possible from a single equation of this kind to evaluate 
r',,T,. However, the composition of a given ternary solution can be 
varied in two distinct ways: (1) the quantity of S, is kept constant 
while the proportions of 8, and 8, are varied, (2) the quantities of 
S, and 8, are kept constant and the amount of 8, is varied. From 
two such variations of a given solution we may obtain the two 
equations 
Pyduy + Tydp, +do= 0) . (3) 
Tu,’ +Tedp’ +do’= 0) * * * 
where do, do’ are the changes of the surface tension for changes 
dys, Ug; dy’, du,’, of the chemical potentials in variations of the 
two types. We thus obtain the values 
Dy = (do/dug — do'/dyg’)/(dypy' /dg’ — duy/dyg). - (4) 
T= (dod, — do’ /day’)/(dv’ dey’ — dug/du,). . (6) 
(5) reduces to the Gibbs equation for a binary solution when dy,’ /dy,’ 
= 0, and do/dyu,’ = 0, i.e., when the effect of a change in the amount 
of 8, on yu, is negligible in comparison with its effect on u,, and causes 
no change of the surface tension. ‘The first condition is not usually 
satisfied in the case of solutions of organic substances containing salts 
and unless the second condition is also unsatisfied the investigation 
loses most of its interest. 
In order to evaluate I’, and I’, according to these equations for 
a solution of a salt S, in a mixed solvent containing S, and §,, it is 
thus necessary to find the change of the surface tension for the two 
types of variation postulated above, and also the changes of the 
chemical potentials of 8, and S, in the same variations. The values 
of the latter, per molecule, are given in terms of the changes of the 
partial vapour pressures for the corresponding variations by 


du, = kT .dlog py, dp. = kT .d log py, etc. 
In only one case, so far as we are aware, has the effect of a salt 
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on the partial pressures of a mixed solvent been determined for a 
wide range of solutions, viz., that of lithium chloride in water—alcohol 
mixtures (Shaw and Butler, Proc. Roy. Soc., 1930, 129, 519). It 
therefore seemed desirable to determine the surface tensions of these 
solutions and to evaluate I’, and I,. 


EXPERIMENTAL. 

The surface tensions were determined by the capillary-rise method, using 
a U-tube having on the one side a fine capillary tube and on the other a wide 
Fie. 1. 

Surface-tension changes produced by lithium chloride in water-alcohol solutions. 
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Conen. of LiCl (g.-mols,/1000 g. of solvent). 
(Numbers attached to curves represent the molar percentage of alcohol.) 


tube of about 1 cm. radius. Two tubes were employed, one suitable for 
solutions with surface tensions between 20 and 40 dynes/cm., giving differences 
of level between 7-5 and 12 cm. over this range, and the other, used for aq. 
solutions only, giving a difference of level of 13-5 cm. for H,O. Before the 
difference of level in the two limbs was read, the meniscus in the fine capillary 
was always brought to the same mark by varying the amount of liquid in the 
tube. The diameters of the capillaries at this point were not directly deter- 
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mined, but the tubes were calibrated, the first with EtOH and the second with 
H,0 (co = 21-93 and 71-97 dynes/cm. respectively at 25°). The surface tensions 
were calculated by the equation o = hdg/2(1/b, — 1/6,), where h is the differ- 
ence of level, d the density of the solution, g the force of gravity, and b,, b, 
the radii of curvature of the liquid in the wide and the narrow tube. Knowing 
the approx. values of the surface tensions, as obtained by simple proportion, 
the relations between b,, b, and the corresponding radii of the tubes r,, r, were 
obtained from the table given by Sugden (J., 1921, 119, 1483). The radii 
of the wide tubes as measured, and of the narrow tubes as determined in this 
way by the use of the calibration liquid, were : Tube I, 7; = 9:7 mm., rz = 
0-07444 mm.; tube II, r, = 11-0 mm., r, = 0-1112 mm. The differences of 
level were read by an accurate cathetometer reading to 0-05 mm., and the 
densities of the solutions were determined at 25° in a silica pyknometer. 

The data and the calc. surface tensions are given in Table I.* Fig. 1 shows 
the change of surface tension caused by adding LiCl to the various H,OQ-EtOH 
solutions. The effect is nearly linear with the concn. in all the solutions. It 
will be observed that, while the greatest increase of the surface tension is 
produced by the salt in pure H,O, the greatest decrease is obtained in the solu- 
tion containing the least proportion of EtOH, viz., 6-4 mols. %. The effect of 
LiCl on less conc. solutions of EXOH would probably show features of interest, 
but since the v.p.’s of these solutions were not available, they were not 
included in the present investigation. 


TABLE I. 
Surface tensions of H,O-EtOH-LiCl solutions. 


Mol. Concn. 
fraction of LiCl a a, 
of EtOH. Tube. (m). De. h(cm.). dynes/cm. 

1-00 [ 0-000 0-7849 7-62 21-93 
0-500 0-8013 7-64 22-44 
1-000 0-8164 7-66 22-93 
1-995 08425 7-71 23-84 
0-000 0-8109 7-83 23-28 
0-608 0-8273 7-81 23-68 
1-000 0-8373 7-78 23-88 
2-000 0-8632 7°75 24-54 
0-000 0-8652 8-12 25-78 
0-465 0-8761 8-03 25-82 
1-025 0-8887 7-80 25-86 
1-890 0-9077 7-79 25-96 
0-000 0-9185 8-47 28-55 
0-474 0-9294 8°33 28-41 
0-985 0-9405 8-20 28-30 
1-934 0-9600 7-98 28-12 
0-000 0-9735 11-81 42-19 
0-500 0-9852 11-52 41-65 
1-000 0-9960 11-28 41-23 
2-000 1-0180 10-82 40-41 —1-78 
0-000 0-9970 13-48 71-97 _- 
0-500 1-0082 13-47 72-71 +0-74 
1-000 1-0191 13-47 73-50 +1-53 
2-000 1-0411 13-51 75-31 +3-34 

* The salt conens. are molalities—i.e., the number of g.-mols. of the salt 
in 1000 g. of the solvent. 
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Calculation of Adsorptions. 


The values of I’, T, were calculated by equations (4) and (5) ; for 
solutions containing 0-0, 0-5, and 1-0m-lithium chloride the partial 
pressures given by Shaw and Butler (loc. cit.) were used, and for 
solutions containing 2-0m-lithium chloride values obtained by 
graphical interpolation from those determined for 1-0m and 40m 
were used. 

The following approximations have been made in the calculations. 
(1) The relative changes of the chemical potentials of water and 
alcohol in a binary solution for a variation of the composition at 
constant temperature and pressure are given by NV, .du,+ N2.dy.=9, 
or dt, /dyu., = — N,/N, where N, and N, are the molar fractions of the 
two substances in the given solution. The effect of a small propor- 
tion of a third component on this ratio is comparatively small and it 
is assumed that du,/dy, has this value in all the solutions. (2) 
Since the slopes of the curves o-log p,, o-log p,, for constant salt 
concentration are only slightly affected by the presence of the salt, 
dc /dy, has been given the value — T,°, and do/dy, the value — T° = 
N,/N, . T°, where T’,° is the value of the adsorption of alcohol in the 
binary water-alcohol solution of the given composition, as deter- 
mined in Part I (preceding paper). Under these conditions (4) and 
(5) become 


Pr, = (— 1° — do’ /kT .d log p,’)/(N2/N, + dlog p,;’/d log p,’) (6) 
DT, = (N,T,°/N,— do’ /kT . d log py')/(N1/N_ +4 log p,’/d log py’) (7) 


where dp’ is the change of surface tension for a variation of the salt 
content which gives rise to changes d log p,’ and d log p,’ in the 
partial pressures of alcohol and water. Since sufficient points are 
not available to determine accurately the slopes of the curves near 
any given solution, these variations have been evaluated for the 
intervals 0—0-5m, 0-5—1-0m, 1-:0—2-0m LiCl. The results of the 
calculations are given in Table IT. 


TaB_eE II. 


Adsorption from solutions of lithium chloride in aqueous alcohol. 


Interval, Interval, Interval, 
EtOH, 0-0—0-5m-LiCl. 0-5—1-0m-LiCl. 1-0—2-0m-LiCl. 
mols, %. r;- r;. , r.. r;. r,. 

100 — 41 18 — 19 

80 4-6 34 ‘ 33 —0-6 18 

50 15 40 ‘ 40 —0°8 31 

25 53 57 52 7 44 
6-4 103 42 41 27 

0-0 thse sole 41 raat 
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Discussion. 

The accuracy of the values obtained by combining such a variety 
of data over somewhat wide intervals is necessarily rather low and 
errors of the order of 10—20% would not be surprising. Neverthe- 
less, some definite conclusions as to the structure of the surface can 
be drawn. It will be seen that both in water and in alcohol the 
adsorption diminishes as the concentration of the salt is increased, 
in agreement with the calculations of Goard (J., 1925, 127, 2451) 
of the adsorption of water from aqueous salt solutions. The 
adsorption of alcohol over the lower range of salt concentrations is 
close to the maximum adsorption of binary water-alcohol solutions, 
and corresponds with an approximately unimolecular layer of alcohol 
molecules. The value in water for the same interval (133 x 10% 
mols./cm.?) may also be reasonably attributed to a single layer of 
water molecules, for the volume occupied by a single molecule in 


Fia. 2. 





| Nearly complete 
surface layer. 


Solution. 


liquid water at 25° is v = 29-8 x 10 *cm.3, and if we take v! as the 
area per molecule we find 102 x 101% for the number of mols. per cm.?. 
At the higher salt concentrations in both cases the average distance 
of the ions from the surface is less. In alcohol this might be accounted 
for by a change in the orientation of the surface molecules, but it is 
more difficult to account for the effect of water in this way. 

In the mixed solutions at the smaller salt concentrations the 
adsorption of alcohol remains effectively constant for all solutions 
containing from 6 to 100 mols. % of alcohol. In the 6-4 % alcoholic 
solution there are adsorbed, not only an approximately unimole- 
cular layer of alcohol, but also nearly as many water molecules as 
from water itself. We may suppose that at the surface of this 
solution, as in Fig. 2a, there is an approximately complete layer 
of alcohol molecules and that the average limit of approach of the 
ions to the surface is nearly as far below this layer as it is from the 
surface of solutions in water. This will be the case if the ions are 
hydrated by a single sheath of water molecules which prevent them 
from coming into closer contact with the surface layer. The total 
adsorption of alcohol measured is not only that in the surface layer 
but also that in the solution above the line AA’, The latter, 
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however, is only a small fraction of the whole for a dilute 
solution. 

As the alcohol content of the solutions increases, the adsorption 
of water steadily diminishes. This cannot be entirely due, if the 
position of the line AA’ remains unchanged, to the decreased water 
content of the solution, for in that case the decrease in I’, would be 
accompanied by a large increase of [,. But since the water sheaths 
of the ions, which we have supposed to keep the ions below the 
adsorbed layer, are replaced to an increasing extent by alcohol 
molecules as the concentration of the latter grows, and since the com- 
position of the bulk of the solution approximates more closely to that 
of the surface layer, it is natural that the line AA’ should move 


Fig. 3. 





| | 
1°6 1°65 
log ps». 


—@®— 100% alcohol; —x— 80% alcohol ; —— 46°7% alcohol. 
The points represented are for 0, 0°5, 1-0, and 2°0m in each case. 





upwards (Fig. 2b) until in pure alcohol it coincides with the lower 
limit of a unimolecular layer. 

Finally, the adsorptions diminish in the mixed solutions, as they 
do in the pure solvents, with increase of salt concentration, and 
it must be supposed that the ions penetrate the surface layer to an 
increasing extent in such cases. 

There is one other point of interest. If the values of o for solutions 
containing a large proportion of alcohol are plotted against log pp, 
the points for the higher salt concentrations tend to fall on the same 
curve (Fig. 3). The reason for this can be seen by considering 
equation (1). If we make T, = 0 as before, and choose variations 
such that dy, — 0, we have I’, = — (do/dy,),,. The condition dy, 

= 0 is satisfied for points lying on any vertical line in Fig. 3. It is 
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evident that if we vary the salt concentration and the composition 
of the solvent simultaneously in such a way that », remains constant, 
at the higher salt concentrations the variation of o is very small. 
Therefore for these solutions I’, is also small. The behaviour shown 
in Fig. 3 is thus in accordance with the values of IT’, already obtained 
for solutions containing a large proportion of alcohol. 


Summary. 

1. A method is given of applying the equations of Gibbs to 
determine the adsorption at the surface of ternary solutions. 

2. The surface tensions of water—alcohol-lithium chloride solu- 
tions have been determined at 25° by the capillary-rise method, 
and the adsorptions of water and alcohol with respect to lithium 
chloride have been evaluated. 

3. It is shown that, at small concentrations of lithium chloride, 
there is present at the surface of solutions containing more than 
6 mols. % of alcohol an approximately complete unimolecular 
layer of alcohol. The ions are separated from the under surface 
of this layer by a layer of solution, the thickness of which decreases 
as the alcoholic content increases and which disappears in pure 
alcoholic solutions. This behaviour is attributed to the hydration of 
the ions. At higher lithium chloride concentrations the ions 
penetrate the surface to an increasing extent. 


The senior author wishes to express his appreciation of a Carnegie 
Teaching Fellowship during the tenure of which the work described 
in this and the previous paper was carried out. 
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295. Quinoline Compounds containing Arsenic. Part 
IV. Synthesis of Derivatives of Quinoline-5- and 
-8-arsonic Acids. 


By R. H. Sater. 


8-BROMO-5-NITROQUINOLINE (J., 1931, 1940) condensed readily with 
hot piperidine, and the 5-nitro-8-piperidinoquinoline gave 5-amino-8- 
piperidinoquinoline on reduction. All attempts to replace the amino- 
by the arsono-group, however, failed. 

When 8-bromo-5-nitroquinoline was reduced by West’s method 
(J., 1925, 127, 494) a practically quantitative yield of a base, m. p. 
156—157°, was obtained which was almost certainly 8-bromo-5- 
aminoquinoline; on acetylation it yielded 8-bromo-5-acetamido- 
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quinoline, m. p. 179—180° (compare Claus and Howitz, J. pr. Chem., 
1893, 48, 154; Claus and Setzer, ibid., 1896, 53, 411). 

8-Chloro- or -bromo-5-aminoquinoline was readily converted into 
8-chloro- or -bromo-quinoline-5-arsonic acid by means of the Bart 
reaction, but the halogen atom in the acids was unreactive towards 
boiling piperidine. Attempts to activate it by introducing a nitro- 
group failed because the acids were unchanged or oxidised by heating 
with (a) a mixture of sulphuric and nitric acids at 140° for 4 hours, 
(6) sulphuric acid containing potassium nitrate at 140° for 4 hours, 
(c) fuming sulphuric acid (10°, SO,) containing potassium nitrate 
at 95—100° for 10 hours. 

When 5-nitro-8-aminoquinoline (J., 1931, 1940) was diazotised in 
presence of hydrochloric acid and treated with sodium arsenite, the 
only pure product isolated was 5-chloroquinoline-8-arsonic acid : this 
acid (m. p. 284—285°) depressed the m. p. (226—227°) of 8-chloro- 
quinoline-5-arsonic‘acid and, unlike it, was slowly nitrated by fuming 
sulphuric acid (10% SO,) and potassium nitrate at 95—100°. Since 
the chlorine atom in the nitro-derivative is very reactive, the nitro- 
group is without doubt in position 6 and the nitro-compound is 
therefore 5-chloro-6-nitroquinoline-8-arsonic acid. 

Dikshoorn (Rec. trav. chim., 1929, 48, 553, 556) found that, whereas 
8-bromoquinoline was nitrated to give only 8-bromo-5-nitroquinoline, 
5-bromoquinoline gave a mixture of 12 parts of 5-bromo-8-nitro- 
quinoline and 1 part of 5-bromo-6-nitroquinoline. It is therefore 
not surprising that no nitration takes place in 8-bromo- and 8-chloro- 
quinoline-5-arsonic acids, since the reactive 5-position is blocked. 
In 5-chloroquinoline-8-arsonic acid, on the other hand, the nitro- 
group may with difficulty be introduced into the 6-position, on the 
assumption that the arsono-group exerts at most a general damping 
effect on the molecule. 

When 5-chloro-6-nitroquinoline-8-arsonic acid was heated with 
piperidine and with potassium hydroxide solution, 6-nitro-5-piper- 
idinoquinoline-8-arsonic acid and _ 6-nitro-5-hydroxyquinoline-8- 
arsonic acid respectively were readily obtained. The accessibility of 
the latter compound opens up a way for the synthesis of stovarsol 
and salvarsan analogues of quinoline, which is being investigated. 

The above quinoline compounds of arsenic are being tested by the 
Joint Committee on Chemotherapy (formed by the Medical Research 
Council and the Department of Scientific and Industrial Research) 
in respect of their chemotherapeutic actions in malaria and trypano- 
somiasis. 

EXPERIMENTAL. 
5-Nitro-8-piperidinoquinoline.—8-Bromo-5-nitroquinoline (7-5 g.) and piper- 
idine (15 g.) were heated to 80°, and then at 95—100° for 30 mins. The product 
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pptd. by excess of H,O crystallised from EtOH in long, yellow, rectangular 
prismatic needles (7-1 g.), m. p. 95—96° (Found: C, 65:4; H, 5-7; N, 16-1. 
C,,H,,0,N, requires C, 65-4; H, 5-9; N, 16-3%). 

5-Amino-8-piperidinoquinoline.—Iron filings (17 g.) were added slowly to 
5-nitro-8-piperidinoquinoline (26 g.) in boiling EtOH (200 c.c.) containing 
HCl aq. (25 c.c.; d 1:19), after 2 hrs.’ boiling NaOEt (6 g. Na in 150 c.c. EtOH) 
was added, and the whole refluxed for a few mins. The solid was extracted 
with boiling EtOH and the combined liquids were acidified with HCl aq., 
steam-distilled to remove EtOH, filtered, and rendered alkaline with NH, aq. 
The base crystallised from C,H,-light petroleum (b. p. 60—80°) in stellate 
clusters of long, yellow, silky needles (12 g.), m. p. 182—-183° (Found : C, 73-8; 
H, 7-5; N, 18-1. C©,,H,,N, requires C, 74:0; H, 7-5; N, 18-5%). A dil. alc. 
solution gave with N/1000-iodine a red coloration which changed to green on 
warming. The acetyl derivative crystallised from C,H, in long, pale yellow, 
prismatic needles, m. p. 210—211° (Found: C, 71-2; H, 7:2; N, 15-6. 
C,.H,,ON, requires C, 71-3; H, 7-1; N, 15-6%). 

8-Bromo-5-aminoquinoline.—Prepared from 8-bromo-5-nitroquinoline (25-3 
g-) by West’s method (see 5-amino-8-piperidinoquinoline) and liberated by 
means of excess of conc. NaOH aq., the base crystallised from aq. alcohol (20% 
EtOH) in brownish-yellow, feathery needles (19 g.), m. p. 156—157° (Found : 
C, 48-3; H, 2-9; N, 12-2. C,H,N,Br requires C, 48-4; H, 3-2; N, 12-6%). 
Its AcOH solution has an intense red colour, and the yellow solutions in 
HCl aq., HNO;, and H,SO, become intense orange-red on dilution with H,0O. 

The acetyl derivative crystallised from C,H, in sheaves of light brown, 
rectangular prismatic needles, m. p. 179—180° (Found: C, 49-8; H, 3-5; N, 
10-3. C,,H,ON,Br requires C, 49-8; H, 3-4; N, 10-6%). 

The preceding compounds are soluble in the usual solvents (slightly in light 
petroleum) and in HCl aq., HNO;, and H,SO,. 

8-Bromoquinoline-5-arsonic Acid.—8-Bromo-5-aminoquinoline (5-6 g.) in 
HCl aq. (30 c.c., d 1:12; H,O, 12 c.c.) was diazotised at 0° (NaNO,, 2 g., in 
H,0, 5 c,c.) and after 1 hr. the mixture was poured into a solution of sodium 
arsenite (10-5 g.) in H,O (25 c.c.) and saturated CuSO, aq. (2-5c.c.). After 
12 hrs., the whole was warmed gently, the liquid filtered, and the bulky 
residue extracted thrice with 5% NaOH aq. The reaction of the combined 
filtrates was adjusted with HCl aq. to pq 3—4. The pptd. arsonic acid was 
redissolved in hot Na,CO, aq. (charcoal) and repptd. at p, 3—4 with HCl aq. 
It then erystallised from dil. AcOH in stellate clusters of flat colourless needles 
(53 g.), m. p. 234—235° (decomp.) (Found: N, 4-3; Br, 23-8; As, 22-4. 
C,H,O,NBrAs requires N, 4:2; Br, 24:1; As, 22-6%). 

The yield of arsonic acid was only 0-8 g. when the Bart reaction was carried 
out in alkaline solution. 

The arsonic acid is slightly sol. in hot H,O, readily in AcOH, dil. NaOH aq. 
and NH, aq. and conc. HCl aq. and H,SO,, moderately easily in EtOH, but 
almost insol. in C,H,, CHCl,, and light petroleum. 

A gelatinous sodium salt is pptd. by conc. NaOH aq. from a solution of the 
arsonic acid in dil. alkali; it dissolves on boiling and crystallises in needles on 
cooling. 

Gelatinous silver, lead, mercuric, cupric, and calcium salts are precipitable 
from an aq. solution of the ammonium salt, the last only on boiling; it re- 
dissolves on cooling. 

8-Chloro-5-aminoquinoline.—8-Chloro-5-nitroquinoline (Fourneau, Tréfouel, 
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and Wancolle, Bull. Soc. chim., 1930, 47, 740) (16 g.) was reduced in the same 
way as the 8-bromo-compound. The base (12 g.) crystallised from aq. alcohol 
(10% EtOH) in long, light brown needles, m. p. 154—155° (Found: C, 60-6; 
H, 4-1; N, 15-4, Calc. for C,H,N,Cl: C, 60-5; H, 4-0; N, 15:7%) (Claus and 
Schiller, J. pr. Chem., 1893, 48, 146, give m. p. 152°), and formed an acetyl 
derivative, hydrated needles from hot H,O; m. p. after 3 hrs.’ heating at 
100°, 172—173° (Found : C, 59-8; H, 4:1; N, 12-6. C,,H,ON,Cl requires O, 
69-9; H, 4-1; N, 12-7%). 

8-Chloroquinoline-5-arsonic acid (4:1 g.) prepared (from 8-chloro-5-amino- 
quinoline, 4-5 g.) in the same way as the 8-bromo-acid, was pptd.in a crystalline 
condition from its solution in Na,CO, aq. on acidification with HCl aq. to pq 
3—4. Recrystallised from dil. AcOH, it formed needles, m. p. 226—227° 
(decomp.) (Found: As, 26-3. C,H,O,NClAs requires As, 26-1%). 

5-Chloroquinoline-8-arsonic Acid.—5-Nitro-8-aminoquinoline (5-5 g.) was 
suspended in HCl aq. (56 ¢.c., d 1-12) and H,O (16 c.c.) and diazotised at 15° 
(NaNO,, 2-5 g., in H,O, 7 ¢.c.). After 2 hrs. the solution was poured into a 
solution of sodium arsenite (21 g.) in H,O (50 c.c.) and saturated CuSO, aq. 
(5 c.c.) and heated at 90—100° for 1 hr., small quantities of 40% NaNO, aq. 
being added to ensure that there was always a slight excess of HNO, present. 
The mixture was then made slightly alkaline with NaOH aq., and the arsonic 
acid isolated and purified in the same way as the 8-bromo-acid; it formed 
colourless needles (4-9 g.), m. p. 284—285° (decomp.) (Found: N, 4-7; Cl, 12-2; 
As, 26-4. C,H,O,NCIAs requires N, 4-9; Cl, 12-3; As, 26-1%), and resembled 
this acid in solubility and in most of its salts. The pale yellow, gelatinous 
sodium salt dissolved in its mother-liquor on boiling and set to a firm gel on 
cooling. The barium and magnesium salts were pptd. in needles and in a 
gelatinous condition, respectively, from their boiling solutions. 

5-Chloro-6-nitroquinoline-8-arsonic Acid.—A solution of 5-chloroquinoline- 
8-arsonic acid (4 g.) in oleum (20 c.c. containing 10% SO,) was heated with 
KNO, (8 g.) on the water-bath for 21 hrs. The mixture was then poured into 
H,O (100 c.c.), and the reaction adjusted to py 4 with NaOH aq.; yellow 
needles (2-2 g.), m. p. 233—234° (decomp.), of the chloronitroquinolinearsonic 
acid were pptd. (Found : N, 8-1; Cl, 10-9; As, 22-7. C,H,O,;N,ClAs requires 
N, 8-4; Cl, 10-7; As, 22-55%). The acid is slightly sol. in hot H,O, readily in 
AcOH, but practically insol. in the usual neutral organic solvents. ‘It dissolves 
in dil. NaOH aq. and NH, aq. and in moderately conc. mineral acids. 

6 - Nitro - 5 - piperidinoquinoline -8-arsonie Acid.—6-Chloro-6-nitroquinoline- 
8-arsonic acid (1 g.) was heated at 100° with piperidine (5 c.c.) for 4 hrs., the 
mixture added to H,O (10 c.c.), the reaction adjusted to py, 5—6 with HCI aq., 
and the amorph. ppt. crystallised from dil. ACOH; long, orange-yellow, rect- 
angular prismatic needles (0-8 g.), m. p. 259—260° (decomp.) (Found: As, 
19-9. ©,,H,,0,N;As requires As, 19-7%). The arsonic acid resembles the 
preceding acid in solubility. Salts: sodium, calcium, magnesium, and silver, 
yellow gelatinous; barium, yellow needles, sol. in hot H,O; mercuric, yellow 
needles; lead, yellow amorphous; cupric, greenish-yellow gelatinous. 

6-Nitro-5-hydroxyquinoline-8-arsonic Acid.—A solution of 5-chloro-6-nitro- 
quinoline-8-arsonic acid (1 g.) in KOH aq. (10 c.c.,d 1-3) was heated at 100° 
for 3 hrs. and poured into H,O (10 c.e.). The cryst. arsonic acid pptd, at 
Py 4 was redissolved in Na,CO, aq. and repptd. at py 4; reddish-orange needles 
(0-7 g.), m. p. 226—227° (vigorous decomp.) (Found: As, 24-0. C,H,O,N,As 
requires As, 23-9%). It resembles the preceding acid in solubility. Salts: 
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sodium, yellow needles; barium and calcium, orange-yellow gelatinous; silver 
and mercuric, orange gelatinous; lead, orange-brown gelatinous; cupric, 
greenish-yellow geletinous, slightly sol. in hot H,O and crystallises in needles 
on cooling; magnesium, orange-yellow gelatinous (only on boiling). 


The author thanks the Court of the Grocers’ Company, London, 
for a scholarship. 
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296. Optical Rotatory Dispersion in the Carbo- 
hydrate Group. Part I. 


By Tuomas L. Harris, Epmunp L. Hirst, and 
CHARLES E. Woop. 


NOTWITHSTANDING the important part played by the measurement 
of optical rotatory powers in the study of the carbohydrates com- 
paratively little attention has been given to the examination of 
rotatory dispersion in this group. Observations have been made 
chiefly for wave-lengths 5893 A. or 5461 A. and because the ratio 


[«]p/[«]s4g, has been found in most of the cases examined to be 
approximately 0-85 it has often been assumed that sugar derivatives 
show in general simple dispersion. It is well known, however, that 
the character of the dispersion cannot be gauged with sufficient 
exactness from measurements over a small number of wave-lengths 
in a restricted spectral region. Adequate information is obtainable 
only by a systematic study of the rotation over a wide range of 
the spectrum. Such measurements have been carried out by Lowry 
and Richards (J., 1924, 125, 2522) in the case of sucrose, which 
was found to have simple rotatory dispersion over the whole spectral 
range examined (4 6708—3826). 

The object of the present experiments is to investigate over the 
maximum available range of wave-lengths the rotation dispersion 
of a representative series of carbohydrate derivatives. The sub- 
stances used in Part I have been selected on the ground that their 

- Specific rotations are of special importance in connexion with the 
application of Hudson’s iso-rotation rules (J. Amer. Chem. Soc., 
1926, 48, 1424; 1930, 52, 1680, 1707). Since these rules are 
founded upon rotational values for one arbitrary wave-length and 
for a single solvent (water or chloroform according to the solubility 
of the substance in question), it is obviously a matter of importance 
to decide whether the rules hold for other wave-lengths and in 
particular whether the breakdown of Hudson’s rules in the case of 
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a-mannose and its derivatives is to be attributed to differences in 
the type of rotation dispersion shown by glucose and mannose 
derivatives, or to the complete failure of the rules in the case of 
substances which possess the particular configuration present in 
a-mannose. The alternative explanation, put forward by Hudson 
to account for the observed discrepancies, that «-mannose ([«]p 
+ 30° in water) has a different ring structure from «-glucose 
({%J> + 114°) has been shown by conclusive chemical evidence to 
be untenable (Haworth and Hirst, J., 1930, 2615). 

In order to gain information on this point the rotatory dispersions 
in aqueous solutions of «-methylglucopyranoside (I; R =H), 
a-methylglucofuranoside (II; R =H), «-methylmannopyranoside 
(III; R =H), and «a-methylmannofuranoside (IV; R = H) were 
compared. A detailed examination extending over the range 
» 6708—2380 revealed that neither «-methylglucopyranoside nor 
a-methylmannopyranoside showed simple dispersion. With the 
former the maximum deviation from the simple type (9? = 0-022) 
was less than 1% of the observed «. In the case of «-methyl- 
mannopyranoside (i)? = 0-02235) the maximum deviation was in 
the same sense and was less than 2%. The similarity between the 
rotatory dispersions is so great and their deviations from the simple 
type are so small that the failure of the iso-rotation rules in the 
case of «-methylmannopyranoside cannot be accounted for by dis- 
persion differences. 
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Greater complications were encountered in the comparison of the 
two methylfuranosides. «-Methylglucofuranoside showed little de- 
parture from the simple type (A)? = 90-018) down to 13226, but 
below this wave-length marked deviations occurred amounting to 
9% of the observed value at 2 2410. The specimen of «-methyl- 
mannofuranoside, despite the utmost care in purification, was trans- 
parent only to » 3100 (in concentrated solution only to 4 3300). 
Between 2 6708 and 2 3330 the dispersion was to all intents and 
purposes simple. There appeared to be a very slight tendency to 
deviate between A 3330 and A 3018, but unfortunately a direct 
comparison with «-methylglucofuranoside in the interesting region 
below » 3000 was experimentally impracticable. It may be remarked 
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here that the difference between the molecular rotation of «-methyl- 
glucofuranoside ([«], + 118°) and «-methylmannofuranoside ([«], 
-+- 108°) is widely at variance with Hudson’s calculated epimeric 
difference. 

The difference in behaviour between the «-methylglucoside of 
pyranose structure and that of furanose structure is striking, but 
at present sufficient data are not available to allow of conclusions 
being drawn concerning the influence of the furanose ring on the 
dispersion. As stated above, the methylmannoside of furanose 
structure shows little or no deviation from simplicity over the 
range of wave-lengths examined and it is to be remarked also that 
sucrose, which contains a pyranose ring in one half of its molecule 
and a furanose ring in the other half, shows simple dispersion from 
2 6708 to 2356. The observations now recorded prove that the 
simple formula given by Lowry and Richards (loc. cit.) may be used 
with accuracy over a range of wave-lengths extending for at least 
1500 A. below the limit reached by these authors. 

Another case of a similar nature is tetra-acetyl «-methylmanno- 
furanoside (IV; R = CH,°CO). Here in chloroform solution the 
dispersion is simple between A 6708 and 2 3196, the lowest wave- 
length at present attainable. Tetra-acetyl 6-methylmannopyranos- 
ide (VI) also appears to have simple dispersion in chloroform 
(range 4 7520—2614). 

Me 
8 Samy Lo fe 
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Apart from these two cases all the acetylated glycosides examined 
revealed marked departures from simple dispersion. With tetra- 
acetyl «-methylglucopyranoside (I; R = CH,°CO) the deviation at 
2 3185 amounted to 3% of the observed «; with tetra-acetyl 
8-methylglucopyranoside (VII) it was 12-5% at 1 2975; with tetra- 
acetyl «-methylmannopyranoside (III; R = CH,°CO) it was 13% 
at 4 2983, and with the so-called “ y ”-tetra-acetyl methylmannoside 
[3 : 4: 6-triacetyl @-mannopyranose | : 2-orthomethyl acetate (V)], 
which contains two ring systems, the deviation was 4% at 2888. 

As further examples of substances which are epimetic and so 
differ from one another only in the configuration of the groups 
attached to the second carbon atom of the sugar chain, octa-acetyl 
4-8-glucosido-«-mannose and octa-acetyl «-cellobiose were chosen. 
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There can be no question here of any difference in ring structure, 
yet as in the case of many other fully acetylated derivatives, the 
rotations show marked departures from the requirements of Hud- 
son’s iso-rotation rules. In chloroform they both showed complex 
dispersion, the deviations from simplicity being very similar to one 
another and amounting to 4—5% of « at A 2953 and 2d 2976 
respectively. 

It should be emphasised that in every case examined the devi- 

ations from simple dispersion throughout the visual region were so 
smal] that the character of the rotatory dispersion will not account 
for the failure of many of the substances to conform with Hudson’s 
iso-rotation rules. Further evidence is thus obtained that the iso- 
rotation rules as developed by Hudson cannot be used with cer- 
tainty when the stereochemical arrangement of the groups round 
the first three carbon atoms of the sugar molecule is similar to that 
present in «-mannose (compare Haworth and Hirst, loc. cit.; 
Freudenberg and Kuhn, Ber., 1931, 64, 703). 
' In connexion with the influence of cis- and trans-groupings on 
the character of the rotation it is of interest to note that tetra- 
acetyl «-methylmannopyranoside and tetra-acetyl §-methylgluco- 
pyranoside, which have the OMe group on carbon atom 1 trans to 
the acetyl group on carbon atom 2, show marked deviations from 
simple rotatory dispersion, whilst tetra-acetyl «-methylgluco- 
pyranoside and tetra-acetyl 6-methylmannopyranoside, in which 
the corresponding groups occupy cis-positions, show only small 
deviations. 

A further point of interest is that for the substances now examined 
the deviations from simplicity are all of the same sign. This applies 
equally to tetra-acetyl «-methylglucoside and to tetra-acetyl - 
methylglucoside. In the latter, owing to the preponderating 
influence of the first carbon atom, the sign of the observed rotation 
is reversed as compared with the «-derivative, but the sign of the 
deviation from simplicity is not reversed. It may be suggested, 
therefore, that optically active bands belonging to that portion of 
the molecule other than the reducing carbon atom are mainly 
responsible for the departure from simplicity. It will be apparent, 
however, that the calculation of a two (or more) term equation 
from the data available presents almost insuperable difficulties, 
whilst the strong general absorption of the substances in the extreme 
ultra-violet renders impossible the direct observation of absorption 
bands. In any case the absorption effect responsible for the 
rotation might be expected to be exceedingly minute (compare 
Kuhn, Trans. Faraday Soc., 1930, 26, 293; Ber., 1930, 63, 191). 

The observations are summarised in the accompanying table. 
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In those cases where no single-term equation could be used to 
express the whole of the observed rotations, the simple equation 
which approximates most closely to the observed values has been 
given. The values of ),? are of the order 0-025 and correspond to 
an absorption band situated far in the ultra-violet at about % 1500, 

The results now communicated show that in this series of sub- 
stances complex dispersion is more usual than simple. In sub- 
sequent papers the rotatory dispersion of other carbohydrates will 
be discussed, including the interesting series of sugar lactones in 
which a remarkable variation of rotation with solvent has been 
described by Haworth, Hirst, and Smith (J., 1930, 2659). In 
many cases these display anomalous rotatory dispersion expressible 
by means of two-term equations of the Drude type. 


Range of Maximum 
wave- deviation 
lengths Type of from 

examined disper- simple 

Substance. (Ain A.). sion. Ay’. formula, %. 

Sucrose 6708—2356 Simple 0-0213 nil 
a-Methylglucopyranoside 6708—2396 Complex 0-022 0-9 
2 Matkwlaesclussnande .-- 6708—2410 Complex 0-018 9 
a-Methylmannopyranoside 6708—2380 Complex 0-022 1-8 
a distiaiennaimnantis 6708—3018 Simple 0-019 — 
Tetra-acetyl a-methyl- 

glucopyranoside 6708—3185 Complex 0-026 
Tetra-acetyl a-methyl- 

mannopyranoside 6708—2983 Complex 0-030 
Tetra-acetyl a-methyl- 

mannofuranoside 6708—3196 Simple 0-030 
Tetra-acetyl 8-methyl- 

glucopyranoside 6708—2975 Complex 0-030 
Tetra-acetyl B-methy]l- 
mannopyranoside 7520—2614 Simple 0-022 
y ’’-Tetra-acetyl methy]- 
mannopyranoside 6708—2888 Complex 0-025 
Octa-acetyl a-cellobiose ... 6708—2976 Complex 0-017 
Octa-acetyl 4-8-glucosido- 


6708—2953 Complex 0-024 


EXPERIMENTAL 


The spectropolarimeter was of the type devised by Lowry (Proc. Roy. Soc., 
1908, 81, 472). A Hilger polarimeter, capable of accommodating 4 dm. 
tubes, was fitted with Foucault prisms and quartz-fluorite lenses in such 4 
way that a real image of the horizontal triple field could be focused on the 
vertical slit of a spectrograph. The polarimeter was fixed on a rotatable 


table and two spectrographs were so mounted that by a slight movement of. 


the table the image of the triple field could be centred on the slit of either 
instrument. For observations in the visual region a Hilger constant-deviation 
spectrometer was used and the same instrument fitted with a camera was 
employed for readings in the violet region. Measurements in the ultra- 
violet were made by means of a Hilger medium quartz spectrograph. 

The visual readings were obtained in the ordinary way by turning the 
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polarimeter circle until the three fields visible in the telescopic eyepiece of 
the spectrometer were evenly matched for the spectral line selected. The 
photographic observations necessitated a different procedure. In this case 
the polarimeter circle was set at a definite reading and the exposure was 
made with the image of the triple field in one section of a Hartmann diaphragm. 
The next division of the diaphragm was then moved into place over the slit 
and a photograph of an iron arc spectrum was taken, the vertical iron elec- 
trodes being placed between the polarimeter and the spectrograph. The 
iron spectrum was in this way registered in exact juxtaposition with the 
previous spectrum. With the aid of a low-power travelling microscope it 
was then possible to determine exactly the wave-length at which the three 
fields of the polarimetric photograph had the same intensity. The process 
was repeated with other settings of the polarimeter until the desired range of 
wave-lengths had been covered. 

In the following tables the visual readings are for fixed wave-lengths and 
any experimental errors occur in the observed value of a. With a half-shadow 
angle of 5°, which was chosen after numerous preliminary experiments as 
the most convenient, the experimental errors do not in general exceed + 0-02°. 
The photographic readings on the other hand have a definite a and the errors 
of observation occur in the measurement of A. With the instruments men- 
tioned above there is sufficient dispersion of the spectral lines to render 
possible the measurement of the end-point to within +- 1 A. in the region of 
A 2500, +- 2 A. in the region A 3000—3500 A., and + 3—5 A. in the neigh- 
bourhood of A 4000. At the limit of transparency of a substance, when long 
exposures were necessary, fogging of the plates occasionally tended to impair 
the accuracy of reading and in such cases a range of wave-lengths is given 
between which the end-point certainly occurs. The accuracy of the photo- 
graphic method is higher for large values of a owing to the increased sharp- 
ness of the change-over at the end-point. Whenever possible, observations 
have been made with solutions having a large rotation. In ‘certain cases, 
however, this was impossible, but an examination of the results given below 
will show that here also highly accurate measurements are obtained by the 
photographic method. 

The experiments were greatly facilitated by the use of an extremely intense 
light source (see below) in conjunction with very rapid photographic plates, 
e.g., Ilford Iso-Zenith (H. and D. 700) and Imperial Eclipse (H. and D, 650). 
In a few cases photographic readings in the extreme red were made by using 
a glass prism and Kodak Extreme-red sensitive plates supersensitised by 
means of ammonia. The plates were in all cases developed to give contrast 
in the negatives. 

After experiments with various types of arc it was found that the most 
suitable light source was an arc between oppositely rotating vertical tungsten 
electrodes. The current used varied from 4—10 amps. according to the 
opacity of the solution at the spectral region under investigation. With 
Ilford Iso-Zenith plates, a slit 0:02 mm. wide, and a current of 4 amps., an 
exposure of about 1 min. was required in the region of A 4500. The photo- 
graphic readings were discontinued when a wave-length was reached at 
which exposures of more than 45 mins. with a heavy current were required. 

The same light source was used for visual observations. The following 
lines were prominently displayed by the electrodes used and were selected for 
visual readings : \ 6292, 5805, 5515, 5225, 4887. In addition, visual readings 
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were obtained for A 6708 and 6104 by feeding LiBr into the are from an 
asbestos wick. Observations in sodium light were obtained by feeding the 
are with NaNO,. The complete list of visual lines is, therefore, in order of 
wave-length: A 6708, 6292, 6104, 5893, 5805, 5515, 5225, 4887. 

In the tables, observations for the above wave-lengths refer to visual 
measurements. All others were obtained photographically. 

Early in the investigation it became apparent that for success in the 
polarimetric work it was not sufficient to control the purity of the substances 
used by m. p., specific rotation and analysis. On many occasions substances 
which were apparently pure and gave clear colourless solutions were found to 
be strongly absorbent in the ultra-violet. The proportion of the impurity 
was clearly extremely minute but was nevertheless sufficient to prohibit the 
taking of spectropolarimetric measurements in the very region most desired. 
Aecordingly the process of purification was controlled by spectro-photometric 
methods, a Hilger sector photometer being employed. None of the sub- 
stances described in this paper showed selective absorption in the ultra-violet. 
The elimination of the light-absorbing impurity was in many cases extremely 
tedious and in spite of efforts made it seems probable that in certain instances 
the state of maximum transparency has not been reached. For example, 
polarimetric observations with e-methylmannoside were possible at A 2380, 
whereas with the purest specimen of a-methylmannofuranoside the limit was 
A 3018. The opacity in this case seemed to be due rather to adventitious 
impurities than to the presence of the furanose ring structure, since a-methyl- 
glucofuranoside was transparent to A 2410. Similar irregularities in opacity 
were encountered amongst the acetylated glucosides examined. The impurity 
responsible for the absorption had no effect on the rotation, precisely the 
same rotatory dispersion being observed with ‘‘ opaque ”’ and “ transparent” 
specimens of the same substance over the spectral range common to both. 

During the observations the solutions were kept at a const. temp. by means 
of a cylindrical water jacket attached to the polarimeter and so shaped that 
it replaced the bed of the instrument. A rapid stream of water from 6 
thermostat was passed through the jacket, which fitted closely round the 
polarimeter tube. 

Matched end plates of erystalline quartz were used, eut respectively from 
d- and l-quartz. The matching of the pair used was not quite perfect, the 
residual rotation being about — 0-01° at A 5893 and — 0-06° at A 3000. The 
polarimeter reading required correction on this account and a further corre¢- 
tion was necessary because the zero of the polarimeter was not the same for 
all wave-lengths. Below A 3000 the absorption of ultra-violet light by the 
calcite prisms becomes noticeable with the result that when the polarimeter 
is set on the zero for wave-lengths above A 3000 the two outer sections of the 
triple field transmit less light than the central section. The necessary cor 
rections were obtained by taking a series of photographs with polarimeter 
settings at intervals of 0-02°, beginning with the zero setting for A 5893, On 
each photograph the wave-length for which the three fields had even intensity 
was measured and the results were plotted on a graph from which the zero 
of the instrument for any wave-length could be determined. 


BR Tikecdie cdots 3000 2800 2600 2400 2300 
Correction ... 0-00° 0-00° 0-01°. 0-07° 010° @-16° 0-25° 0-30 





soluti 
throu 
Richa 
used » 
by thi 


DISPERSION IN THE CARBOHYDRATE GROUP. PARTI. 2115 


In practice the sum of the two corrections was determined experimentally 
by taking & series of photographs with small intervals (0-02°) between succes- 
sive polarimeter settings, the polarimeter tube being in position fitted with 
end-plates but empty. The photographs were examined as before and a 
graph was drawn which gave the total correction to be applied to the observed 
value of a for any particular value of A. 


5000 4000 3500 3000 
+ 0-01° + 0-02° + 0-02° + 0-01° — 0-01° 
A 2800 2600 2400 2300 
Total correction ... —0-04° — 0-08° — 0°15° — 020° 


The accuracy of the above procedure was checked by plotting against wave- 
length the difference between the two corrections tabulated above. The 
resulting curve corresponded closely to the known rotation dispersion curve 
of quartz. 

Suerose.—Recryst. sucrose of A.R. quality, supplied by Messrs. British 
Drug Houses, was used, [a]?”” + 66-5° in H,O (c, 17:2). The observations of 
Lowry and Richards (loc. cit.) have been extended to A 2356, where absorp- 
tion of light both by the calcite prisms of the polarimeter and by the sucrose 
solution began to be pronounced. The dispersion is apparently simple 
throughout the range examined and the value for A,” given by Lowry and 
Richards applies exactly. The accuracy of the methods of measurement 
used was shown by the fact that over the range of wave-lengths examined 
by the earlier investigators our observed results differed from the calc. values 
by at most 0-05°. In view of this complete agreement with the previous 
results we have omitted from the following table all observations between 
A 6708 and A 4045 except that for A 5893. 


ec, 17-218in H,O. ¢, 20°, 1,2dm. [a];’ = 2-9039a;. 
a, = 7-4645/(A? — 0-0213). 


7 
Bi 


A. Gobs.- Gecaic. Diff. A. Aoba,+ Aecale.« 
5893 + 22-90° + 22-90° +0 2736 139-37° 139-37° 
4045 52-41 562-45 —0-04° 2670 149-35 149-32 
3981 54-41 6441 +0 tty 159-34 159-25 
3833 59-41 569-42 —0-01 2610 159-43 
3589 69-41 69-43 — 0-02 2557 169-31 169-33 
3396 79-40 79:39 + 0-01 2558 169-13 
3237 89-40 89-41 —0-0l 2464 189-30 189-37 
3105 99-40 99-38 + 0-02 2465 189-15 
2992 109-39 109-42 — 0-03 2468 188-58* 188-45 
2895 119-38 119-41 — 0-03 2390 208-50* 208-38 
2811 129-38 129-33 + 0-05 2366 218-48* 218-21 


* These three Sbservations were made with a tube of length 1 dm., the 
same solution being used. The observed a, has been doubled before inclusion 
in the table. 
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a-Methylglucoside.—This was repeatedly crystallised from EtOH containing 
some H,O, the progress of the purification being controlled by measurement 
of the ultra-violet absorption spectrum. The pure substance, [a]j’” + 158-2° 
in H,O (c, 16-1), showed little or no absorption until 4 2300 for 16% aq. 
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solutions examined in 2 cm. tubes. Below A 2300 strong general absorption 
set in (compare Marchlevski and Mayer, Bull. Acad. Polonaise, 1929, 111), 
The rotatory dispersion of a-methylglucoside is almost simple, but the devi- 
ations from the calc. values are considerably greater than the possible experi- 
mental errors and the dispersion must be classed definitely as complex. 


c, 16104 in H,O. #, 20°. 1,1 dm. [a]j” = 6-2112a,. 
a, = 8-2962/(A2 — 0-0220). 


A Qobs. a Diff. A. Qobs.- Gadi Diff, 


6708 -- 19-33° + 19-38° — 0-05° 3183 105-43° 104-60° 
6292 22-13 22-17 — 0-04 3042 118-42 117-61 
5893 25°47 25°51 — 0-04 2911 133-39 132-23 
5805 26-34 26:34 + 0-00 2863 .139-39 138-34 
5515 29-44 29-40 -+ 0-04 2790 149-38 148-57 
5225 33-10 33°05 + 0-05 2691 165-36 164-56 
4887 38-26 38°26 +0 2616 179-34 178-66 
4820 39-46 39-44 +- 0-02 2545 194-32 193-97 
4484 46-47 46-33 -+- 0- 2497 206-31 205-86 
4182 54°47 54:26 -+- 0- 2458 216-29 215-95 
3942 62-47 62:19 -+ 0- 2430 224-29 223-93 
3728 71-46 70-92 } 2412 229-28 229-32 
3532 81-45 80-74 ° 2405 231-27 231-48 
3338 93-44 92-78 + 0: 2396 234-27 234-30 
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a-Methylglucofuranoside.—A specimen prepared by Haworth, Porter, and 
Waine (see paper No. 319) was used. This had m. p. 62—63° and [a]?! 
-+ 118-0° in water (c, 4-5). A solution of this concentration examined in a 
tube of length 2 cm. showed general absorption from A 2500, but no specific 
absorption. The rotatory dispersion was complex. 


c, 4°544in H,O. ¢, 20°. 1,1 dm. [a]z” = 22-007). 
a, = 1-762/(A? — 0-018). 


A. Goba.- Qeale.+ Diff. A. Gobs.+ calc. 
6708 + 410° + 409° + 0-01° 3371 18-46° 18-42° 
6292 4-61 4-66 ° 3226 20-45 20-47 
6104 5-05 4-97 ; 3100 22-45 22-56 
5893 , 5-35 ° 2987 24-44 24-74 
5805 , 5-52 . 2895 26-43 26-77 
5615 “16 6-16 2805 28-42 29-04 
5525 , 6-91 2722 30-40 31-41 
4887 Of 7-98 2668 31-89 33-13 
4780 , 8-37 2618 33-37 34-86 
4324 ° 10-43 2570 34-86 36-67 
4005 . 12-37 2524 36-35 38-55 — 2-20 
3747 , 14-40 2462 38-32 41-35 — 3-03 
3546 i 16-35 2410 40-30 43-96 — 3-66 
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a-Methylmannopyranoside.—This was prepared by heating mannose with 
2% methyl-aleoholic HCl. The crude product was crystallised several times 
from EtOH until spectrophotometric examination showed that an aq. solution 
was transparent down to A 2300. At lower wave-lengths general absorption 
was observed. The specimen used had m. p. 190°, [a]? + 78-6° in H,0 (¢, 
12-5). The rotatory dispersion was complex. 
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c, 12-489in H,O. ¢, 25°. 1,2dm. [a]? = 4-0035a;. 
aa = 6°3913/(A? — 0-02236). 


r. @obeie Gentaie Diff. A. Aobs.- Coins Diff. 
6708 + 14-94° + 14:95° —0-01° 3931 48-43° 48-35° + 008° 
6292 17-16 17710 + 0-06 3711 55-43 55-40 03 
6104 18-26 18-25 + 0-01 3510 63-43 63-38 
5893 19-64 19-67 — 0-03 3330 72-42 72-30 
5805 20-31 20-31 + 0-00 3161 82-42 82-40 
5515 22-69 22-68 + 0-01 3026 92-42 92-34 
5515* 22-64 22-68 — 0-04 3025* 92-36 92-42 
§225 25°53 25°50 + 0-03 2806 112-38 113-35 
4887 29-63 29-52 + 0-11 2608 138-94 139-95 
4882 29-63 29°59 + 0-04 2603* 139-76 140-76 
4630 33-44 33-28 + 0-16 2512* 155-48 156-84 
4403 37-44 37°26 + 0-18 2510 155-48 157-22 
4208 41-44 41-40 + 0-04 2432* 171-40 173-70 
4039 45-44 45:40 + 0-04 2380* 183-12 186-36 

* Observations with a 1 dm. tube. 
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a-Methylmannofuranoside.—This, m. p. 119°, was prepared by Haworth, 
Hirst, and Webb’s method (J., 1930, 651). Spectrophotometric measure- 
ments on a 4% aq. solution in 2 cm. tubes showed no specific absorption, 
but general absorption from A 2800. The specific rotation of this substance 
has been given as + 113° in H,O, c, 1-1 (Haworth and Porter, J., 1930, 649; 
Haworth, Hirst, and Webb, loc. cit.). This value is slightly too high, the 
figure recorded in the present experiments with highly purified material 
being [a]j?” + 108-4° (c, 4-2). The rotatory dispersion is simple or at most 
very slightly complex over the range examined. 


¢,4169in H,O. ¢,25°. l,1dm. [a]}” = 23-99a;. a, = 1-486/(A* — 0-019). 


A. Qods.- Gems Diff. A. Aovs.+ Acale. Diff. 
6708 + 3°43° + 3-45° . 4681 7-44° 7-43° 
6292 3-92 3-94 03 4424 8-44 8-4] 
6104 4-20 4-20 - 4045 10°44 10-28 
5893 4-52 4-53 . 3745 12-43 12-29 
5805 4-65 4-67 . 3504 14-43 14-38 
5-22 5-21 L Q- 3306 16-42 16°55 
5-87 5-86 }- Q- 3145 18-42 18-59 
6-43 6-42 + O- 3018 20°42 20°67 
6°84 6-82 : 


The simple nature of the dispersion over the range A 6708—3353 was con- 
firmed by the following series of measurements made with a conc. solution. 


[aJp = 108-1° (c, 13-169) in H,O. t= 26°. L=2dm. [af = 3-797a, 
aa = 9°3432/(A? — 0-0190). 

A. Gobs.- Aealc.- Diff. A. Gove. Aecalc.+ Diff. 
6708 + 21-65° + 21-68° —0-03° 4887 42:47°  42-50° — 0-03° 
6292 24-78 24-77 +001 4434 5263 5261 + 0-02 
5805 29-39 29:38 + 0-01 3989 6668 6668 + 0:00 
5225 36-83 3678 + 0-05 3353 100-00 10001 —0-01 


Tetra-acetyl a-Methylglucoside.—This was prepared by the acetylation of 
a-methylglucoside. The specimen used had m. p. 101°, [aJ>” + 134-4° in 
CHCl, (c, 14-6). Spectrophotometric observations with a 15% solution in 
CHCl, (1, 2 cm.) showed strong general absorption below A 3000. The rotatory 
dispersion was complex. 
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c, 14-5904 in CHCl, #, 25°. 1,1 dm. [a]j’ = 6-854a,. 
ag = 6-298/(A? — 0-026). 


A. G@ebae Qeale.+ Diff. A. Gedats Heaton Diff. 
6708 -+ 14-83° + 14-86° — 0-03° 4523 35°44° 35°27° -+- Q17° 
6292 17-03 1702 + 0-01 4353 38-44 38-52 — 0-08 
6104 18-18 18:17 + 0-01 4171 42-43 42-56 — 0-13 
5893 19-61 1960 + 0-01 4011 46-43 46-69 — 0-26 
5805 20°25 20-25 -+ 0-00 3872 50-43 50-82 — 0°39 
5515 22-62 2264 — 0-02 3748 64-43 55-02 — 0-59 
5225 25-48 2550 — 0-02 3625 59-03 59-75 — 0-72 
4887 29-60 29-59 4+ 0-01 3462 66-03 67-10 — 1:07 
4887* 29-61 29-59 + 0-02 3252 77-02 78-97 — 1-95 
4691 32°44 32-45 — 0-01 3185 81-02 83-48 — 2-46 


* Here and in the following tables, an asterisk denotes photographic 
measurement. 


Tetra-acetyl B-Methylglucoside.—This was prepared from acetobromoglucose 
by Hudson and Dale’s method (J. Amer. Chem. Soc., 1915, 37, 1264). The 
specimen used had m. p. 104°, [a]j? — 18-7° in CHCl, (c, 12-9) and a 13% 
solution in CHCl, showed strong general absorption below A 2800. The 
rotatory dispersion was complex, the deviations from the simple formulas 
being in the same direction but considerably greater than those found in the 
ease of tetra-acetyl a-methylglucoside. 


¢, 12-921 in CHCl,. ¢, 25°. 1,2dm. [a];” = 3-870¢;. 
a, = — 1-538/(A2 — 0-03). 


A. Qobs.- Gadi Diff. A. a Gesiae Diff. 
6708 — 3-69° ‘66° — 0-03° 4466 9-06° 9-08° + 0-02° 
6292 4-20 “g +0 4119 11-06 11-01 — 0°05 
6104 4°50 . — 0-01 3866 §=113-06 12-87 — 0-19 
5893 4-84 . + 0-01 3670 15-07 14-69 — 0-38 
5805 5-02 , — 0-01 3510 17-07 16-50 — 0-57 
5515 5-58 + 0-03 3397 19-07 18-01 — 1-06 
5225 6:31 . + 0-02 3285 21-08 19-74 — 1-34 
5069* 6-76 : + 0-02 3197 23-08 21-30 — 1-78 
4887 7-34 ‘ + 0-02 3126 25-08 22-71 — 2-37 
4887* 7:36 . +0 3057 27-08 24-24 — 2-84 
4700 8-06 . +0 2975 30-09 26-29 — 3-80 


Tetra-acetyl a-Methylmannoside.—This, m. p. 65°, [a]? + 49-2° in CHCl, 
(c, 6-5), was prepared by Dale’s method (J. Amer. Chem, Soc.,; 1924, 46, 1046). 
In CHCl, solution strong general absorption was observed below A 2800. 
The rotatory dispersion was complex. 


c, 6-4879 in CHCl. #, 25°. 1,2dm. [a]; = 7-707a;. 
a, = 2-026/(A2 — 0-03). 


Qeale.+ Diff, A. Gun, Guste< Diff. 

82° + 482° + 4640 10-94° 10:93° + 001° 
. 4376 12-44 12-55 — O11 

4107 14-44 14-61 — 017 

3872 16-44 16-89 — 0-45 

3688 18-43 19-11 — 068 

3631 20-43 21-40 

3390 22-43 23-86 

3269 24-42 26-36 

3120 27-42 30-08 

2983 30-43 34°35 


A. 
6708 -+- 
6292 
6104 
5893 
5805 
5615 
5225 
5348* 
5067* 
4843* 
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Tetra-acetyl B-Methylmannoside.—This, m. p. 161°, [a]? — 50:4° in CHCl, 
(c, 11-4), was prepared by the method of Bott, Haworth, and Hirst (J., 1930, 
2655). In CHCl, solution (c, 11-4) it showed greater transparency to ultra- 
violet light than did most of the acetates examined. Strong general absorp- 
tion was observed below A 2600. The rotatory dispersion was apparently 
simple. 


c, 11-415 in CHCl. t, 25°. 1,2 dm. [a]? = + 4-3802a,. 
a, = — 3°748/(A2 — 0-0215). 

4 Gobe,- Qealc.+ Diff. A. Gobs.- Acalc. Diff. 
*7520—30 —6-80° —6-88° + 0:08° 4887 17-23° 17:24° + 0-01° 
*7010 8-05 — 0-07 4404 21-77 21:73 —0-04 

6708 8°73 15 + 0-02 3784 30°77 30:30 —0-03 
6292 10-01 — 0-01 3101 50-00 50:20 + 0-20 
5805 11-87 + 0-01 2789 66-62 66-59 —0-03 
5225 14-87 14:90 + 0-03 2614 79-97 80:03 + 0-06 


Tetra-acetyl a-Methylmannofuranoside.—A sample, m. p. 63°, [a]? + 108-5° 
in CHCl, (c, 11-0), was prepared by Haworth, Hirst, and Webb’s method (J., 
1930, 655). When examined spectrophotometrically in CHCl, solution, it 
showed no selective absorption. Marked general absorption commenced at 
\ 3000. The rotatory dispersion was approximately simple. 


c, 11-0407 in CHC],. ¢, 25°. 1,1 dm. [a]; = 9-0576a,. 
a, = 3°80/(A2 — 0-030). 

A. Gobs.- Acale.e Diff. A. Qobs. Aealc.« Diff. 
6708 + 9-08° +-9-05° + 0-03° 4235 25:44° 25-44° 40 
6292 10°39 10°38 + 0-01 4045 28-43 28-44 — 0-01° 
6104 —s-:11-08 1109 —0-01 3883 31-43 31-46 
6893 ~=—«:11-98 11-98 +0 3748 34-43 34-40 
5805 12-34 12°38 —0-04 3628 37-43 37-39 
5515 13-86 13-837 — 0-01 3557 39-43 39-36 
5225 =: 15-63 15-64 —0-01 3490 41-43 41-39 
4887 18-24 18-20 + 0-04 3428 43-42 43-42 
4887* 18-24 18-20 + 0-04 3371 45-42 45°43 
4874 18-35 18-31 + 0-04 3321 47-42 47-33 
4674 20-18 20-16 + 0-02 $248 60-42 50-33 
4467 22-44 22-41 + 0-03 3196¢ 52-42 52-67 


+ This value is subject to a possible error + 3 A. 
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Tetra-acetyl “‘ y”’-Methylmannoside (Triacetyl B-mannopyranose 1 : 2-ortho- 
methyl acetate).—This acetate, m. p. 104°, [a]p’ — 30-1° (c, 32-0) in CHCI,, 
was prepared by Dale’s method (J. Amer. Chem. Soc,, 1924, 46, 1046). In 
CHCl, it showed strong general absorption below A 2700. Its rotatory 
dispersion was complex. 


c, 31-98 in CHCl. ¢, 26°. l,ldm. [a]; = 3:127a,. 
a, = — 3:1083/(A? — 0-025). 


a. Gots.- eale.* Diff. A. obs, ecale.+ 
7490* — 5-81° —5-80° — 0-01° 4880 14-49° 14-58° 
7300* 6-14 6-12 — 0-02 4014 22-73 22-83 
6708 7°32 7-31 — 0-01 3738 27-04 27-09 

8-40 8-37 — 0-03 3444 33-33 33-20 
9-97 9-96 + 0-01 8247 39-04 38-65 
11-10 11-13 + 0-03 3068 45-99 44-97 
12-49 12-53 + 0-04 2987 49-97 48-40 
14-49 14:54 + 0-05 2888 65-53 53-22 
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Octa-acetyl Cellobiose.—This, m. p. 224°, [aJf + 41-6° in CHCl, (c, 15-4), 
was prepared from cellulose by Haworth and Hirst’s method (J., 1921, 119, 
193). In CHCl, it showed strong general absorption below A 2750. The 
rotatory dispersion was complex. 


c, 15°39 in CHCl. ¢, 25°. 1,2dm. [a]; = 3-249a,. 
a, = 4:225/(A2 — 0-017). 


pt Gobs.- Geil Diff. A. Gobs.- Gade.» Diff. 

6708 + 9-79° + 9-76° + 0-03° 4273 25-45° 25-52° — 0-07° 
6292 11-12 11-14 — 0-02 4110 27-70 27°81 — 0-11 
6104 11-88 11-88 + 0- 4011 29-24 29-36 — 0-12 
5893 12-8] 12-79 . 3857 31-85 32-06 — 0-21 
5805 13-21 13-20 . 3700 34-97 35-24 — 0-27 
5515 14-73 14-71 3549 38-31 38-78 — 0°47 
5225 16-54 16-50 . 3398 . 42-19 42-91 — 0-72 
4887 19-06 19-05 + Q- 3239 46-95 48-06 — 1-11 
4892* 19-06 19-00 +- 0-06 3076 52-36 54-43 — 2-07 
4694 20-83 20-78 + Q- 2976 56-50 59-04 — 2-54 
4498 22-83 22-80 + 0-03 


Octa-acetyl 4-Glucosidomannose.—This substance (Brauns, J. Amer. Chem, 
Soc., 1926, 48, 2776) was prepared by acetylation of 4-glucosidomannose (J., 
1930, 2643). The material used was crystallised several times from EtOH; 
m. p. 202—203°, [a]? + 36-0° in CHCl, (c, 14-7). In CHCl, it showed strong 
general absorption below A 2800. The rotatory dispersion was complex. 


c, 14-72 in CHCl, ¢, 25°. 1,2dm. [afi = 3-396a,. 
a, = 3°427/(A2 — 0-024). 


A. Govs.+ Ceiies Diff. A. Aobs.- Gasiae Diff. 
6708 + 807° + 8-05° + 0-02° 4891 15-95° 15-92° + 0-03° 
6292 9-22 9-21 + 0-01 4580 18-53 18-45 + 0-08 
6104 9°83 9-83 4185 22-73 22-67 + 0-06 
5805 10-91 10-95 . 3789 28-63 28-66 — 0-03 
5515 12-21 12-23 . 3450 35-73 36-06 — 0°33 
5225 13-75 13-76 . 3122 45-47 46-65 — 1-18 
4887 15-95 15-95 2953 T 51-60 54-22 — 2-62 


+ Observation with 1 dm. tube. 
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297. Three-carbon Tautomerism in Dicyclic Systems. 
Part I. Comparison of Corresponding Compounds 
of trans-8-Decalin and cycloHexane. 


By R. 8S. THaxur. 


In their investigations of cycliccompounds of thetype (CH,),, >C:CHX 
(x = 4, 5, or 6; X = CO,H, CO,Et, COAlk, or CN) Kon, Linstead, 
and their collaborators observed some remarkable and theoretically 
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unexpected differences amongst otherwise similar compounds : 
eg., whereas in a number of cyclopentenyl derivatives the 
equilibrium is on the side of the «8-form, in the cyclohexenyl com- 
pounds it is on the side of the By; again, the former compounds are 
without exception much more mobile than the latter. 

It is difficult to reconcile these facts with the theories based on the 
ionic-electromeric mechanism (Ingold, Shoppee, and Thorpe, J., 
1926, 1497 ; Ingold, Ann. Reports, 1927, 24, 106; Linstead, J., 1929, 
2498) put forward to explain the effect of structure on tautomerism. 
The influence of ring strain was tentatively advanced by Kon and 
Speight (J., 1926, 2727; compare also Linstead, J., 1929, 2502) as an 
explanation, and it appeared to be of interest to pursue the matter 
further. 

Attention has therefore been directed to dicyclic systems the 
strainless character of which is now generally accepted, and the 
behaviour of compounds containing a decahydronaphthalene ring 
has been compared with that of the corresponding cyclohexane 
compounds, in which the existence of strain is by no means finally 
proved. trans-6-Decalol being easily obtainable in the pure form, 
the compounds of trans-$-decahydronaphthalene were synthesised 
for this purpose. An added interest attached to this choice, as the 
model of trans-8-decahydronaphthalene should be under considerable 
strain on the conception of melined uniplanar component rings 
(Haworth, Ann. Reports, 1927, 24, 99). 

All the compounds depicted in the accompanying scheme have 
been isolated in the preparation of the unsaturated acids (VII) and 
(EX) from trans-$-decalone (I) (compare Rao, J., 1930, 1162). 
Ethyl 2-hydroxy-trans-decalin-2-acetate (II, III) seems to be a 
mixture, as it boils over a wide range and gives two fractions having 
different physical properties. By hydrolysis it yields three isomeric 
acids (mainly V; IV, VI): on the Sachse-Mohr hypothesis it is 
difficult to explain the existence of more than two, but (VI) may be 
& eutectic mixture of the other two. 

More interesting is the isomerism observed in the acids obtained 
by the dehydration of the hydroxy-acids with acetic anhydride. 
The two trans-decahydronaphthylidene-2-acetic acids, to which 
the configurations (VII) and (VIII) are arbitrarily assigned, are 
distinct. individuals, differing in m. p., in solubility, and in their 
derivatives, and their ethyl esters (X and XI; formule as VII and 
VIII, respectively), though having nearly the samé physical proper- 
ties, yield two distinct acids on hydrolysis, but on odoriolysis give 
the same ketone (I). The acid (VIII) is stable to boiling dilute 
hydrochloric acid and is only partly converted into’ (VII) and the 
—, (IX) by prolonged exposure to ultra-violet light: the 
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conversion of (VII) into (VIII) by similar treatment was not ob- 
served. The two acids are converted into the same fy-acid (IX) by 


CH, CH, CH, CH, 


. ) CH ‘CO 
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(IV.) A, m. p. 140—141°. (V.) B, m. 4 116—118°. 
(VI.) C, m. p. 88—90°. 
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(VII.) (IX.) (VIII.) 
aB-Acid A, m. p. 143°. By-Acid. aB-Acid B, m. p. 96—98’, 


boiling alkali. This appears to be the first instance of the isolation 
of such a pair of cyclic acids, though their existence has long been 
suspected (compare Eccott and Linstead, J., 1929, 2153; Kon and 
Thakur, J., 1930, 2217; Kon, Leton, Linstead, and Parsons, J., 
1931, 1411). 

In the preparation of the «$-acid under certain conditions, a 
considerable quantity of a neutral compound is isolated; this does 
not seem to be a lactone, but yields on distillation the By-acid (IX) 
and 2-methylene-trans-decalin (XIX). When the «§-acid is itself 
heated with acetic anhydride in presence of pyridine, an analogous 
neutral compound is obtained, which gives the Sy-acid on distillation. 

The constitution of the ®y-acid (IX) as the A***- and not the 
A*‘1.acid, left undetermined by Rao (loc. cit.), has now been settled 
by the isolation of trans-cyclohexane-l :2-diacetic acid from the 
product of ozonolysis of the By-ester (XII; formula as IX). 

The acid chlorides of (VII) and (VIII) undergo extensive isomeric 
change on distillation (compare Newbery, J., 1925, 127, 295; 
Johnson and Kon, J., 1926, 2648; Eccott and Linstead, J., 1929, 
2153), but by working at a low temperature and avoiding distillation 
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it has been possible to prepare the pure chlorides, and from them 
pure derivatives, ¢.g., the two amides (XIII) and tance 
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(not isolated) 






Two trans-decahydronaphthylidene-2-acetones also should be 
obtainable from these acid chlorides by condensation with methy]l- 
zinc iodide, but distilled acid chlorides were used in the syntheses 
and only one ketone (XXII) was isolated (semicarbazone, m. p. 
187°). Asmall quantity of a second semicarbazone (m. p. 199°) was, 
however, obtained. 
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The ketone (XXII) was also obtained, together with some of the 
Sy-isomeride (XXIII), by the Blaise-Maire reaction from the acid 
chloride of 2 kp trans-decalin-2-acetic acid (compare Kon 
and Narayanan, J., 1927, 1546): it had the molecular exaltation 
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(1:22) characteristic of such compounds and gave decalone on 
oxidation. 

The synthesis of the pure «$-ketone (XXII) presented great 
difficulty on account of the considerable conversion of the «$-acid 
chloride into the ®y-form on distillation and the tendency of the 
semicarbazones of the «$- and the Py-isomeride to form a low- 
melting (80—98°) eutectic mixture containing the constituents 
roughly in the ratio in which the ketones are present at equilibrium. 
Attempts to break up this combination by treatment with dilute 
aqueous sodium hydroxide (Forster and Zimmerli, J., 1910, 97, 
2156), by differential hydrolysis with dilute sulphuric acid or 
oxalic acid, and by exposure to ultra-violet light (Heilbron and 
Wilson, J., 1912, 101, 1482; et seq.) were all fruitless. 

On the other hand, A*-trans-octahydronaphthyl-2-acetone (XXIII) 
was readily obtained either by direct synthesis or by treatment of 
the ketone, regenerated from the crude semicarbazone, with alumin- 
ium amalgam (Harries and Eschenbach, Ber., 1896, 29, 380; Abbott, 
Kon, and Satchell, J., 1928, 2514). 

A semicarbazone, m. p. 175°, obtained from the product of one 
of the Blaise-Maire reactions with the «B-acid chloride was thought to 
be derived from the «$-ketone (XXII), but the iodine addition and 
the physical properties of the regenerated ketone agreed with its 
By-structure. When, however, a ketone, regenerated from crude 
semicarbazone which had been exposed to ultra-violet light, was 
treated with aluminium amalgam, the product obtained gave the 
same semicarbazone, m. p. 175°, and an isomeride, m. p. 134°. 

The condensation of decalone with acetone under Wallach’s 
conditions (Annalen, 1912, 394, 362) gave a very poor yield of the 
unsaturated ketones (XXII, XXIII). The semicarbazone (m. p. 
96—98°) prepared from the product could not be resolved into its 
constituents and the ketone regenerated from it had the physical 
properties and iodine addition of the equilibrated ketone (see later). 
This is hardly surprising, since it was formed in the presence of a 
large excess of sodium ethoxide. The condensation by Grignard 
and Fluchaire’s method (Ann. Chim., 1928, 9, 5) did not yield any 
better results. 

An attempt to isolate the four stereoisomeric forms of the 


CH, CH, 
CH, —0OW 


(xxIV.) FAG aL = <cHk-00>° 
H, CH, 
dilrydroresorcinol ester (XXIV; R = CO,Et) resulting from the 
condensation of the ketones with ethyl sodiomalonate (Norris and 
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Thorpe, J., 1921, 119, 1199) was unsuccessful because the ester 
would not crystallise from any solvent; but only one form of 
the dihydroresorcinol derivative, trans-decahydronaphthalene-2- 
spirocyclohexane-2':6’-dione (XXIV; R=H), was obtained, as 
expected. 


Tautomerism of the Acids (VII, VIII, TX), Esters (X, XI, XII), and 
Ketones (XXII, XXIII). 


Acids.—A few experiments on the equilibration of the acids were 
carried out under Linstead’s conditions (loc. cit.), but comparative 
values for their mobilities could not be determined on account of the 
incomplete dissolution of their potassium salts. A lower concentra- 
tion of the catalyst (20°, KOH) was therefore used to arrive at an 
approximate estimate. How incomplete dissolution of the potas- 
sium salts affects mobility can be gathered from the following 
figures : 

Hours. Temp. % Change. Mobility 
50 100° 24 0-06* 
50 100 12 0-03 
48 b. p. 66 0-3 


* Half-change period 107 hours approx. 


In (1) and (3), the potassium salt dissolved completely at the 
stated temperatures, whereas in (2) some was left undissolved. 
In (3), the effect of temperature is also superimposed. 

The mobility of the «8-acid B (VIII) was not determined. As the 
tautomeric change was very slow under the standard conditions, the 
point of equilibrium was determined with boiling alkali and the same 
value, 12 + 1% of «$-acid, was arrived at from all the acids. 

No «f-acid B, but only the ®y-acid (IX) and the aB-acid A (VII) 
were isolated from the equilibration product of the acid B by the 
method of partial esterification (Thomas and Sudborough, J., 1911, 
99, 2307; Eccott and Linstead, J., 1929, 2153). No attempt was 
made to determine whether the geometrical inversion between the 
acids (VII and VIII) proceeds more rapidly than the tautomeric 
change (compare Linstead and Mann, J., 1931, 726). The formation 
of the acid A (VII) from the acid B (VIII) can take place (1) 
directly, (2) indirectly through the By-acid, or by both (1) and (2), 
«8-B —-> @y-acid, but it is certain that the change Py-acid —-> af- 


z6-A 
acid gives only the acid A (VII). 

Brief reference may be made here to the effect of ultra-violet light 
on these acids in chloroform solution. Although no Py-acid as such 
was isolated from the products, their iodine additions show definitely 
that tautomeric change, though extremely slow, does take place. 
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Esters.—The equilibration of the esters with sodium ethoxide 
(Kon and Linstead, Joc. cit.) presented some points of interest on 
account of the geometrical isomerism of the «$-esters (X, XI). 
Although the same equilibrium value is obtained for both esters, 
there is a marked difference in their rates of equilibration, as the 
following figures show (the By-ester being also included) : 


Mobility, Eqlm., 
Ester. 10° X(k,+,) min. ty. % By- 
ap-A 6-9 17-5 hrs. 60 
af-B 3. 9 Sit, 60 
By 6-2 20 4 60 


Nearly the same value (65% Sy) was obtained when the experi- 
ments were conducted at 100°, although a much shorter time was 
required. 

No formation of the ethoxy-ester (compare Kon and Linstead, 
loc. cit.) was observed in the present study, but there was consider- 
able hydrolysis in certain experiments. The composition (°% By-acid) 
of the acid product can always be determined iodometrically and it 
has been found that the rate of hydrolysis of the By-ester is much 
greater than that of the «8-ester (compare Kon and Linstead, loc. cit.) 
so that there is a drain of the former from the equilibrium mixture 
which causes a false increase in the «$-content. In some of these 
cases it is possible to estimate the point of equilibrium by taking 
into account the quantity and composition of the mixture of acids 
formed. Such an estimate is justifiable because it has been shown 
that the sodium salts of the unsaturated acids formed as the result 
of hydrolysis do not undergo interconversion under the conditions 
of the experiment (Linstead, J., 1929, 2498) and therefore quanti- 
tatively represent the esters from which they are derived. 

Thus, if some of the results in the present work are calculated in 
the light of these considerations, the apparent anomalies are seen to 
disappear and the following values are obtained : 

43 54% By 
Val. cale. j 62 GB ss 
Value at equilibrium 60% By. 


Ketones.—Prolonged treatment of the «$- and the fy-ketone 
(XXII, XXIIT) with sodium ethoxide seems to be accompanied by 
the addition of alcohol to the double bond, as the figures in the last 
column (p. 2137) show—a view confirmed also by the fall in the value 
of refraction with the seeming increase in «8 (?) content. But the 
equilibrium value and the mobility—35% ®y-ketone, 104(k, + &,) 
min.-! = 800, with a half-change period of 8 minutes—which are 
determined from the fy-side, can be regarded as trustworthy (Kon 





Eqim. 
Mobili 
Half-c 


Eqlm. 
Mobili 
Half-e 


Eqim. 
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and Linstead, loc. cit.), especially when the time of treatment with 
the reagent is only 30 minutes. 

An unusual result was obtained in attempting the equilibration of 
the ketone (regenerated from a eutectic mixture of semicarbazones, 
m. p. 96—98°) with sodium isopropoxide on the steam-bath. No 
ketonic fraction was obtained, but a considerable quantity of trans-8- 
decalol slowly separated from the distillate. A similar effect has 
been observed on pure trans-$-decalone itself in presence of dry 
sodium ethoxide, 28% of trans-8-decalol being isolated. 

These results are tabulated below; values for the corresponding 
monocyclic derivatives (CH,), >C°CHX are included for comparison. 


TABLE I. 


n= 5. 
trans-B- ——S 
O,Hy,>. 2 = 5. n= 4, n = 6, 2-Me. 3-Me. 4-Me. 


Eqlm. % af 24 8 28 § 11-5 * 9° 
Mobility “06 22 0-66 0-15 0-27 
Half-change (hbrs.) - 50 26 


Half-change (hrs.) 

X = COMe. 
Eqlm. % af t 60 * 0* 258 208 
Mobility f 700 i — _ 700 
Half-change (mins.) ............ ‘ 10 <2 — aap jon 


1 Linstead, J., 1927, 2579. ®? Kon and Linstead, loc. cit.; Kon, J., 1930, 1616. ® Goldberg and 
Linstead, J., 1928, 2343. ‘ Dickins, Hugh, and Kon, J., 1929, 572; Kon, loc. cit. * Kon and 
May, J., 1927, 1549; Hugh, Kon, and Mitchell, J., 1929, 1435.’ * Kon and Thakur, J., 1930, 2217. 
? Private communication from Dr. G. A. R. Kon, Dr. R. P. Linstead, and Mr. G. W. G. Maclennan. 

The considerable difference in the mobilities of the acids of the 
trans-8-decalin and the cyclohexane series can be understood when 
the general retarding effect of substitution in the latter (last three 
columns) and the sparing solubility of the potassium salts of the 
former are taken into consideration. The mobilities of the esters and 
ketones are of the same order; the equilibrium values also are in 
good agreement. These results, combined with those obtained from 
the study of «-substitution (see Part II; following paper), seem to 
show that so far as the tautomeric changes are concerned the 
trans-8-decalin ring simulates the cyclohexane ring and vice versa— 
a resemblance brought into greater relief on comparing these results 
with those for the other ring systems. 

It would be expected that the polar, conjugational, and steric 
factors (Linstead, J., 1929, 2498) would operate to the same extent in 
both the ring compounds; but the question of strain is less certain 
in view of the conflicting evidence for the configuration of the cyclo- 
hexane ring. 

However, general considerations lead to the view that the iso- 
meride associated with minimum strain should be favoured (Linstead, 
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loc. cit.), but as the behaviour of 3- and 4-membered rings, which are 
assumed to be strained, has not been investigated, much stress can- 
not be laid on this factor. 

From the present results, the utmost that can be inferred is that 
either the strain factor operates with equal force in both the cyclo- 
hexane and the frans-$-decalin ring or it plays no major part in 
determining the mobility and equilibrium in a tautomeric system, 
Whichever view be adopted, it would seem that the suggestion— 
that a ring tends to acquire a double bond in order to relieve its 
strain—tentatively made by Kon and Speight to explain certain 
anomalies (loc. cit.) may require revision. 


EXPERIMENTAL. 
(A) Acids. 

trans-8-Decalone (I) was prepared from trans-B-decalol (Rao, J., 1929, 
1961; Kandiah, J., 1931, 922), isolated (86% yield) by means of light petroleum 
(b. p. 40—60°), and regenerated from the bisulphite compound, which had been 
washed with Et,O to remove the unoxidised decalol (13%). The ketone had 
b. p. 127—128°/23 mm. (semicarbazone, m. p. 192—193°), d??" 0-97663, 
n2?" 1-4827, (R,]p 44-46 (cale., 44-11). 

Condensation of trans-B-Decalone with Ethyl Bromoacetate. Preparation of 
Ethyl 2-Hydroxy-trans-decalin-2-acetates (II, III).—The yield of hydroxy-ester 
obtained in the Reformatsky reaction (compare Rao, J., 1930, 1182) varied 
from 35 to 79% (67% on the average) according to the purity of the ethyl 
bromoacetate. The product, b. p. 140—150°/1 mm., gave two fractions, (1) 
d2® 1-01636, n” 1-4798, whence [R;]p 66-7 (cale., 65°73), (2) d? 1-0333, 
n2 1-47907, whence [R,]p 65-92, and left a residue. This was hydrolysed 
with cold 10% methyl-alecoholic NaOH, and the neutral part obtained as a 
solid which, after several crystns, from MeOH or light petroleum (b. p. 60— 
80°), gave A? ‘or )).trans-octahydronaphthyl-2-trans-B-decalone in colourless 
crystals, m. p. 125—126° (Found: C, 83-7; H, 10-4. C,.H,,O requires 
C, 83-8; H, 106%). The semicarbazone crystallised from C,H, in spindle- 
like clusters of needles, m. p. 209—210° (decomp.) (Found: C, 73-6; H, 9-7; 
N, 12-1. C,,H,,ON, requires C, 73-4; H, 9-7; N, 12-2%). The oxime had 
an indefinite m. p. and by crystn, from C,H, two fractions were obtained, 
m. p. 180—190° and 198—203° (decomp.) (Found: C, 79-7; H, 10-4. 
CypH;,ON requires C, 79-7; H, 10-3%). 

Hydrolysis of the Hydroxy-ester: 2-Hydroxy-trans-decalin-2-acetic Acids 
(IV, V, VI).—The hydroxy-ester was treated with cold 10% methyl-alcoholic 
NaOH for 24 hrs.; acidification then produced a hard solid (contrast Rao, 
loc, cit.). 

Acid A. The crude hydroxy-acid was thrice boiled with H,O and the 
first two filtrates were rejected. The third deposited crystals (recryst. from 
C,H,-petroleum, clusters of rectangular plates, m. p. 115—116°), which were 
removed while still warm; the mother-liquor, on cooling, deposited needles, 
m, p. 125—131°, which on further crystns. from C,H,—petroleum gave stellate 
clusters of prisms, m. p. 139—140° (Found: C, 67-7; H, 9-3. C,,H., 0; 
requires C, 67-9; H, 95%). When the crude hydroxy-acid was boiled three 
times with dil. EtOH, and the residual acid crystallised from C,H,, it melted 
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at 100—133°. On progressive crystn. from C,H,, gritty cubic crystals, m. p. 
140—141° after sintering, of the acid A (IV) were finally obtained. 

Acid B. After a few crystns. from C,H,, the 2-hydrowy-trans-decalin-2- 
acetic acid (V) had m. p. 116—118° (Rao gives m. p. 102°) (Found: C, 67°6; 
H, 9-4; equiv., by titration, 211-8. C,,H, 0, requires C, 67-9; H, 95%; 
equiv., 212-2). The same acid was obtained in the pure state by the hydro- 
lysis of the residue remaining after distillation of the hydroxy-ester. 

Acid C. The first C,H, mother-liquor obtained above was evaporated, 
and the residue crystallised twice from light petroleum (b. p. 40—60°). This 
gave the acid C (VI), m. p. 90—91° (Found: C, 67-6; H, 9-5%; equtiv., by 
titration, 212-6). This acid could also be obtained by refluxing the crude 
hydroxy-acid with light petroleum (b. p. 40—60°) and cooling the filtrate in 
ice. The residue, on evaporation of the solvent from the mother-liquor, 
crystallised from petroleum (b. p. 60—80°) in stellate clusters of prisms, m. p. 
88°. 

Dehydration of the Hydroxy-acid : trans- Decahijdronaphthylidene-2-acetic Acids 
(VII, VIEI).—The crude hydroxy-acid (60 g.) was boiléd under reflux with 
Ac,O (80 c.c.) for 24 hrs., and the unsaturated acids were isolated by Rao’s 
procedure (loc. cit.). The yield was very good but the solid acid was accom- 
panied by varying amounts of a viscous liquid. 

Partial esterification. The crude acid (315 g.), N-ale. HCl (250 c.c.), and abs. 
EtOH (625 c.c.) were left together at room temp. for 46 hrs. in order to ensute 
that all the By-acid was esterified. 195 G. of solid acid were recovered and the 
ester (107 g., b. p. 127—143°/1 mm.) gave on fractionation the By-ester (82 g., 
b. p. 121°/1 mm.), a mixture of the af- and the Py-ester (10 g.), and a mixture 
probably of the af- and the hydroxy-esters (15 g., b. p. 133°/1 mm.). 

af-Acid A. The sparingly sol. acid A (VII) (m. p. 135°) separated on 
erystn. of the above unesterified acid from n-hexane-light petroleum (b. p. 
40—60°). Recryst. from light petroleum (b. p. 60—80°), it gave colourless 
néédles, m. p. 143° (Rao, m. p. 145°). It had an iodine addition of 04% 
(10 mins.). 

The dibromide (XVI) was prepared from the af-acid (3-5 g.) and Br (3 g.) 
indry CHCl,. After 24 hrs., the solvent was removed under reduced pressure, 
and the residual solid boiled with a little light petroleum (b. p. 60—80°) and 
erystallised from C,H,; small stout rhombic crystals, m. p. 155° (Rao gives 
m. p. 170°) (Found: C, 40-7; H, 5-1. C,,H,,0,Br, requires C, 407; 
H, 51%). The determination of the equivalents of this and other dibromo- 
acids with Ba(OH), was not successful. 

The amide (XIII) was prepared by passing dry NH, into an ethereal solution 
of the undistilled af-acid chloride—formed from 1 g. of the af-acid and 0-6 
et. of thionyl chloride, the excess of the latter being removed under reduced 
pressiire below 40°—cooled in ice. After filtration and washing with hot 
H,0, it had m. p. 180—184° and crystallised from C,H, in plates, m. p. 
187—188° (with previous shrinking) (Found: C, 74:5; H, 9-8. C,,H,,ON 
requires C, 74-6; H, 9-9%). It depressed the m. p. of thé Py-amide (KV) 
considerably. When the distilled af-acid chloride was used in the préparation, 
the amide obtained melted at 142—143° after crystn. from C,H, and four 
further erystns. were necéssary to get the substance of m. p. 185—186°. 

aB-Acid B (VIII). On concentration of the hexane—petroleum mother- 
liquor, a colourless acid, m. p. 85°, separated; m. p. 95—96° after further 
crystn. from hexane (Found: C, 74:1; H, 9-1; equiv., by titration, 193-9. 

322 
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C,,H,,0, requires C, 74-2; H, 93%; equiv., 194-2). It had an iodine addition 
of 0%. It was very soluble in light petroleum (b. p. 60—80°) and slowly 
crystallised from it in clusters of radiating prisms. 

The ester (XI), obtained through the Ag salt, was treated with ozonised oxygen 
in CHCl, at 0°. trans-B-Decalone (b. p. 113—114°/13 mm.) was isolated by 
steam-distillation and extraction with Et,O and identified by its characteristic 
smell and semicarbazone (m. p. and mixed m. p. 192—193°). 

The dibromide (XIII) was prepared from the af-acid B (3 g., m. p. 80°) as 
deseribed on p. 2129. The sticky mass left after removal of the solvent was 
boiled with petroleum (b. p. 60—80°); the undissolved solid crystallised from 
C,H,-petroleum (b. p. 60—80°) in needles, m. p. 143—-144° (Found: C, 40-9; 
H, 5-1. C,,H,,0,Br, requires C, 40-7; H, 5-1%). It depressed the m. p. 
(155°) of the dibromide A to 135° (decomp.). 

An ethereal solution of the amide (XIV), prepared from the undistilled acid 
chloride of (VIII) as described on p. 2129, was filtered; the bulk of the solid 
compound, after being washed with hot H,O, melted at 146—165°. On 
crystn. from C,H,, a small amount of sparingly soluble, silky plates, m. p. 
187—188°, was obtained; the filtrate on evaporation left a residue, m. p. 
145—147° after recrystn. from C,H, (Found: C, 74:7; H, 9-9. C,,H,,ON 
requires C, 74-6; H, 9:9%). The ethereal solution contained a solid which 
crystallised from C,H, in plates, m. p. 145—147°. When the amide was 
formed from distilled acid chloride, it melted at 134—135° after crystallising 
from C,H,. After several crystns., some af-amide (XIII), m. p. 185—186°, 
was isolated, the rest being a very low-melting mixture. 

In the dehydration experiments, if the Ac,O was removed in a vac. at 
50—60° without addition of H,O so that the operation took 8 hrs., the yield 
of the acid product was considerably reduced. After treatment of the neutral 
oil with hot alkali for a long time, no appreciable quantity of acid was obtained 
on acidification. This neutral portion, on distillation under reduced pressure, 
gave a few drops of Ac,O and then a thick liquid which partly solidified ; 
after filtration, a colourless solid, m. p. 99° after crystn. from petroleum (b. p. 
60—80°), was obtained and identified as the By-acid (IX). After the oily 
filtrate had been heated with dil. Na,CO, aq. for some hrs., the alkaline liquid 
gave the fy-acid, m. p. 99°, on acidification. The residual neutral oil had a 
turpentine-like odour and boiled at 81—83°/9 mm. It was redistilled and 
then had d}*° 0-8928, n\* 1-4870, whence [R,]) 48°37 (calc., 48°13). It gave 
trans-B-decalone on oxidation with 3% KMnO, aq. and was 2-methylene- 
trans-decalin (XIX) (Found: C, 87:7; H, 11-9. C,,H,, requires C, 87-9; 
H, 121%). 

A current of NOCI was passed into a CHCl, solution of the hydrocarbon at 0°. 
The nitrosochloride, obtained as a thick green liquid by evapn. of the solvent 
in vac., was heated with an alc. solution of piperidine for some mins. on the 
steam-bath. On cooling and partial evaporation of the solvent, colourless 
crystals separated; these were washed with ice-cold MeOH and fractionally 
crystallised from this solvent. The sparingly sol. nitrolpiperidide A (XX) 
formed rhombic silky plates, m. p. 197—198° (decomp.), from CHCl,—Me,CO 
(Found: C, 72-5; H, 10-6. C,,H,,ON, requires C, 72-7; H, 10-7%). The 
more sol. nitrolpiperidide B (XXI) formed very minute, gritty, prismatic 
crystals, m. p. 153—154° (Found: C, 72:7; H, 10-6%). Mixed m. p. of the 
two, 145—180°. 

The af-acid (8 g.) was heated with pyridine (3 g.) and Ac,O (3 g.) on the 
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steam-bath and then at 130° for a few hrs. The product, after remoVal of 
pyridine by washing, was treated with hot alkali, which extracted very little 
acid. The neutral portion distilled (b. p. 186°/11 mm.) to a viscous liquid, 
which solidified and was crystallised from petroleum (b. p. 60—80°) and 
identified as the By-acid. 

Dehydration of the Hydroxy-ester.—(i) With phosphorus oxychloride. The 
hydroxy-ester (160 g.), POCI, (60 g.), and C,H, (450 c.c.) were refluxed for 
some hrs. The unsaturated ester (128 g.; 81% yield) had b. p. 149—152°/ 
8 mm., d2?*’ 0-9964, n?® 1-4862, [R;]p 64-04 (calc., 63-82), and J 46-7% (10 
mins.) and 59:4% (30 mins.). (ii) With thionyl chloride (Darzens, Compt. 
rend., 1911, 152, 1601). To asolution of the hydroxy-ester (190 g.) in pyridine 
(125 g.), cooled in ice, were added thionyl] chloride (100 g.), drop by drop, and 
then, after 3 hrs., ice and H,O. The whole was heated on the steam-bath, 
and the ethereal solution washed with dil. HCl aq., very dil. NaOH aq., and 
H,O and dried. The ester (168 g.; 95% yield) boiled at 158—162°/12 mm. 

Each of the above esters on hydrolysis with cold 10% aq.-alc. NaOH yielded 
a solid acid with adhering liquid. The Py-acid (purified by partial esterific- 
ation) crystallised from light petroleum (b. p. 60—80°) in colourless rhombic 
plates, m. p. 99—100° (Rao gives 100—101°), and J 75%. Its dibromide, 
eryst. from C,H,—petroleum (b. p. 60—80°), had m. p. 181° (Rao, m. p. 183°). 
The amide, prepared from the distilled acid chloride and NH; in cooled Et,O0 
was not very sol. in C,H,, CHCl,, AcOEt, or Me,CO and crystallised from C,H, 
in feathery crystals and from Me,CO in radiating rectangular prisms, m. p. 
181—182° (Found: C, 74:3; H, 9-7. C,,H,,ON requires C, 74-6; H, 9-9%). 

Oxidation. The pure By-ester (10 g.) was ozonised in CHCl, at 0°, and the 
product decomposed and steam-distilled. The distillate, extracted in Et,O, 
had a pleasant odour and gave a red coloration with FeCl, and a violet color- 
ation with Schiff’s reagent. The non-volatile residue was treated with alkali, 
and the neutral portion extracted with Et,0. The acid obtained from the 
alkaline liquid was extracted with much Et,O, leaving a viscous liquid which 
partly solidified. After filtration the colourless crystalline solid was identified 
as trans-cyclohexane-| : 2-diacetic acid: the liquid portion (which gave only 
a very small quantity of a semicarbazone, m. p. 195°, after a long time) was 
oxidised with cold 3% KMn0O, aq. to the same acid, m. p. (after. crystn. from 
very dil. EtOH or H,O) and mixed m. p. 167°. This acid could be obtained 
more readily by oxidising the liquid acid with hot dil. HNO,. The liquid 
portion, from the above acid, gave a good amount of the semicarbazone of 
trans-cyclohexane-2-acetone-l-acetic acid, very small, rhombic plates, m. p. 
195—196° (decomp.), from much abs. EtOH, sparingly sol. in C,H, and CHCl, 
(Found: C, 56-3; H, 82; N, 15-7, 16-1.* C,,H,,0,;N, requires C, 56-5; 
H, 8-2; N, 16-5%). 

In another ozonisation experiment the acid from the alkaline layer gave 
trans-cyclohexane-1 : 2-diacetic acid without further oxidation, and the filtrate 
readily yielded a semicarbazone, m. p. 164°, of trans-cyclohexane-2-y-carb- 
ethoxyacetone-l-acetic acid (Found: C, 55-0, 54-8 *; H, 7-9, 7-8 *; N, 12-9, 
13-0.* C,,H,,0,N, requires C, 55-0; H, 7-7; N, 129%). Unlike the semi- 
carbazone, m. p. 196°, it did not dissolve even in hot EtOH, H,0, or other 
solvents. 

Iodine Additions, J.—To overcome the difficulty of dissolving the af-acid 





* Analyses marked * were made by Dr. Ing. A. Schoeller. 
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(M/300) in sat. NaHCO, aq. (50 c.c.) and that arising from the separation of 
the sodium salts therefrom on cooling, 5 c.c. of 10% Na,CO, aq. were used to 
dissolve the acids (M /300) and the solution was made up with H,O. Variation 
in the amount of the alkaline solution did not affect the results, the iodine 
additions of the af- and the fy-acid being respectively identical when either 
5 c.c. or 10 c.c. of the Na,CO, solution were used to dissolve the acids (M/300). 
In the whole course of the work, however, 5 c.c. of the 10% solution was adopted 
as standard. 

As the values of J for the By-acid were found to vary with temp. and other 
experimental conditions, the iodometric analyses were carried out in a dark 
room at approx. constant temp. In order to avoid the ‘‘ back reaction ”’ after 
the addition of H,O, the whole was shaken with 20 c.c. of CHCl,, then acidified 
with 10% HCl aq. (10 c.c.), and titrated with Na,S,O, (Linstead and May, 
J., 1927, 2565). 


Reference curve. 
Mixture (%aBA) ... 0 10 25 50 60 é f 100 
J,% 74:1 693 61:1 43-4 35-6 ‘ . 0-5 
Test mixtures 40% af: Found, 51-3; calc., 51. 
20% aB: Found, 63-7; calc., 63-9. 
Mixture (% af B) 0 10 15 100 
J, % 74:3 68:9 67:8 63-9 0 


Equilibrations. The results of equilibrating the af- and the By-acid with 
KOH aq. are in Table II. The molecular weights (M) of the products were 
determined by titration with N/10-baryta. 


TABLE II. 


Acid. KOH, %. Temp. Time, hrs. 
aB A T{[10] x 25 100° 50 
‘ Ho} x 20 - 50 
120 
200 
* 340 
[10] x 25 »?p- 48 
» 72 
[10] x 20 =~ 168 
[15] x 20 - 264 
’* %* 168 
[10] x 26 100 48 pate 
[10] x 20 B. p. 168 193-8 
[15] x 20 168 — 
ss 264 194 
[20] x 25 72 194-4 68°3 
* These results were obtained, as a check, by determining the composition 
of a mixture (50: 50) of the equilibrated acid and the pure af-acid (compare 
Kon and Thakur, loc. cit.). 
+ The figures in brackets show how many multiples were taken of the theo. 
quantity of KOH aq. required to neutralise the acid used in the expt. 
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The value of the equilibrium point is thus 12 + 1% a8 (compare Rao, loc. 
cit.); that of the mobility is given on p. 2125. 

Partial Esterification of the Equilibrated aB-Acid B.—The acid (3-75 g.) was 
partially esterified for 14 hrs. The unesterified acid (0-63 g.; 17%) was 
crystallised from light petroleum (b. p. 60—80°), in which it was less sol. than 
either the By-acid or the af-acid B; m. p. and mixed m. p. with af-acid A, 
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140—142°. The ester (b. p. 146°/6 mm., n}# 1-48327) on hydrolysis gave an 
acid (1-77 g.; 72%) which was identified as the By-acid, m. p. and mixed m. p. 
98°. 

Action of Ultra-violet Light.—(i) A CHCI, solution of the af-acid A (2 g.) was 
exposed to the light for 10 days. The resulting acid had J 13-5%, correspond- 
ing to 14% By-acid, but attempts to isolate the latter by fractional crystallis- 
ation failed, the original acid, m. p. 139—141°, being obtained. 

(ii) The af-acid B (4 g.) when similarly treated for 250 hrs. had an iodine 
addition of 15-8%, corresponding to 17% fy-acid. When crystallised from 
petroleum (b. p. 60—80°), it gave one large tuft of crystals, m. p. 135—142°, 
on long standing. The acid from the hydrolysis of the ester obtained by 
partial esterification did not solidify even after a long time. 


(B) Esters. 


Esterification of the aB-Acid A (VII). Ethyl trans-Decahydronaphthylidene-2- 
acetate A (X).—(i) Through the silver salt. The acid dissolved with difficulty 
in hot dil. NH, aq. The ester was washed once with very dil. NaOH aq. to 
remove any af-acid; otherwise this acid distilled with the ester and separated 
in a eryst. form. The ester had b. p. 160°/7 mm.; d2” 0-99883, nj" 1-49983, 
whence [R;,]p 65-4 (calc., 63-82); J 1-3% (30 mins.) and 2-3% (60 mins.) 
(Found: C, 75-3; H, 9-9. C,,H,.O requires C, 75-6; H, 10-0%). 

(ii) By alcoholic hydrogen chloride (Kon and Linstead, loc. cit.). The af- 
acid (12 g., m. p. 140°), abs. EtOH (25 c.c.), and N-ale. HCl (15 c.c.) were 
heated together on the steam-bath for 3 hrs. and left over-night at room temp. ; 
about 1 g. of the acid was recovered. The ester (11-5 g.) had b. p. 167°/13 mm., 
ds 0-9988, n7” 1-49944 (whence [R,], 65-36), and J 3-3% (60 mins.). 

Esterification of the aB-Acid B (VII1).—({i) Through the silver salt. The acid 
dissolved readily in dil. NH, aq. Ethyl trans-decahydronaphthylidene-2- 
acetate B (X1) was distilled without preliminary washing with aq. alkali and 
had b. p. 160°/9 mm.; d%" 0-99874, n?;” 1.49964, whence [R,]p 65-39 (calc., 
63-82); J 1-3% (10 mins.) and 1-9% (30 mins.) (Found: C, 75-3; H, 98%). 

(ii) By alcoholic hydrogen chloride. This was done as in the case of the 
aB-acid A, and the ester obtained had J 3-2% (60 mins.). 

The acid obtained on hydrolysis of the above ester (2 g.) was a viscous mass, 
which solidified and then crystallised from light petroleum (b. p. 60—80°) 
in prismatic needles, m. p. 95—96° (depression with the Py-acid, m. p. 99°). 

Esterification of the By-Acid (IX).—(i) Through the silver salt. The acid 
dissolved readily in dil. NH, aq. Ethyl A?-trans-octahydronaphthalene-2- 
acetate (XII; formula as IX) had b. p. 153—154°/9 mm.; di?” 0-99346, nj)” 
1-48365, whence [R,]p 63-94 (calc., 63-82); J 66-3% (30 mins.) and 76-5% 
(60 mins.) (Found: C, 75-4; H, 9-8%). 

(ii) By alcoholic hydrogen chloride. The By-acid was left with ale. HCl for 
10 hrs. at room temp., the quantities used for partial esterifications (Kon 
and Thakur, loc. cit.) being taken. The ester had b. p. 164—165°/18 mm., 
di?’ 0-99344, n?” 1-48337 (whence [R,], 63-91), and J 76-4% (60 mins.). 

Reference curve. The values of J refer to the % iodine additions in 60 mins. 
under the conditions of Linstead and May (loc. cit.). 


10 20 40 50 60 80 90 100 
72°38 676 55:5 47:9 39-8 22 12 2-3 


The af-ester A was used in the above mixtures. The values obtained by 
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using the af-ester B were the same and are not recorded. Hence‘the same 
reference curve served for the two isomerides. 

Action of Sodium Ethoxide on the Esters.—Abs. EtOH dried over Ca was 
used. The esters were treated with NaOEt under Kon and Linstead’s standard 
conditions (unless otherwise stated). The method of isolating the ester was 
the same as Kon and Linstead’s (loc. cit., p. 1278) except that the NaOEt 
solution of the ester was pipetted into H,O instead of into N/2-H,SO, (3 v. 
c.c.); consequently, it was not necessary to wash with alkali and the aqueous 
layer gave the acid on acidification. For the iodometric analysis, the latter 
was purified by means of Na,CO, aq. 

The b. p.’s of the equilibrated esters never exceeded that of the pure af-ester 
and no direct evidence of the formation of ethoxy-ester to any appreciable 
extent was obtained. From the various experiments, the residues left after 


Taste III. 
Acid Product. Unsaturated Ester. 


ee” ——— ——— 
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Time, %Re- Comp., % Re- 
hrs. covered. % Py. covered. d‘.. n*. 
6 0-9965/20° 1-4961 
15 6-9965/20  1-4923 
25 | 0-9961/20-1 1-4904 
39 | $8  0-9968/20-2 1-4892 
50 0-9961/20-3 1-4886 
62 0-9961/19-9 1-4885 
15 0-9952/20-5 1-4881 
120 0-9954/20-1 1-4881 
240 / 82 0-9955/20 1-4880 
360 J 0-9953/20 11-4880 
i 59 0-9954/20 1-4876 
252 6 ii 0-9961/20 11-4879 
337 89 37 «9955/20 11-4880 
164 89-5 ) 0:9945 1-4897 
5 86-5 0-9947/20  1-4868 
27 ; -  0-9945/20 11-4868 
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° 
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12 0-9974/20-2 1-4947 
38 0-9971/20-2 1-4899 
60 ' 0-9957/20 11-4897 
90 0-9948/20 11-4887 
75 0-9965/20 11-4890 
120 0-9954/20-2 1-4885 
360 9-5 0-9951/20 1-4880 


12 0-9938/20 11-4852 
24 79  0-9942/20-1 1-4859 
50 80  0-995/19-8 1-4875 
15 2 83 0-9947/20 11-4875 
90 82  0:9956/20 1-4879 
120 4 85  0-9954/20 1-4879 
240 6 80  0-9955/20-1 1-4881 
360 8 85  0-9955/20 11-4880 
100 - 12: 89-5 78  0-9952/ 1-4888 
360 35 89 56 0-9955/20 11-4887 
120 7: 85  09954/20 1-4880 


* Calc. value of equilibrium, taking the acid product into consideration. 
t+ An excess of 2N-NaOEt was used. 
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distillation of the esters were accumulated and distilled; the product had dj.” 
0-9976, nj} 1-48927, and J 28-2%, corresponding to 73% af (Found: C, 75-4; 
H, 10-1. C,,H,,0, requires C, 75-6; H,9-9%. The ethoxy-ester, C,,H,,O,;, 
requires C, 71-7; H, 10-5%). 

The results of equilibrations of the af-ester A are in Table III (top portion). 

In Expts. 11—15 a large excess of N-NaOEt was used. Expts. 14—15 
were carried out on the steam-bath, the af-ester (164 hrs.) and Py-ester (100 
hrs.) being used in (15). In Expt. 11, the ester was collected in two fractions. 

The value of the mobility 10* x (k, + k,) for this ester is 6-9, and the 
half-change period, 17-5 hrs., from the mobility curve is in close agreement with 
the cale. value for t,,.._ For the af-ester (252 hrs. i) (Found: C, 75-3; H, 9-7. 
C,,H,,0, requires C, 75-6; H, 9-9%). ® 

Table IIT (middle portion) summarises the results of experiments on the 
af-ester B. 

The amount of hydrolysis was very small, considering that only 1-9 g. of 
acid (5-3%) were collected from all the experiments (41-5 g. of ester). The 
mobility calculated from these figures is 3-9, whereas the half-change period 
from the mobility curve, as well as that calculated, is about 27 hrs. 

The results of equilibrations of the By-ester are in Table III (bottom 
portion). 

In Expt. 11 a mixture of 50-4% of the af- and 49-6% of the By-ester was 
used with excess of N-NaOEt. The mobility calculated from these figures is 
6 and the half-change period from the mobility curve is 20 hrs., whereas from the 
expression t = i, - k, log,2 it is 20-2 hrs. (Found for the equilibrated ester 
in Expt. 10: C, 75-6; H,9-7. C,,H,.O, requires C, 75-6; H, 9-9%). 

The value of equilibrium from all the esters may be taken as 40% af (see 
Table ITT). 


(C) Ketones. 


Semicarbazone of trans-Decahydronaphthylidene-2-acetone.—(i) From the 
aB-acid, m. p. 143°. The acid (20 g.) was converted by thionyl chloride (10 
c.c.) into the acid chloride (21 g., b. p. 154—155°/8 mm.), which was mixed 
with ZnMelI in toluene in a freezing mixture (Blaise and Maire, Ann, Chim. 
Phys., 1908, 15, 556; Dickins, Hugh, and Kon, J., 1928, 1630). In these 
reactions it is preferable to wash the ether—-toluene extract with very dil. 
NaOH aq. to remove all the af-acid, since this is only partly eliminated when 
Na,CO, aq. is used (compare Eccott and Linstead, loc. cit.; Wechsler, 
Monatsh., 1893, 14, 462). The semicarbazone prepared from the ketonic 
distillate (17 g., b. p. 146—148°/11 mm.) was washed with light petroleum 
and H,O and crystallised from C,H, and Me,CO; prismatic needles, m. p. 
186° (Found: C, 67-1; H, 9-2. C,,H,,ON, requires C, 67-4; H, 9-3%). 

A small amount of a very sparingly, sol. semicarbazone was also obtained, 
m. p. 199° after erystn. from toluene. Mixed m. p. of the two semicarbazones, 
187—192°. 

The alkaline washing in the above reaction yielded a mixture of af (m. p. 
140°) and Py (95—96°) acids. That part of the distillate which did not react 
with semricarbazide acetate gave on hydrolysis the acid (m, p. 142—143°) 
and therefore consisted of the af-ester (compare Kon and Narayanan, loc. cit.). 

In some of the experiments, the semicarbazone came down as & caseous mass, 
very sol. in Et,0, MeOH, Me,CO, and CHCI,, but insol. in light petroleum. 
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It melted at 96—98° after crystallising from C,H,—petroleum (b. p. 60—80°) 
(Found: C, 67-0; H, 94%), but at 88—90° when light petroleum alone was 
used. Even those semicarbazones which had such an indefinite m. p. as 
80—150° showed a tendency to form a low-melting eutectic mixture and on 
crystn. from C,H,—petroleum yielded clusters, m. p. 80—85°. 

(ii) From the aB-acid B. The acid chloride (20 g. from 20 g. of the acid, 
m. p. 85°) was a colourless mobile liquid, b. p. 152—154°/6—7 mm. This 
(17 g.) gave an 85% yield of a ketonic fraction, b. p. 143—145°/10 mm., with 
ZnMelI. The semicarbazone crystallised from C,H, in fine needles, m. p. 
186—187°, and from MeOH in rhombic plates. It did not depress the m. p. 
of the other semicarbazone (186—187°) from (i). The pure semicarbazone, 
unlike the low-melting eutectics, is sparingly sol. in all solvents. 

In another experiment, however, the crude ketone gave a colourless crystal- 
line semicarbazone, m. p. 131—133° without any purification. After crystn. 
from C,H, it melted at 134—136° and was identified as the semicarbazone of 
A*-trans-octahydronaphthyl-2-acetone. 

(iii) From the hydroxy-acid, m. p. 116—118° (compare Kon and Narayanan, 
J., 1927, 1546). The hydroxy-acid (20 g.) on treatment with thionyl chloride 
(20 c.c.) gave an acid chloride (10 g., b. p. 150—154°/9 mm.). The ketone 
(5 g., b. p. 152°/17 mm.) gave a semicarbazone which after several crystns. 
from C,H,-light petroleum melted at 185—186° and was identical with that 
obtained from the af-acids A and B. The more soluble fraction, to which 
the crude semicarbazone owed its indefinite m. p., was the By-semicarbazone. 
The acid, m. p. 94—95°, recovered from the alkaline washing was the 
By-acid. 

The same intractable mixture of semicarbazones was obtained when MgMel 
or ZnMe, was used instead of ZnMelI in the synthesis of the af-ketone from 
the af-acid chlorides A and B. 

Semicarbazone of A*-trans-Octahydronaphthyl-2-acetone.—The By-acid (m. p. 
97°) (20 g.) and thionyl chloride (10 c.c.) yielded a colourless acid chloride 
(19 g., b. p. 145—146°/11 mm.). The ketone (12 g., b. p. 143—145°/10 mm.) 
prepared from it by the Blaise—Maire reaction gave a semicarbazone, needles 
or very thin plates, m. p. 135°, from C,H,-light petroleum (b. p. 60—80°) 
(Found: C, 67-5; H, 9-2. C,,H,,ON, requires C, 67-4; H, 9-3%). The 
By-acid, m. p. 96—97°, was obtained from the alkaline washing. 

Preparation of trans-Decahydronaphthylidene-2-acetone from its Semicarb- 
azone.—The semicarbazone was shaken with N/2-H,SO, and petroleum for 
69 hrs. (Kon, loc. cit.): only a small quantity of ketone was formed. The 
residue after removal of the petroleum was therefore steam-distilled with a 
large excess of oxalic acid. The ketone was extracted with Et,0, washed with 
H,0, 10% Na,CO, aq., and again with H,O and distilled. It had b. p. 149— 
150°/15 mm.; d%* 0-9734, n®* 1-5068, whence [R,]p 58-6 (cale., 57-38); 
J 25-1% (10 mins.) (Found: C, 81-0¢ H, 10-4. C,,H,,O requires C, 81-2; 
H, 10-5%). On oxidation with cold 3% KMn0O, aq. in NaHCO, suspension 
it yielded decalone, identified by its characteristic odour and its semicarbazone 
(m. p. and mixed m. p. 193°). 

Preparation of A*-trans-Octahydronaphthyl -2-acetone.—Kon'’s method 
proving extremely slow, the semicarbazone was hydrolysed with oxalic acid 
as described above (Found: C, 80-9; H, 10-3. C,,H,,O requires C, 81-2; 
H,10-5%). The various preparations of the Py-ketone from the semicarbazones 
had the following physical properties : 
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Semicarbazone from: B. p. diy. nb. 38). J, %. 


eT with Al-Hg; 

m. p. 129° 146°/15 mm. 0-9666/20-3° 1-4939 657- 82 
By- -acid; m. p. 128—129 145-146) 15 0-9678/20-3 1-4939 57- 82 
aB- acid B; m. p. 130. 145/15 0°9675/20-3 1-4950 . 81 
By-acid ; m. p. 130 130/9 0-9668/20-1 1-4937 , 81-1 
af-acid; m. p. 175 /$ 0-9646/20-8 1:4940 658: 84-8 


From the first, fourth, and fifth preparations the ketone was isolated by 
steam distillation only. 


fern curve. 

% 0 10 25 40 50 60 75 90 100 
J,% Pas mins.) 82:3 79:4 74:2 67-3 61-6 550 445 33-5 25-1 
Equilibration with Sodium isoPropoxide.—The ketone (5 g.; regenerated 

by Kon’s method from the semicarbazone, m. p. 85—130°, and having b. p. 

135—139°/9 mm., d;?*" 0-9672, n?"” 1-4963, J 73-7%) was heated with sodium 

isopropoxide (50 c.c. of dry ple Me’ alcohol and 0-8 g. of Na) on the steam- 
bath for 3 and for 6 hrs. The two samples boiled at nearly the same temp,, 
106—120°/9 mm., giving poor yields of distillate, and considerable 
residues were left in the distilling flasks. The distillate was a thick colourless 
liquid with the odour of trans-B-decalol; it gave no semicarbazone and after 

a long time deposited crystals, m. p. 75—76°, of trans-8-decalol, 

The following experiments (Table IV) were carried out under Kon and 
Linstead’s conditions to determine the mobility and the position of equili- 
brium. 

TABLE IV. 
Comp., 

Expt. Ketone. Time. B. p. d‘. ni. %: % ap. 

By 5 mins. 144—146°/15 0-9668/20-7° 1-4945 13-5 

» 10 ,, 144—146/15 0-9666/20-8 1-4953 . 19-5 
» 20 , 144—146/15 0-9662/21 1-4962 27:5 

30s, ” 0-9666/21-1 1-4965 ° 34°5 

40 - 0-9666/21-2 1-4966 , 34-5 

60 146—147/15 0-9686 1-4975 “4 35-5 
140—141/10 0-9689/20-1 1-4971 ’ 33°5 
146—147/15 0-9684 1-4974 ‘ 39 
139/10 0-9682/20 11-4961 65-2 44 
149—151/14 0-9646/20 1:4959 63-7 46°5 

— 148—149/16 0-9659/20-2 1-4958 65 44 

af i 144—147/15 0-9700/20-3 1-4957 61 50°5 


NK OC SAO wWloE 
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In Expts. 1—9, pure fy-ketone was used, In Expt. 7, the ketone was 
regenerated from the semicarbazone, m. p. 175°. In Expt. 10, the ketone 
recovered from Expts. 7 and 9 was used. In Expt. 11, the ketone recovered 
from Expts. 1—3 was used. In Expts. 6—12, a large excess of approx. 
N-NaOEt was used. 

The accumulated residues from the distillations in some of the above 
experiments heel the following physical properties: b. p. 148—152°/15 mm., 
d=” 0-9685, n®* 1-4948, J 63% corresponding to 47-5% af. The low value for 
the selvantion.. is noteworthy. An attempt to isolate ethoxy-semicarbazone 
from the equilibrated af-ketone was unsuccessful on account of the difficulty 
of inducing the resulting semicarbazone to crystallise. The Py-ketone, equi- 
librated for 1 hr., was analysed (Found : C, 80:8; H, 10-35. C,,;H, O requires 
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C, 81-2; H, 105%. The ethoxy-ketone, C,,;H,,0,, requires C, 75-6; H 
10-9%). 

The equilibrium value is 35% a8 and the mobility is of the order 800. The 
half-change period calc. from the usual expression is 8-2 mins., which is in 
close agreement with that found from the mobility curve, viz., 3 mins. 

Condensation with Ethyl Sodiomalonate.—The ketone (9-6 g., recovered from 
the equilibrations) was heated with ethyl malonate (8 g.) and Na (1-2 g.) in 
32 c.c. of EtOH for 8 hrs. on the steam-bath (Norris and Thorpe, loc. cit.), 
The uncondensed ketone and ester were removed and the dihydroresorcinol 
ester was obtained as a semi-solid on acidification of the alkaline layer. It 
solidified in vac. with considerable frothing, but became semi-solid again on 
exposure to the air. In this respect it offered a remarkable contrast to the 
corresponding compound of cyclohexane, which was a viscous gum in vec. but 
solidified on exposure to the air (Norris and Thorpe, loc. cit.). All attempts to 
erystallise it were fruitless. On hydrolysis with 20% KOH aq. for 2 hrs. on 
the steam-bath and acidification with HCl aq. a cryst. solid was obtained. 
This was sparingly sol. in petroleum (b. p. 60—80°) but crystallised from 
AcOEt-petroleum (in rhombic plates), C,H,—petroleum, or CHCl,.  trans- 
Decalin-2-spirocyclohexane-2’ : 6’-dione decomposed at 185° to a yellow opaque 
mass, clearing at 186° to a red liquid (Found: C, 76-5; H, 9-2. C,,H,,0, 
requires C, 76-8; H, 9-5%). 

Condensation of trans-B-Decalone with Acetone.—A mixture of decalone 
(38 g.) and dry Me,CO (15 g.) having been added portionwise to 400 c.c. of 
NaOEt solution (containing 5% Na) cooled in ice (Wallach, loc. cit.), the whole 
was left at 0° for some hrs. and then at room temp. for 4 days. Much H,0 
was added and after ether extraction the residue was submitted to steam- 
distillation, 2 1. of distillate being collected : from this Et,O extracted decalone 
(10 g.), b. p. 124—128°/14 mm., and the condensation product, b. p. 110— 
120°/1 mm. The required ketone being only slightly volatile in steam, the 
remainder of the residue was distilled, giving (i) a ketonic liquid (5 g.), b. p. 
116—125°/1 mm., (ii) a fraction (3 g.), b. p. 160°/1 mm., which did not yield 
a semicarbazone, and (iii) undistilled part (15 g.). Both the ketonic fractions 
gave a semicarbazone, m. p. 96—98° after crystn. from petroleum (b. p. 60— 
80°) (Found: C, 67-0; H, 9-3. C,¢H,,ON, requires C, 67-4; H, 9-3%). 
The ketone regenerated by steam-distillation with oxalic acid had b. p. 141°/ 
13mm.; d? 0-9693, n®” 1-49405, whence [Rp 57°71 (calc., 57-38); J 708%, 
corresponding to 67-5% of By-ketone, i.e., roughly the equilibrium mixture 
(Found: C, 80:9; H, 10-3. C,,;H., 0 requires C, 81-2; H, 10-5%). 

trans-B-Decalone (15-6 c.c.) and dry Me,CO (6-4 c.c.) were refluxed on the 
steam-bath with magnesium butoxide for 24 hrs. (Grignard and Fluchaire, 
loc. cit.). The product was diluted with H,O, extracted in Et,O, and washed 
with dil. HCl aq. and H,O. On distillation, decalone was recovered and a 
ketone (3 g., b. p. 140—150°/13 mm.) was obtained which gave an intractable 
semicarbazone. 


’ 
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298. Three-carbon Tautomerism in Dicyclic Systems. 
Part II. The Effect of an a-Methyl Group on 
Tautomerism in trans-B-Decalin Compounds. 


By R. 8. THaxkur. 


THis work was undertaken with the object of determining the effect 
of an «-methyl group on the mobility and equilibrium in the system 
(I), which contains a strainless ring, and of drawing a further analogy 
between the corresponding derivatives of trans-$-decalin and cyclo- 


hexane. 
CH, CH 


rs Ne 
(I) teal fa — (R == OH, OEt, or Me) 


Pa 


CAH, 


As already observed in the lower homologues (preceding paper), 
the compounds now obtained display the stereoisomerism which is 
to be expected : ¢.g., the hydroxy-ester (from the condensation pro- 
duct of trans-8-decalone with ethyl «-bromopropionate in presence 
of zinc) is a mixture of two compounds (III and IV), which, though 
not isolated in a pure state, have different physical properties and 
give rise to two acids. The two hydroxy-acids A (V) and B (VI) 
differ in solubility in hot petroleum and benzene and can be obtained 
in quantity by careful fractional crystallisation. The acid A is less 
easily dehydrated than the acid B. Similarly, the dehydration of 
the hydroxy-ester was incomplete when phosphorus oxychloride was 
employed : the method of Darzens (Compt. rend., 1911, 152, 1601) 
was, however, satisfactory. The constitution of the «$-acid (IX) 
was confirmed by its oxidation to trans-6-decalone (II). In the 
preparation of its dibromo-derivative (XII) by the addition of 
bromine to a chloroform solution of the «$-acid, the bromo-lactone 
(XIII) was also obtained in good yield. 

Oxidation of the (y-ester gave trans-cyclohexane-1 : 2-diacetic 
acid, which could result from the A?-acid but not from the A!-acid 
(X). Hence, as in the unsubstituted acid, the By-acid has the 
formula (VIII). 

The @y-ester was obtained by the method of partial esterification 
of the By-acid (Sudborough and Thomas, J., 1911, 99, 2307; Eccott 
and Linstead, J., 1929, 2153). The rate of esterification was very 
slow, as in the «-methylcyclohexenylacetic acid. The «f-ester was 
prepared from the silver salt of the «8-acid, and also by refluxing the 
acid with 4% alcoholic hydrogen chloride. 
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CH, 
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a-Methyl-A?-trans-octahydronaphthyl-2-acetone (XIV) could be 
readily prepared either by direct synthesis from the #y-acid (VIII) 
or by the methylation of A?-trans-octahydronaphthyl-2-acetone (70%, 
yield) (compare Kon, J., 1926, 1792). The synthesis of «-methyl- 
trans-decahydronaphthylidene-2-acetone (XV), however, presented 
great difficulties owing to the considerable conversion of the «f-acid 
chloride into the By-isomeride on distillation. Only a small quantity 
of its semicarbazone was obtained from the undistilled «f-acid 
chloride and methylzinc iodide. Similar treatment of the distilled 
chloride from the hydroxy-acid gave a mixture of the «f- and the 
y-ketone, the latter preponderating (compare Kon and Narayanan, 
J., 1927, 1546). 

(IX) —-+ C,H,,.>O°:CMe-COMe <— (V, VI) 


(XV.) 4 
le een . H, cH, 
\C-CHMe-COMe (XIV.) 


BOY) 
(VIII) —~> H,C\. Sure 


Tautomerism of the Acids, Esters, and Ketones. 

Acids.—The point of equilibrium and the mobility of this pair of 
acids (VIII, IX) could not be determined on account of experimental 
difficulties. 

Esters.—Some equilibrations were carried out under Kon and 
Linstead’s conditions (J., 1929, 1269), but the change was surprisingly 
slow—16% in 36 days. Similarly, mixtures of the «®- and the 
Py-ester did not undergo sufficient change under these conditions. 
At the temperature of the steam-bath, however, there was no undue 
amount of hydrolysis and the recovery of the esters was good. The 
«f-ester takes a little more than 6 hours to reach equilibrium, and 
the By- less than 3 hours. The mobility is 0-06 and the point of 
equilibrium about 10% «8. 

Ketones.—The mobility of the ketones (XIV) and (XV) could not 
be determined on account of the scarcity of the «$-isomeride; the 
equilibrium is almost completely on the By-side, since no appreciable 
change in its iodine addition or physical properties could be observed 
on equilibrating the By-ketone (XV). 

These results are tabulated in Parts I and IV (pp. 2127, 2160). 

With the exception, possibly, of the ketones, it can thus be con- 
cluded that the «-methyl group has a very great retarding effect on 
the tautomeric mobility of the unsaturated acids and esters of the 
trans-B-deealin series. The point of equilibrium in the esters and 
ketones is also shifted to the By-side and there is thus a close agree- 
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ment between the values of equilibrium of the corresponding com. 
pounds of trans-8-decalin and cyclohexane. 


EXPERIMENTAL. 
Acids. 

Condensation of trans-8-Decalone with Ethyl a-Bromopropionate. Ethyl 
2-Hydroxy-trans-decalin-2-a-propionate.—trans-B-Decalone (304 g.), ethyl 
a-bromopropionate (252 c.c.), and Zn (135 g.) in C,H, (800 c.c.) reacted 
vigorously on the steam-bath. The main quantity of the hydroxy-ester had 
b. p. 178—180°/10 mm. (there was some lower fraction, b. p. 140—176°/10mm.), 
On redistillation 15 g. of the main ester gave 2 g., b. p. 150—171°/9 mm., d®” 
1-0227, ni?*" 1-4811, [R,,]p 70-74, and the rest boiled at 170—172°/9 mm. and had 
di8®" 1-0286, n}2*" 1-48205, [Ry ]p 70-24 (calc., 70-25) (Found: ©, 70-7; H, 10-1, 
C,;H,,0, requires C, 70-9; H, 10-2%). The total yieid of the ester (calculated 
from the hydroxy-acid) was 76%; uncondensed decalone (b. p. 112— 
114°/11 mm.) 13%; self-condensation product of decalone 7%. 

Hydrolysie of the Hydroxy-ester. Stereoisomeric 2-Hydroxy-trans-decalin-2- 
a-propionic Acids.—The lower-boiling ester (140—176°/10 mm.) was hydro- 
lysed for 18 hrs. with 10% aq. methyl-alcoholic NaOH at room temp. The 
alcohol was distilled off in vac. below 40°, the residue diluted with H,O, the 
unhydrolysed matter extracted with ether, and the alkaline solution acidified. 
The acids were taken up in Et,O0 and recovered as a hard solid, which was 
crystallised from C,H,—petroleum (b. p. 60—80°). The less sol. acid A was 
very sparingly sol. in C,H, and separated immediately from a hot solution 
(when mixed with the acid B, it only crystallised slowly after addition of light 
petroleum); m. p. 156—157° (Found: C, 69-2; H, 9-7; equiv., by titration, 
226-1. C,,H,,0, requires C, 69-0; H, 9°7%; equiv., 226-2). 

The more sol. acid B was obtained in colourless crystals, m. p. 102—104°, 
when the C,H ,—petroleum mother-liquor was cooled in ice. It was fairly readily 
sol. in light petroleum (b. p. 60—80°), from which it crystallised in clusters of 
prismatic needles, m. p. 110—114° (Found: C, 68-8; H, 96%; equiv., 225-6). 

The acid obtained from the hydrolysis of the bulk of the hydroxy-ester, 
b. p. 178—180°/10 mm., was also separated by fractional crystallisation into 
the two forms A and B; that obtained from the undistilled ester left in the 
flask crystallised from C,H,—petroleum in radiating needles, m. p. 154—156°. 
The neutral substance from the last hydrolysis was A?*-trans-octahydro- 
naphthyl-2-8-decalone (see preceding paper). 

Dehydration of the Hydroxy-ester.—As the use of POCI, gave an unsatisfactory 
result, thionyl chloride (30 g.) was added drop-wise to a mixture of the hydroxy- 
ester (mixture of III and IV: 64g.) and pyridine (40g.) at 0°. The pale yellow 
product was left overnight at room temp. and then worked up as described on 
p. 2131; the dehydrated ester (57 g.; 96% yield) had b. p. 156—158°/10 mm.; 
di?* 0-9895, ni?* 1-4841, whence [R,], 68-52 (calc., 68-26); J 36-7% (10 mins.), 
47-6% (30 mins.), 53-7% (60 mins.). 

A?*-Octahydronaphthalene-2-a-propionic Acid (VIII).—The above ester was 
hydrolysed with cold 10% aq.-alc. NaOH for 24 hrs. and the resulting liquid 
acid was repeatedly partially esterified to ensure that there was no af-isomeride. 
The pure By-ester gave on hydrolysis a liquid acid which distilled as a colourless 
liquid like glycerol, b. p. 186°/13 mm. (slight decomp.), 148—149°/ca. 1 mm., 

‘J 89% (Found: C, 746; H, 9-5; equiv., by titration, 207-8. C,,H 99; 
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requires C, 74:9; H, 9°7%; equiv., 208-2). It absorbed Br very readily in 
CHCI,, giving a sticky bromo-derivative. 

The amide, prepared from the acid chloride (b. p. 155—156°/17 mm.) and dry 
NH, in cold Et,O, was very sol. in C,H, and crystallised from C,H,—petroleum 
(b. p. 60—80°) in clusters of colourless needles, m. p. 133—134° after sintering 
(Found: C, 75-4; H, 10-1. C,,H,,ON requires C, 75-3; H, 10-2%). 

Dehydration of the Hydroxy-acid with Acetic Anhydride.—The crude acid (60 
g.; mixture of A and B) was refluxed with Ac,O (80 c.c.) for 3 hrs., H,O added, 
the excess of Ac,O removed under reduced press., the residue extracted with 
Et,0, and the solvent removed wet. The product was treated with hot Na,CO, 
aq., which left a small quantity of a sweet-smelling oil and extracted a viscous 
acid (50 g.): steam-distillation of this gave 0-05 g. of a solid acid, which served 
to solidify the bulk of the acid. trans-Decahydronaphthylidene-2-a-propionic 
acid (IX) separated slowly from light petroleum (b. p. 60—80°) in well-formed 
crystals, m. p. 95—96° (Found: C, 74-7; H, 9-4; equiv., 207-7. C,,;H.,.0, 
requires C, 74-9; H, 97%; equiv., 208-2). 

A search was made for the second isomeride of the aB-acid. The petroleum 
mother-liquor gave a little more solid aB-acid on evaporation, but the rest was 
a thick liquid. Some of this was partially esterified, the unesterified acid, 
which still would not solidify, was converted through its silver salt into the 
ethyl ester, which was fractionally distilled: (i) b. p. 171—177°/20 mm., 
d®%* 0008, n2* 1-4912, J 6-7% (60 mins.); (ii) b. p. 177—185°/20 mm., d?* 
1-0118, n??*" 1-4872, J 2-5% (60 mins.). On hydrolysis, the latter gave a semi- 
solid acid, which was triturated with light petroleum. The colourless solid 
acid which separated was insol. in hot petroleum (b. p. 60—80°), crystallised 
from benzene (m. p. 154—155°), and was identified as the hydroxy-acid A (V). 

The rest of the liquid acid from the petroleum mother-liquor was further 
dehydrated with Ac,O (4 hrs.), and the resulting acid partially esterified for 
65 hrs. The unesterified acid yielded some more solid af-acid, whereas the 
higher fraction of the ester [(i) b. p. 160—166°/19 mm. ; (ii) 168—183°/19 mm.] 
still indicated the presence of the hydroxy-acid. 

The acid (m. p. 95—96°) was oxidised with 3% KMn0O, aq. in cold NaHCO, 
aq. The trans-f-decalone (b. p. 112°/14 mm.) produced was identified by its 
characteristic odour and semicarbazone (m. p. and mixed m. p. 192—193°). 

The amide (XI), prepared from the undistilled acid chloride and dry NH, in 
Et,0, was sparingly sol. in C,H, and crystallised from it in clusters of colour- 
less hairy needles, m. p. 206—207° (Found: C, 75-1; H, 10-1. C,,H,,ON 
requires C, 75-3; H, 10-2%). 

Bromine (0-73 c.c.) in CHCl, was added to a CHCl, solution of the af-acid 
(3g.). After 24 hrs., the solvent was distilled in vac. and the residue triturated 
with light petroleum (b. p. 60—80°). The dibromide (XII) crystallised from 
C,H,-petroleum (b. p. 60—80°) in gritty masses, m. p. 175—176° (violent 
decomp.) (Found: C, 42-2; H, 5-3. C,,;H., O,Br, requires C, 42-4; H, 5-5%). 

The benzene—petroleum mother-liquor gave two more crops of crystals on 
standing. These crystallised from C,H,—petroleum in spindle-like clusters of 
soft needles of the bromo-lactone (XIII),* m. p. 145—146° (violent decomp.) 
(Found: C, 54-0; H, 6-5. C,,H,,0,Br requires C, 54:3; H, 6-7%). 





* (Added in proof). This compound is probably the unsaturated bromo-acid, 
C,H,,>C-CMeBr-CO,H, as it dissolves in cold NaHCO, aq. and dil. NH, aq. 
and decolorises KMnO, aq. It does not, however, add on Bry. 
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Reference Curve.—The iodine additions (J) of the acids and their mixtures 
were determined by Linstead and May’s method, following the modifications 
described in the preceding paper (p. 2132). The solution of the Py-acid was 
slightly turbid. 

A reference curve was plotted from the following values : 


% af ... . © 10 20 30 40 50 60 75 90 100 
J,% ... 931 845 76-9 685 59:5 50-2 408 26 10-7 0-4 

Equilibrations.—The af-, By-acids and their mixtures were boiled with 
KOH aq. with the following results : 


TABLE I. 


KOH, % Time. J, %- 
[10] x 17 232 hrs. 5 
[10] x 17 72 days 13-4 
tio} x 35 23 days 27 
[10] x 17 232 hrs. 90-7 
[10] x 17 72 days 88 


[13] x 18 60 days 62-2 
[12] x 16 60 days 70-5 
[12] x 17 60 days 78°3 


Lower concentrations of the alkali were used because the potassium salts of 


the acids dissolved in them at the b. p. As seen from the last column, it was 
not possible to determine the point of equilibrium on account of the change being 
extraordinarily slow. 


Esters. 


Preparation of Ethyl trans-Decahydronaphthylidene-2-a-propionate.—(i) 
Through the silver salt. The af-acid dissolved readily in NH, aq. On removal 
of the excess of NH;, the solution became gelatinous or colloidal but cleared 
again on addition of a drop of the reagent. The Ag salts are readily dried if 
they are finally washed with some light petroleum. The ester was a colourless 
liquid with no unpleasant smell; b. p. 169°/16 mm.; d?” 0-9918, nj" 1-4969, 
whence [2] 69°68 (calc., 69:26); J 1-2% (60 mins.), 1-6% (90 mins.). The 
lower value of the exaltation (0-42) on account of branched conjugation is note- 
worthy (in the unsubstituted esters, it is 1-58) (Found: C, 76-1; H, 10-0. 
C,,H,O0, requires C, 76-3; H, 10-2%). The ester gave decalone (b. p. 112°/ 
14 mm.; semicarbazone, m. p. and mixed m. p. 192—193°) on ozonisation in 
CHCl, at 0°. 

(ii) By alcoholic hydrogen chloride. The af-acid (26 g.) and 4% ale. HCl 
(75 c.c.) were refluxed on the steam-bath for 10 hrs. 8 G. of the acid 
were recovered, and the ester (16 g.) had b. p. 172—173°/19 mm., d?)’ 0-9901, 
np 14968, and J 4-4% (60 mins.). 

Ethyl A?*-trans-Octahydronaphthalene -2-a-propionate.—The physical pro- 
perties of the ester obtained by repeated partial esterifications of the Py-acid for 
short periods (17—24 hrs.) did not vary and were b. p. 163—164°/19—20 mm. ; 
@iI* 0-9831, ni?” 1-4821, whence [R,]p 68-45 (cale., 68-26); J 65% (Found: 
C, 76-0; H, 10-0, C,,H,,0, requires C, 76:3; H, 10:2%). 

Ozonisation of the By-Ester —Ozonised oxygen was passed through a CHCl, 
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solution of the pure By-ester (11 g., b. p. 159-—-160°/17 mm.), the solyent re- 
moved in vac., the product subjected to steam-distillation, and the residue 
treated with Na,CO, aq. After being shaken with Et,O, the alkaline solution 
on acidification gave an acid, which slowly partly solidified. The solid, m..p. 
165°, was identified as trans-cyclohexane-| : 2-diacetic acid. The liquid por- 
tion, oxidised with 3% KMn0O, aq. in eold NaHCO, aq., gave a product, which 
also partly solidified. Trituration with cold C,H, left trans-cyclohexane-1 : 2- 
diacetic acid (m. p. and mixed m. p. 167°) and removed a ketone which reacted 
with semicarbazide acetate to give the semicarbazone of trans-cyclohexane-1- 
acetic acid-2-methyl ethyl ketone, elongated prismatie plates, m. p, 203° 
(decomp.), from abs. EtOH (Found: C, 57-5, 57-7*; H, 8-7, 8-4*» N, 15-2, 
15:2*. C,,;H,,0;N; requires C, 58-0; H, 8-6; N, 15-6%). 

Reference Curve.—The values of J for the same sample of By-ester varied 
slightly at different times, Hence, in order to minimise the error, the reference 
curve data were found at the time of the iodometric analysis of the equilibrated 
esters. 

se 10 20 30 40 50 60 75 90 100 
. 67-5 63 568-4 53-6 47-8 419 351 244 10-9 1-4 

Equilibrations.— Ali the experiments were carried out with the theoretical 
quantity of N-NaOEt prepared in specially dried EtOH. As the change was 
slow at 25°, some experiments were carried out on the steam-bath. The results 
are in Table IT, 

TaB_E II, 
Re- 
Time, covered, J, 


Expt. Ester. Temp. hrs. %. B. p./mm, n*. %. af. 
1 aB 25° 480 76 169—170°/19 1: 4935/22: ‘7° 13-4 87 
2 856 66 168/18 1-4930/20-6 162 84 


> 9° 


9 100 


” o” 


161—168/22 1-4856/22:3 49-8 37 
71 164—167/22 1-4837/22-3 655 27-5 
165—166/21 1-4825/22-3 59-9 17 
76 162—164/18 1-4825/20-2 61-6 13 
166/22 1-4821 61-6 13 
162—164/21 1-4824 61-4 13-6 
162—163/21 1-4824 60°9 15 
163—164/18 1-4837 61-6 13 
55 163—165/18 1-4860 60-9 14-5 


——— 


%”? ’? 


No - 
2D WOH w 


By » 
>» . 100 
90% By \ 20 
10% ap J 

% By \ +5 fs 48 163/17—18 1-4872 58-2 20-5 
208. af J 
13 70% By \_ ,, 49 163—165/18 1-4887 54-4 29 
30% ap J 


The acid resulting frora the hydrolysis of the esters was collected and 
analysed iodometrically. 


mS OO -~1 HD Or Pm CO 


SthS 
ror 


= 
GO 


— 
bo 


Acid from % Recovered. Comp., % By. 


Expts. 2, 3 and 4 y 83 
Expts. 7—10 95 
Expts. 11—13 and 2 86 


The rate of hydrolysis of the two esters seems to be of the same order as their 
proportion in the equilibrium mixture (compare Kon and Linstead, loc. cit. #.). 





* Analyses by Dr. Ing. A. Schoeller. 
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There was no appreciable formation of the ethoxy-ester, as the undistilled 
residue accumulated from experiments 11—13 (36 days) had b. p. 165°/18 
mm. and J 50-9% (35% af). Moreover the equilibrated af- and By-esters 
were analysed [Found for the By-ester (12 hrs.) : C, 75-9; H, 10-2. Found for 
the af-ester (12 hours): C, 75-9; H, 10-2. C,,;H,,0, requires C, 76-3; H, 
10:-2%. The ethoxy-ester, C,,H,,0;, requires C, 72-3; H, 10-6%]. 

From the table, 13% af : 87% By seems to be the ratio at equilibrium, but 
the more accurate figure will probably be 10% a8. The mobility calc. from 
experiments (1) and (2) is of the order 0-058, i.e., nearly a hundredth that of the 
unsubstituted esters. 

a Ketones. 

Semicarbazone of a-Methyl-trans-decahydronaphthylidene-2-acetone.—The af- 
acid (IX) (9 g.) and thionyl chloride (6 c.c.) were kept together at room temp. 
till all the acid had disappeared; the mixture was then warmed at 35° for a few 
mins., and the excess of the reagent removed under reduced pressure. The 
residue was diluted with dry Et,O and treated with ZnMeI at — 40° (Blaise and 
Maire, Ann. Chim. Phys., 1908, 15, 556; Dickins, Hugh, and Kon, J., 1928, 
1630). As the addition of H,O to the filtered ethereal solution produces a 
slimy mixture, it is best to wash it first with sat. (NH,),SO,aq. The solvent 
was distilled at a low temp., and the residue treated with semicarbazide acetate. 
The semicarbazone, m. p. 196—197° without purification, crystallised from C,H, 
or MeOH in clusters of silky needles, m. p. 209—210° (Found: C, 68-2; H, 
9-3. C,,H,,ON, requires C, 68-4; H, 95%). It depressed the m. p. of the 
By-semicarbazone, m. p. 195—196° (mixed m. p. 170—176°). 

The distilled acid chloride of the af-acid gave on treatment with hot 10% 
Na,CO, aq. an acid with J 66-4% (67-5% By), whereas the undistilled acid 
chloride gave an acid with J 14% (13-5% By). In all these decompositions, a 
considerable quantity of a neutral residue was left which was probably the 
anhydride. 

Semicarbazone of a-Methyl-A*-trans-octahydronaphthyl-2-acetone.—(i) From 
the By-acid. The acid (28 g.) was converted into the acid chloride (b. p. 159— 
161°/19mm.; 26g.) with thionyl chloride (15c.c.). On treatment with ZnMel, 
the ketonic product (b. p. 154—156°/19 mm.; 16 g.) readily gave the pure 
semicarbazone, m. p. 194° without any purification. It crystallised from 
C,H, in minute crystals and from MeOH in rhomboid plates on long standing 
(Found: C, 68-1; H, 9-5. C,;H,,ON, requires C, 68-4; H, 9-5%). The 
ketone produced from it with oxalic acid had b. p. 153—154°/19 mm.; d¥ 
0-9574, n®” 1-4912, whence [R,]p 62°38 (calc., 62-13); J 78% (Found: C, 
81-2; H, 10-5. C,,H,,0 requires C, 81:5; H, 10-7%). 

(ii) Prom the hydroxy-acid (compare Kon and Narayanan, loc. cit.). The acid 
chloride (16 g., from 23 g. of acid and 20c.c. of thionyl chloride) was a colourless 
mobile liquid, b. p. 161—162°/20 mm. The ketonic product (9 g., b. p. 155— 
156°/20 mm.) from the Blaise—Maire reaction readily gave a semicarbazone, 
m. p. 193—194°, and 194—195° after crystn. from C,H,, identical with the Py- 
semicarbazone, A small quantity of the af-semicarbazone, m. p. 202—203°, 
was isolated by fractional crystn. from some low-melting semicarbazone. 

On treatment of the above acid chloride with hot Na,CO, aq., the resulting 
acid had J 86%, corresponding to 91% By-acid. 

(iii) From the aB-acid. When the distilled acid chloride of the af-acid was 
used in the synthesis, the resulting ketone gave the Py-semicarbazone, m. Pp. 
192—194°, and 195—196° after crystn. from C,H,. 
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(iv) By methylation of A*-trans-octahydronaphthyl-2-acetone (compare Kon, 
loc, cit.). 'The ketone (10-6 g., recovered from the equilibration experiments) 
was added to “‘ molecular ”’ Na (1-3 g.) covered with dry Et,0. After the re- 
action had subsided, an excess of Mel was added to the orange-coloured liquid 
and the whole was refluxed for 4 hrs. On being worked up in the usual way, 
the distillate (7-5 g.; 70% yield) came over at 152—156°/17 mm. (original 
b. p. 146°/15 mm.) and yielded a colourless cryst. semicarbazone, m. p. 192— 
194°. It separated from C,H, in minute crystals, m. p. 194—195°. The 
ketone regenerated from it with oxalic acid by steam distillation (the ketone is 
volatile in steam with difficulty) had b. p. 153—154°/19 mm., d?!”" 0-9571, n3™ 
1-4910, [Rz]p 62-39 (calc., 62-13). 

Equilibrations.—The pure ketone was left with an excess of N-NaOEt fo 
15 hrs. at room temp. It was then recovered and had b. p. 154—155°/19 
mm., d2*° 0-9570, n?* 1-4913, and J 77-2%. Another specimen was warmed 
with an excess of N-NaOEt on the steam-bath for 3 hrs. It boiled at 155°/19 
mm. and had d??*" 0-9579, n®* 1-4918, and J 76:3%. Hence the position of 
equilibrium is almost on the side of pure By-ketone. 


IMPERIAL COLLEGE, LonpDon, S.W. 7. [ Received, May 4th, 1932.] 





299. Three-carbon Tautomerism in Dicyclic Systems. 
Part III. A Comparison between Corresponding 
Compounds of trans-Hexahydrohydrindene and 


cycloPentane. 
By R. S. THakor. 


Hicke. and FRrepRIcH have shown that a five- and a six-membered 
ring can be fused together in the 1 : 2-position by their cis- as well 
as by their trans-valencies just like the two cyclohexane rings in 
cis- and trans-decalins (Annalen, 1926, 451, 132). Their work on 
hexahydrohydrindene compounds has proved beyond doubt the 
correctness of their view (compare also Baeyer, Annalen, 1890, 
258, 217; Gurney, Perkin, and Plant, J., 1927, 2676; Perkin and 
Plant, J., 1928, 639; Plant and Rosser, J., 1929, 186; Blount, 
Perkin, and Plant, ibid., p. 1975). The models of the two hexa- 
hydrohydrindenes (Annalen, 1926, 451, 134) show that the cis- 
fusion involves hardly any strain; on the other hand, in the trans- 
interlocking, the two trans-valencies taking part in the formation 
of the cyclopentane ring deviate from their normal positions to an 
equal extent, the value of the deflexion being between that involved 
in the formation of a cyclopentane and a cyclobutane ring, i.e., 
between 44’ and 9° 44’. Hence it would seem that the trans-form 
is under some strain. Measurements of the heats of combustion 
of cis- and trans-hexahydro-2-hydrindones, although in agreement 
with the results found for the corresponding decalin compounds, 
give no useful information regarding the relative state of strain in 
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the two rings (cis- and trans-hexahydrohydrindenes). The work 
of Kandiah, carried out on the basis of the Thorpe—Ingold valency 
deflexion hypothesis, suffers from the same limitation (J., 193}, 
952); he nevertheless concludes that there is no appreciable strain 
in either of these two dicyclic systems. 

In Parts I and II of this series (preceding papers) it was shown 
that compounds containing the strainless trans-$-decalin ring 
closely follow the behaviour of the corresponding cyclohexane 
compounds as regards tautomeric mobility and equilibrium. The 
investigation has now been extended to compounds of trans-hexa- 
hydrohydrindene (I): if the strain indicated on the model is re. 
flected in the behaviour of these compounds, they should differ 
from the analogous cyclopentane derivatives. 


H,C C 


CH, 
H, 
H 
a x >C:CHX re 


Hy ‘ ‘fn, CH, 

(I; A= CO,H, CO,Et, or COMe.) (II.) 

trans-Hexahydro-2-hydrindone was prepared by the distillation 
of trans-cyclohexane-1 : 2-diacetic acid (Kandiah, J., 1931, 936), 
which was obtained together with 1-carboxy-trans-cyclohexane-2. 
propionic acid (II) by oxidation of trans-B-decalol with concentrated 
nitric acid. 

The preparation of the «$-acid, trans-hexahydrohydrindylidene- 
2-acetic acid (VII), has been described by Kandiah (J., 1931, 945). 
This acid is isolated in good yield in the preparation of the Py-acid 
(see below). The dehydration of the hydroxy-acid with acetic 
anhydride was, however, repeated, but instead of the acetoxy-acid 
(IX) (Kandiah, Joc. cit.), only the «8-acid was obtained. This acid 
was also obtained in excellent yield when an attempt was made to 
prepare the acid chloride from the hydroxy-acid by treatment with 
thionyl chloride, 


CH,*CH,*CO,H 


C,H,>CO —> CHa >CCO 00,H “fori . C,H,,>C:CH-CO,H 


(VII.) 


jon: ) 
(V.) 
(C,H ,,>C:CH-CO,Et 


OH 
CsHu>C<oH,.00,Et > (C,H. >C-CH,-CO,Et 
IV.) (VI.) 


CATE OAc 
CgHiy>C-CH'COMe CyHis>C< on .CO,H (,H,,>C-CH,-COH 
(X.) (IX.) (VIIL) 

In the esterification of the hydroxy-acid (III) with alcoholic 
hydrogen chloride, some dehydration occurred in the cold, and 
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more at higher temperatures. The dehydration of the hydroxy- 
ester (IV) with phosphorus oxychloride, phosphoric oxide, or thionyl] 
chloride produced a considerable proportion of the «@-ester (V). 
Darzens’s method (Compt. rend., 1911, 152, 1601) gave the best 
yield (92%) and the product contained about 42% of the Py-ester, 
as shown by Linstead and May’s iodometrie method (J., 1927, 2565). 

The unsaturated ester gave on hydrolysis a large proportion of 
the «B-acid and some fy-acid. The latter was obtained pure by 
partial esterification and subsequent hydrolysis. trans-Hexa- 
hydroindeny!-2-acetie acid was found to melt at 67°, not at 144° 
as stated by Kandiah (loc. cit.). The preparation has been repeated 
a number of times and it is doubtful whether Kandiah’s acid, the 
constitution of which was not proved, could have been the pure 
§yeompound. In view of the high mobility of both the acids 
and the esters (see below), it seems possible that the acid, m. p. 
144°, was impure af-acid. Moreover, the By-acid now obtained 
gives a dibromide, m. p. 135° (Kandiah, m. p. 146°; eompare the 
dibromide of the «$-acid, m. p. 147—148°), and an amide, both of 
which considerably depress the melting py of their isomerides 
derived from the «$-acid. 

Some Sy-acid was also prepared—though in poor yield—by 
boiling the «f-acid with aqueous potash. The pure acid, obtained 
by eliminating the «$-acid by crystallisation and partial esterific- 
ation, was identical with that obtained from the dehydration of 
the hydroxy-ester. 

The conversion of the ®y- into the «$-acid with boiling alkali 
and vice versa disproves the possibility of its being or containing 
the y8-isomeride, which would not be expected to give the «$-acid 
on equilibration (compare Goldberg and Linstead, J., 1928, 2343 ; 
also the following paper). 

The pure «§-ester (V) was prepared from the silver salt of the 
up-acid, whereas the fy-ester (VI) was prepared by means of alcoholic 
hydrogen chloride. 

The Sy-compounds both in this and in the trans-$-decalin series 
(preceding two papers) show appreciable exaltation of their mole- 
cular refractions. This should not be taken to indicate their con- 
taining any impurity, as it is a characteristic of all trans-compounds 
(compare Hiickel, ‘‘ Theoretische Grundlagen der Organische 
Chemie,” 1931, II, 150) : 


Compound. [Rrlp cis. [Rz]p trans. [Rrz)p calc. 
44-28 43-98 
44-40 43-09 
44-24 43:99 
Hexahydrohydrindene . 39-62 39-36 
Hexahydro-2-hydrindone 39-78 39-61 
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trans-Hexahydrohydrindylidene-2-acetone (X) can be readily 


prepared by the Blaise-Maire reaction from the «f-acid (VII) § 


(Kandiah, Joc. cit.). Its «f-structure is confirmed by the exaltation 
of its molecular refraction (1-79), low iodine addition, and oxidation 
to trans-hexahydro-2-hydrindone. 

Various attempts were made to prepare the fy-ketone, trans. 
hexahydroindenyl-2-acetone, but without success. (1) When the 
undistilled By-acid chloride (which gave the pure fy-amide) was 
treated with methylzinc iodide, the ketonic product contained 
the «$-ketone (X). That the acid chloride did not isomerise to 
the «8-isomeride during the reaction is proved by the fact that pure 
By-acid was obtained from the acid chloride still remaining in the 
reaction product. (2) Synthesis from the hydroxy-acid (III) failed 
because no acid chloride could be obtained from it, as already 
mentioned. (3) Attempts were made to obtain it by regeneration 
from its sodio-derivative, prepared from the af-ketone (X), with 
benzoic acid (compare Hugh and Kon, J., 1930, 775). The yield 
of the ketonic product was very poor. Only a small quantity of 
a semicarbazone, m. p. 178—181°, was isolated, the rest consisting 
of a eutectic mixture, m. p. 213° (m. p. of the «$-semicarbazone, 
222°). 


Tautomerism of the Acids (VII, VIII), Esters (V, V1), and Ketones. 


Acids.—The potassium salts of both the «f- and the fy-acid do 
not dissolve completely in aqueous potash under Linstead’s con- 
ditions (J., 1927, 2579). Despite the effect this produces on mobility 
(see Part I), the ®y-acid is completely equilibrated (90% change) 
in about four hours, and therefore these acids must be regarded as 
highly mobile. The order of mobility (ca. 6) thus found is of course 
only approximate and represents a lower limit. The value for the 
position of equilibrium is about 90% «af. This figure is confirmed 
by subjecting a large quantity of the equilibrated «8-acid to partial 
esterification and calculating the percentage of the #y-acid from 
the quantity and composition of the ester. The latter is readily 
determined by Linstead and May’s iodometric method (loc. cit.). 

Esters.—The equilibrations of ethyl trans-hexahydrohydrindyl- 
idene- and trans-hexahydroindeny]l-2-acetates (V and VI) were 
carried out under Kon and Linstead’s conditions (J., 1929, 1269). 
The most remarkable feature is their unexpectedly high mobility; 
and the point of equilibrium is almost completely on the «$-side, 
namely, about 98% «8. This value is reached from the (y-side 
in about five minutes. The mobility, 104 x (k, + k,) min, ® 
greater than 5000. It is probably on account of this high mobility 
and the position of equilibrium on the «$-side that a considerable 
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proportion of the «8-isomeride is always formed in the preparation 
of the By-ester by the dehydration of the hydroxy-ester. For the 
same reason, unless the hydrolysis of the By-ester is carried out 
with dilute alkali in the cold, an appreciable quantity of the «$- 
acid is isolated. 

Ketones.—The mobility could not be determined, as the fy- 
ketone could not be synthesised. The position of equilibrium is 
completely on the af-side, since the «®-ketone (X) undergoes no 
change in physical properties or iodine addition on treatment with 
sodium ethoxide. The methylation and ethylation of the «- 
ketone (X) are discussed in the following paper (Part IV). 

The above results are tabulated in Part IV (p. 2160). It would 
seem from them that there are two striking characteristics of the 
compounds of the trans-hexahydrohydrindene series: (1) their 
very high mobility and (2) the position of equilibrium being right 
on the «B-side. The only cyclic compounds which approach them 
in these respects are those of the cyclopentane series. The likeness 
is not so close as that between the analogous compounds of trans-B- 
decalin and cyclohexane. 

The mobility of the ketones of any series is considerably higher 
than that of the esters of the same series on account of the greater 
“activating ’’ power of the COMe in comparison with CO,Et. 
Hence it must be taken that the mobility of the ketones of the 
hexahydrohydrindene series is unusually high. 

Finally, the present study indicates that the position of equilibrium 
of the cyclopentane acids on the By-side is definitely anomalous. 


EXPERIMENTAL. 


Oxidation of trans-B-Decalol.—Conc. HNO, (600 c.c.) was heated to its b. p. 
in a 3 1. flask fitted with a wide-mouthed air-condenser and, above this, a 
water-condenser. trans-B-Decalol (m. p. 75°) (200 g.) was added in small 
quantities: the reaction, once started, was self-maintaining. The mixture 
was heated for 4 hr. and kept at room temp. for 2 hrs. and the trans-cyclo- 
hexane-1 : 2-diacetic acid was then washed with ice-cold water and with light 
petroleum (b. p. 60—80°); m. p. 164° after sintering (yield, 36—40%). 

The HNO, mother-liquor deposited an acid (yield, 18%), m. p. 115—122° 
(clearing at 135°). 

Oxidation of trans-8-Decalone.—Under Kandiah’s conditions (loc. cit.) 330 g. 
of trans-B-decalone and 810 c.c. of conc. HNO, gave 195 g. (yield, 44%) of 
acid, m. p. 135—160°. Recrystn. from hot EtOH (300 c.c.) by addition of 
hot H,O (800 c.c.) gave 140 g., m. p. 165—167°; a second crop had m. p. 
120—135°, clearing at 150°. 

trans-B-Decalone (95 g.) and HNO, (240 c.c.) gave an acid (m. p. 165—166° ; 
38% yield) after 2 hrs.’ standing; the second crop (14%; after 18 hrs.) melted 
at 120—135°. 

trans-Hexahydro-2-hydrindone.—When a mixture of cyclohexane-! : 2- 
diacetic acid and 7-5% of Ba(OH), was heated (compare Kandiah, loc. cit.), 
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the ketone distilled at 260—290° : more was obtained by distilling the residue 
under 200 mm., care being taken that the diacetic acid also did not pass over, 
The distillate was diluted with light petroleum (b. p. 40—60°), which effected 
@ very good separation of the aq. layer. It was then washed with dil. NaOH 
aq. (from this the diacetic acid could be recovered on acidification) and with 
H,0, dried with CaCl, and K,CO,, and distilled; b. p. 103°/21 mm. (semi- 
carbazone, m. p. 243° without purification). 

Ff the diacetic acid used in the preparation contained the acid (IT), a mixture 
of trans-hexahydro-1- and -2-hydrindones was obtained. This was converted 
into the semicarbazones, which were refluxed with MeOH (800 c.c. for 80 g. 
of semicarbazone), the semicarbazone of the l-isomeride passing into solution ; 
the residual semicarbazone (m. p. 243°), steam-distilled with oxalic acid, 
gave trans-hexahydro-2-hydrindone, b. p. 103°/21 mm., dj" 0-9771, nZ}” 1-47633, 
[PR ]p 39-89 (calc., 39-51). 

For the hydrolysis of large quantities of the semicarbazone it is better to 
use dil. H,SO, instead of oxalic acid. When the semicarbazone was hydrolysed 
with 50% HCl aq. on the steam-bath, the ketone produced (and extracted 
in Et,0) was accompanied by a colourless crystalline solid. The ketone was 
removed by steam-distillation, and the solid recrystallised from MeOH; 
prismatic plates, m. p. 150—152°. The substance formed a semicarbazone, 
m. p. 243°, gave trans-hexahydro-2-hydrindone when heated with dil. H,80, 
or HCl aq., and was possibly di-trans-hexahydro-2-hydrindylidenehydrazine, 
C,H,,>C:N-NC<C,H,, (Found: C, 79:3; H, 10-3; N, 10-3. C,,H,,N, 
requires C, 79-4; H, 10:3; N, 10-3%). 

Acids. 

The hydroxy-ester (IV), prepared (Reformatsky) from trans-hexahydro-2. 
hydrindone 141 c.c., ethyl bromoacetate 112 c.c., C,H, 400 c.c., and Zn 70 g., 
had after redistillation b. p. 167°/20 mm., d¥* 1-0314, nae 1-4729, [Rz]p 61-51 
(cale., 61-13) (compare Kandiah, loc. cit.). A lower-boiling fraction and the 
residue gave the hydroxy-acid (III) on hydrolysis. The average yield of the 
hydroxy-ester was 50%; unchanged ketone, 25%; self-condensation product, 
18%. In spite of its very high b. p., the last passed over in the lower fraction 
(120——160°/21 mm.) and was isolated from the unhydrolysed residue. 

In later preps. of the hydroxy-ester the product of the Reformatsky reaction 
was hydrolysed (with cold 10% aq. alc. NaOH for 24 hrs.) after distillation 
of the C,H,, the uncondensed ketone, and some hydroxy-ester. In this 
way, the decomposition of the self-condensation product of the ketone was 
prevented and the yield of the hydroxy-acid improved. 

The unhydrolysed residue gave the condensation product as a cryst. mass. 
This was washed with MeOH, in which it was sparingly sol. trans-Hexa- 
hydrohydrindylidenehexahydro-2-hydrindone crystallised from light petroleum 
(b. p. 60—80°) in aggregates of prismatic plates, m. p. 115—116° after shrink 
ing (Kandiah, loc. cit., p. 945, gives m. p. 126°) (Found: C, 83-6; H, 100. 
Cale. for C,,H,,0: C, 83-7; H, 10-1%). The oxime, formed readily by 
refluxing an alc. solution of the ketone with hydroxylamine hydrochloride 
in AcON@ aq., crystallised from C,H, in prismatic needles, m. p. 211—212 
after sintering and turning brown (Found: ©, 7%1; H, 98. C,,H,,0N 
requires C, 79:1; H, 10%). A small quantity of oxime, obtained by dilution 
of the alc. mother-liquor, crystallised from C grey (b. p.- 60—80 ) 
in a network of flat needles, m. p. 206°. 
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The hydroxy-acid, whether obtained from the lower-boiling ester or the 
main fraction or the undistilled residual ester, crystallised from light petroleum 
(b. p. 60—80°) in rhombic plates, m. p. 87—88° (Kandiah gives m. p. 91°). 

The hydroxy-acid (80 g.), 1-7N-alc. HCl (200 c.c.), and EtOH (400 c.c.), 
left at room temp. for 24 hrs., gave 80 g. of ester, b. p. 166—170°/20 mm. 

Dehydration of the Hydroxy-acid (III).—The acid (30 g.) was boiled for 
3 hrs. with Ac,O (40 c.c.). No acetoxy-compound (IX) was obtained (com- 
pare Kandiah, loc. cit.). The crude acid was treated with Na,CO, aq., the 
neutral product removed, and the acid obtained on acidification of the alkaline 
layer was crystallised from light petroleum (b. p. 60—80°); m. p. 151—152° 
(Kandiah, m. p. 155°). It had an iodine addition of 2-2% (10 mins.). This 
acid was obtained in considerable quantity by dehydration of the hydroxy- 
ester (IV). 

The dibromide of the af-acid crystallised from light petroleum (b. p. 60— 
80°) in thick prismatic plates, m. p. 147—-148° (Kandiah, m. p. 150°). 

The amide, C,H,,>C°:CH-CO-NH,, prepared from dry NH; and the acid 
chloride (b. p. 153—154°/16 mm.) in Et,O, crystallised from C,H, in rhombic 
plates, m. p. 154—155° (Found: C, 73-6; H, 9-4. C,,H,,ON requires C, 
73:7; H, 9-6%). 

The acid chloride (2-5 g.) was decomposed with Na,CO, aq. on the steam- 
bath. The cryst. product was extracted and dried in Et,O and crystallised 
from light petroleum; plates, m. p. 116—118° (Found: C, 77:0; H, 8-6. 
Cy.H 0, requires C, 77-1; H, 88%). It was the anhydride of the af-acid 
(VII), which was partly reproduced on treating it with hot 10% Na,CO, aq. 

The iodine addition of the acid obtained from the acid chloride was 2:2%, 
the same as that of the pure af-acid. 

Dehydration of the Hydroxy-ester (IV).—(i) With phosphoric oxide. When the 
ester was added to an excess of P,O,;, much heat was generated and the ester 
distilled. The dark product was decomposed with H,O and extracted with 
Et,0. The dehydrated ester had b. p. 135—145°/11 mm. and J 30-3% (10 
mins.), corresponding to 31% fy-ester. 

The hydroxy-ester (IV) was refluxed with an excess of P,O, covered with 
dry C,H, (6 vols.) for 4 hrs. The C,H, was then distilled in vac., the ester 
drained off, and the residue worked up. The dehydrated ester (yield, 80%) 
after redistillation over a little P,O, had b. p. 140—150°/11 mm. and J 33-7% 
(34:5% By-ester). 

(ii) With phosphorus oxychloride. The hydroxy-ester (67 g.) was refluxed 
with POCI, (20 c.c.) and dry C,H, (100 c.c.) for 2 hrs. and left over-night at 
room temp. The dark product was worked up. The dehydrated ester (45 g. j= 
72% yield) had b. p. 150—160°/20 mm. (Kandiah, b. p. 152°/15 mm.). 

(iii) With thionyl chloride (Darzens, loc. cit.). The hydroxy-ester (90 g.) 
in pyridine (73 g.) was treated with thionyl chloride (31 c.c.). The product 
was left over-night, extracted in light petroleum (b. p. 40—60°) washed with 
H,0, dil. HCl aq., Na,CO, aq., NaOH aq., and H,O. The dehydrated ester 
(76 g.; 92% yield) had b. p. 1388—150°/12 mm., about 40 g. coming over at 
142—143°/12 mm. The iodine addition of the ester (76 g.) was 41:3%, 
corresponding to 42% By-ester. 

The unsaturated ester from the above dehydration experiments was hydro- 
lysed with cold 10% aq. ale. NaOH for 24 hrs. The unhydrolysed part 
having been removed, the acid was crystallised from much light petroleum 
(b. p. 60—80°), the af-acid separating. The petroleum was evaporated 
4a 
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from the mother-liquor in vac., and the residue (85 g.) partially esterified 
(Kon and Thakur’s quantities) for 6 hrs. The ester was fractionally distilled : 
(i) 40 g., b. p. 132—135°/10 mm., (ii) 10 g., b. p. 135—138°/10 mm. (Kandiah, 
b. p. 144°/15 mm.); 34 g. of the acid were recovered. 

The ester (i) was hydrolysed with cold 10% methyl-alcoholic NaOH for 
24 hrs., the MeOH distilled in vac. below 35°, and the neutral portion elimin. 
ated. The acid crystallised from n-hexane at 0° in fine plates, m. p. 66—67° 
(Kandiah, loc. cit., m. p. 144°) (Found: C, 73-1; H, 8-8; equiv., by titration, 
180-2. C,,H,,0, requires C, 73-3; H, 9-0%; equiv., 180-1). Even on very 
careful hydrolysis, care being taken to preclude tautomeric change, the 
hydrolysed acid contained a small quantity of the af-acid. In such cases, 
the first crop of the acid was again partially esterfied; later crops, however, 
consisted of the pure Py-acid. 

The dibromide, C,H,,Br>CBr-CH,°CO,H, prepared from the Py-acid 
was obtained as a viscous solid on evaporation of the CHCl, in vac. It was 
ground with light petroleum and crystallised from C,H,—petroleum (b. p. 
60—80°) or petroleum, forming rhombic plates, m. p. 135° (Kandiah, m. p. 
146°) (Found: C, 38-7; H, 4-5. Calc. for C,,H,,0,Br,: C, 38-8; H, 47%). 
Mixed m. p. with the dibromide (m. p. 148°) obtained from the af-acid, 112’, 
clearing at 122°. 

The amide, C,H,, >C-CH,-CO'NH,, formed from the undistilled By-acid 
chloride, crystallised from C,H, in silky plates, m. p. 160—161° after sintering 
(Found: C, 73-6; H, 94. C,,H,,ON requires C, 73-7; H, 9-6%). Mixed 
m, p. with the amide (m. p. 154—155°) of the aB-acid, 125—128°. 

Reference Curve.—The iodine additions (J) of the a8, By-acids and their 
mixtures were determined by the method of Linstead and May (J., 1927, 
2565), with the modifications described on p. 2132. 


» a errr 0 10 25 50 60 70 80 90 100 
os Tab, aeginnenses 77-2 « T11l 62-8 52-1 464 396 30:8 17:9 22 


Equilibrations.—The two acids, aB and By, were heated with KOH aq. 
The results are in Table I. 


TaBe I. 

Acid. % KOH. Temp. Time (hrs.). J, %. Comp., % ef. 
By 25 100° 0-5 61-2 30 
” ” 9 ] 56-9 40 
” ” %” 2 46-4 60 
”” ” 2” 3 29-5 81 
2” ? .” 4 20°5 88 
” 2? ” 6 13-7 93 
”? %° ” 10 19-8 89 
By 19 B. p. 23 21-3 87-5 
ap 25 100 6 13-7 93 

a o- 13 15-2 92 
a ob i> 24 145 92-5 
mn Se B. p. 66 14:5 92-5 
» ar - 96 17-3 90-5 
-m 20 = 359 17-3 90-5 


Even after the acid (obtained on acidification of the KOH solution) had 
been heated with 10% Na,CO, aq. for 15 mins. on the steam-bath, a small 
quantity remained unacted upon (compare Wechsler, Monatsh., 1893, 14, 
462). On extraction of the alkaline liquid with Et,0 and evaporation of the 
solvent, it was identified as the af-acid, m. p. and mixed m. p, 161—152". 
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The value at equilibrium may be taken as 90% af, a figure which is confirmed 
by the results of partially esterifying the fully equilibrated af-acid (see below). 
The equilibrated acid, either from the af- or the By-side, had m. p. 151—152° 
after crystallisation from C,H,. 

When the results of equilibrations (comp. % af in the fitst four expts.) are 
plotted against time (hrs.), the points obtained lie on a straight line. This 
is probably due to the irregularity in the change caused by the sparing solu- 
bility of the potassium salts. The mobility, under theexperimental conditions, 
is of the order of 6, and similarly the half-change period is about 75 mins. 

Partial Esterification of the Equilibrated oB-Acid.—The af-acid (138 g.) was 
boiled with KOH (250 g.) in H,O (750 c.c.) in a copper flask for 3 days. The 
equilibrated acid obtained on acidification was boiled with light petroleum 
(b. p. 60—80°). Most of the unchanged af-acid was left undissolved, and 
more separated from the filtrate. The petroleum was evaporated from the 
mother-liquor in vac., and the residue partially esterified (Kon and Thakur’s 
quantities). The ester (16-5 g.) had b. p. 140—141°/15 mm. (a very small 
quantity at 141—145°/15 mm.), di?” 0-9900, np) 1-4770, and J 89-3%. 
The iodine value corresponds to 92% By-ester. The unesterified acid was 
mixed with the unchanged af-acid and the equilibration and subsequent 
partial esterification were repeated. From the several experiments, the 
percentage of By-acid in the equilibrated product worked out concordantly 
to about 10. The By-acid obtained from the hydrolysis of the above ester 
was identical with that mentioned above (m. p. 66—67°). 


Esters. 


Preparation of the aB-E ster (V).—When the excess of NH, was being removed 
from the solution of the ammonium salt of the aB-acid, a colourless solid 
separated which dissolved again on addition of a little more dil. NH, aq. 
(compare Part II, p. 2144). The ester, formed by refluxing the Ag salt with 
EtI in dry Et,0, was washed with dil. NaOH aq. and H,O. : Ethyl trans- 
hevahydrohydrindylidene-2-acetate had b. p. 158°/19 mm.; di?* 1-0018, ni?* 
14938, whence [R,], 60-47 (calc., 59-21); J 0-4% (Found: C, 74-7; H, 9-5. 
C,;H,,O, requires C, 74-9; H, 9-7%). A second sample, similarly prepared, 
had d?* 10018, n??* 1-4924, and J 16% (10 mins.), 3-7% (30 mins.), and 
75% (60 mins.). 

Preparation of the By-Ester (V1).—The By-acid (24-3 g., m. p. 64—65°) was 
esterified for 74 hrs. with N-ale. HCl (26 ¢.c.) and EtOH (62 c.c.). The 
mixture was diluted with much H,O containing Na,CO,, and the ester ex- 
tracted, washed (once with dil. NaOH aq. and then with H,O), end dried 
in Et,0. Ethyl trans-hexahydroindenyl-2-acetate had b. p. 133—135°/11— 
13 mm. ; dii* 0-9884, nij*” 1-4760, whence [R,)}, 59-42 (cale., 59-21); J 97% 
(10 mins.) (compare Kandiah, loc. cit.) (Found: C, 749; H, 9-6. Cale, 
for C,,H,,0,: C, 74-9; H, 9-7%). Another sample had b. p. 140°/19 mm. 
d* 0-9874, ni?® 1-4758, [Ry], 59-43, and J 97% (10 mins.). 


Reference Curve.— 
* eae 0 10 20 30 40 50 60 70 80 90 100 
J, % (10 mins.) 97 87-9 78-5 68-6 59-2 49-7 39-8 29-9 20-2 10-4 0-4 

Equilibrations.—_The af- and the fy-ester were treated with N-NaQEt 
(prepared from Ca-dried EtOH) under Kon and Linstead’s standard con- 
ditions: the results are in Table Ii. 
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TaBLeE II. 


s 


Expt. Ester. N-NaOQEt. Temp. Time. dt. no 
By Theo 25° 2mins. 0-9987/20° 1-4887 

5 ,,  1:0018/20 1-492 

os 1:0017/20 1-4925 
% 20 55 1-0018/20 1-4925 
os 30° is — 1-4927 
60 ,, a 1-4941 


90 — 1-4939 


» Excess ;, 120 ,, a 1-4937 
9 ap 2a ov 2 hrs. — —- 
10 6 Bi - sw — — 
11 » ” 100 | a 1-0018/19-7 1-4932 
In Expts. 1 and 2, By-ester having J 92-6% (95% By) was used. 
In Expt. 8, By-ester having J 87-9% (90% By) was used. 


The point of equilibrium is about 98-5 + 05% af. The half-change 
period is much less than 2 mins. On account of the error introduced by 
using short intervals of time (e.g., 2 mins. and 5 mins.), the value of mobility, 
10* x (k, + k,) min.-", can be estimated only approximately and is greater 
than 5000. 

The yield of the equilibrated ester was more than 80% in every case, and 
the b. p. never exceeded that of the pure af-ester, being always about 148°/11 
mm. On account of the short duration of the treatment of the esters with 
NaOEt, there could be no question of the formation of the ethoxy-ester. The 
By-ester from expt. 7 was analysed (Found: C, 74:7; H, 9-5. C,,;H.,0, 
requires C, 74:9; H, 9:7%. The ethoxy-ester, C,,H,,0;, requires C, 70-9; 
H, 10-:2%). 

The equilibrated By-ester gave on oxidation trans-hexahydro-2-hydrindone, 
which was identified by its characteristic smell and its semicarbazone (m. p. 
and mixed m. p. 243°). The acid from the hydrolysis of the equilibrated 
By-ester was crystallised from C,H,; it had m. p. 151—152° and was identified 
as the af-acid (VII). 


to 
to ~7 Or 


9? 9? 9” 


”” %? 9° 


= 
— 


99 9? 
9°? 9° 
’> 9° 99 


9? 


We hoe PR Oot 


IDA 


Ketones. 


trans-Hexahydrohydrindylidene-2-acetone (X).—The af-acid chloride was 
converted by ZnMelI into the ketone, which was purified through its semi- 
carbazone, m. p. 221—222° (decomp.) (Kandiah, J., 1931, 972, gives m. p. 
218°), and regenerated therefrom by steam-distillation with oxalic acid (it 
is not easily volatile in steam); it then had b. p. 134°/10 mm.; d??’ 0-9738, 
ni) 1-5047, whence [Rz]p 54:11 (cale., 52-32); J 5-5% (5 mins.), 7-7% (10 
mins.). 

Ozonisation of the Ketone.—The ketone in AcOEt was treated with ozonised 
oxygen at 0°, the ozonide freed from the solvent and decomposed, and the 
product steam-distilled. The residue crystallised from dil. Me,CO in stout 
gritty crystals, m. p. 157—158° clearing at 160°, identified as trans-hexa- 
hydrohomophthalic acid. From the aqueous distillate Et,0 extracted trans- 
hexahydro-2-hydrindone, b. p. 80—84°/9 mm. (semicarbazone, m. p. and 
mixed m. p. 243° decomp.). 

Attempts to prepare trans-Hexahydroindenyl-2-acetone.—The By-acid chloride 
(prepared from the By-acid and thionyl chloride, the excess of the latter being 
removed in vac. below 30°) was converted by ZnMel into a ketonic product. 
This was not distilled but, after removal of the solvents, was converted into 





THREE-CARBON TAUTOMERISM IN DICYCLIC SYSTEMS. PARTIV. 2157 


the semicarbazone, m. p. (without purification) and mixed m. p. (with the 
af-semicarbazone) 215—216°. The acid obtained from the alkaline washing 
of the above product was crystallised from hexane; m. p. 66—75° (m. p. of 
pure By-acid, 66—67°). 

The af-ketone (X) (6 g.) reacted vigorously with “‘ molecular” Na (0-8 g.) 
under dry Et,0O, but some Na remained after 3} hrs. The orange-red liquid 
was quickly filtered and cooled to — 40°, and a cooled solution of the calc. 
quantity of dry PhCO,H in dry Et,0 added (compare Hugh and Kon, loc. 
cit.). PhCO,Na was instantly pptd. The filtered liquid was worked up, and 
the ether evaporated in vac.atroomtemp. The residue gave a semicarbazone, 
m. p. 195—197°, and 212-—213° after crystn. from MeOH (Found: C, 66-5; 
H, 8-9. Cale. for C},H,,ON,: C, 66-4; H, 8:9%), which did not depress the 
m, p. (222°) of the af-semicarbazone. A small quantity of a more sol. semi- 
carbazone, m. p. 178—181°, was also isolated. 

Equilibrations.—The af-ketone (6-2 g.) was treated with an excess of approx. 
N-NaOEt for 10 and 30 mins., respectively, at 25°. About 86% of the material 
was recovered. The first sample had b. p. 132°/10 mm., d??’ 0-9745, n#?" 1-5046, 
and J 5-7% (10 mins.); the second had b. p. 131°/10 mm., d%” 0-9743, n?” 
15047, and J 5-5%. The semicarbazone from these melted at 218° (decomp.) 
without any purification. 

Condensation with Ethyl Sodiomalonate.—The aB-ketone (X) (4:5 g.) was 
heated with ethyl malonate (4 g.) and Na (0-58 g.) in EtOH (18 c.c.) for 10 hrs. 
on the steam-bath (compare Norris and Thorpe, J., 1921, 119, 1199), and the 
product was diluted with H,O and acidified. Ethyl cyclohexane-3 : 5-dione- 
1(2’)-spiro-trans-hexahydrohydrindene-2-carboxylate (7-2 g.), isolated by means 
of Et,0, crystallised from AcOEt—petroleum or C,H,—petroleum in prismatic 
needles, m. p. 156—157° (Found: C, 69:6; H, 8-1. C,,H,,O, requires C, 
69:8; H, 8-2%). Hydrolysis of this ester with 20% KOH aq. on the steam- 
bath for 34 hrs. gave cyclohexane-3 : 5-dione-1(2’)-spiro-trans-hexahydro- 
hydrindene, m. p. 199—200° (decomp.) (compare Kandiah, loc. cit., p. 973) 
(Found: C, 76-2; H, 8-9. Cale. for C,gH,,0,: C, 76-4; H, 9-1%). 
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300. Three-carbon Tautomerism in Dicyclic Systems. 
Part IV. The Effect of an a-Methyl Group on 
Tautomerism in trans-Hexahydrohydrindene Com- 


pounds. 


By R. S. THaKurR. 


Tus paper deals with the effect of an «-methyl group on the tauto- 
meric mobility and position of equilibrium in the system (I). 


CH, CH, 
H.C NEN 
©) pol al DC:CHX (X — CO,H, CO,Et, or COMe) 
2 49 
CH, CH, 
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Synthesis of the Acids, Esters, and Ketones.—These have been 
prepared by methods corresponding to those employed for obtaining 
the analogous compounds described in the three preceding papers 
and shown in the scheme below. 


Gar pes: 08t SO > Coy >C:CMe-CO,H 
(IT.) (IIT.) (VIT.) 
(V.) 
OH (C,H, 4>C:CMe-CO,Et 


cx)  “8Ha> °<CHMe-CO, Et \CgHj3>C-CHMe-CO, Bt 


C,H,,>C:CMe-COCI (TV.) | (VI.) 


(XI.) C,H ,,>C-CHMe-CO,H (vim1,) 
} i @ ) ( « CHMe-CO ‘ 
C,H ,,>C:CMe-COMe—>C,H,,>C ‘H, 19 > CHa (XII.) 


4 


A somewhat unusual observation was made during the hydrolysis 
of the By-ester (VI) with aqueous methyl-alcoholic sodium hydroxide: 
the acid isolated was the «$-acid (VII), and the unhydrolysed residue 
consisted of the pure methyl ester of the «f-acid. 

The fy-acid (VIII) obtained by hydrolysis of the Py-ester under 
mild conditions has a high iodine addition, and therefore the 
double bond is in some position other than the «8. It does not, 
however, yield pure derivatives and contains an isomeric unsaturated 
acid (not the «$-acid), which is discussed in detail later. Although 
the exaltation in the ketone (X1) is appreciably diminished on 
account of the disturbance of the conjugation by the methyl group, 
its «8-structure is established by its low iodine addition and oxida- 
tion to trans-hexahydro-2-hydrindone (IT). 

An attempt to prepare the Py-ketone, C,H,,>C*CHMe-COMe, 
from the sodio-derivative of the «$-ketone (compare Hugh and Kon, 
J., 1930, 775) was unsuccessful. Alkylation of trans-hexahydro- 
hydrindylidene-2-acetone (preceding paper) gave bad yields of 
product, but the «®- and the By-ketone both appeared to be formed; 
the separation of the semicarbazones, however, presented difficulty 
owing to their tendency to form inseparable mixtures. 


Tautomerism of the Acids, Esters, and Ketones. 
Acids.—The equilibration of the acids (VII) and (VIII) presented 
an interesting feature in that acids with the same iodine additions 
were not obtained from both (see Table II): whereas the iodine 
value for the fully equilibrated «-acid is 6%, it is about 42% for 
the fully equilibrated By-acid. The case is therefore analogous to 
that of ‘‘ hydrosorbic ” acid (Goldberg and Linstead, J., 1928, 2343). 
As there is no doubt about the purity of the «$-acid (VII), and 
as this is not affected by prolonged treatment with boiling alkali, the 
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reason for the abnormal result must be sought in the nature of the 
gy-acid (VIII). Experiment shows that this must contain some 
25% of an isomeride. For instance, if the original ®y-acid is treated 
with aqueous potash to convert the fy-acid contained in it into the 
«f-, and the mixture is then partly esterified, the ester formed contains 
the whole of the isomeride. On hydrolysis this is obtained as a 
solid, m. p. 88°. It has a high iodine addition, which is practically 
unchanged when the acid is boiled with aqueous potash for a long 
time. The position of the double bond in it, either A® or A® (XITI or 
XIV), has not yet been determined. 


CH, CH, CH, CH, 





AW\AZ\ 

ir \CH-CHMe-CO,H Ha ( \SCH-CHMe-CO,H 
H, CH a, Mt, 
(XIII.) (XIV.) 


As the potassium salt of the «f-acid is sparingly soluble in boiling 
aqueous potash, and as scarcely 4% of the fy-acid is present in the 
fully equilibrated acid, all attempts to prepare the pure Py-acid from 
the «$-acid in this way failed. There can, however, be no doubt as 
regards the position of equilibrium being 96% «8, as the results of 
equilibrations of mixtures of the «$- and the By- acid show. 

Esters.—The «$- and the fy-ester (V and VI) were equilibrated 
under Kon and Linstead’s conditions (J., 1929, 1269). The dis- 
crepancy between the two series of results (Table ITI) is seen, when 
mixtures of the two esters are equilibrated, to be due to the presence 
of an isomeric impurity in the @y-ester. The equilibrium is com- 
pletely on the side of the «$-ester, As the fy-ester could not be 
obtained in a pure state, the mobility can only be estimated and is of 
the order of 450. 

Ketones.—The position of equilibrium is coincident with the pure 
«f-ketone, since no change is observed in its physical properties and 
iodine addition on treating it with sodium ethoxide. No estimate 
of mobility is possible, but it is presumably very high. 

The above results are summarised in Table I, those for other 
cyclic compounds (CH,),>C:CRX being recorded for comparison 
(with these should be compared the values given on p. 2127), 

The results in cols, 2 and 3 show that (1) the «-methyl group consider- 
ably retards the mobility of the trans-hexahydrohydrindene esters 
and shifts the position of equilibrium to the «$-side: in the trans-8- 
decalin esters the shift is to the By-side ; (2) the retarding effect is also 
observed in the acids and the equilibrium has been shifted towards 
the «B-side; (3) in the ketones, the equilibrium is still coincident with 
the pure a8-ketone; the effect on the mobility is uncertain. 
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TABLE I. 
trans-B- 


trans-2-C,H,4>C. r= 4, r= 5, C,H,.>C 
R=H. R=Me. R=Me. R=Me. R= Me. 


96 38? 322 
0-58 0-0075 


100 88} 5} 10 
>5000 ca. 450 84 0-15 0-05 
100 64? 02 0 


Mobility —_ 3000 — 
very high 


1 Private communication from Dr. G. A. R. Kon, Dr. R. P. Linstead, and 
Mr. G. W. G. Maclennan. 2 Kon and Thakur, J., 1930, 2217. 


The most striking point emerging from these results is that, 
whereas the introduction of an «-methyl group in a neutral system, 
including those described in Part II, shifts the equilibrium towards 
the Sy-side (Abbott, Kon, and Satchell, J., 1928, 2514; Kon and 
Thakur, loc. cit.; Kon and Leton, J., 1931, 2496), this has not been 
observed in the present investigation; indeed, the displacement, 
although small, is in the opposite sense. 

From the above table, and that on p. 2127, it would appear that in 
tautomeric mobility and position of equilibrium the compounds of 
trans-8-decalin resemble those of cyclohexane more than the com- 
pounds of trans-hexahydrohydrindene do those of cyclopentane. In 
other words, the fusion of a cyclohexane ring in the 1 : 2-trans- 
position to another cyclohexane or cyclopentane ring does not pro- 
duce the same results—some factor or factors are brought into play 
to an unequal extent in the two series. No explanation can be put 
forward for this difference. It is equally difficult to explain the very 
high mobility of the trans-hexahydrohydrindene compounds. It 
would be unsound to consider the existence of strain in the latter 
(discussed in Part ITT) as partly responsible for the difference until 
the results of a similar study of the cis-hexahydrohydrindene com- 
pounds are available. 

At one time the preponderance of the «$-form in equilibrium 
mixtures of such compounds as ethyl! «-cyanocyclohexylideneacetate 
and the unsaturated nitriles was explained by the greater conjuga- 
tive power of the nitrile group in comparison with other “ activating” 
groups (Birch, Kon, and Norris, J., 1923, 1361; Linstead, J., 1929, 
2498). In the hexahydrohydrindene compounds studied, no such 
“ conjugation ” factor can be present, yet the tautomeric equilibria 
are completely on the «f-side. 

Brief reference may be made to the isomerisation of the acid 
chlorides of the unsaturated acids on distillation (compare Johnson 
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and Kon, J., 1926, 2748). In the trans-8-decalin series the «$-acid 
chloride tends to pass into the #y-isomeride, but in the trans- 
hexahydrohydrindene acids this tendency is reversed. It is an 
open question, however, whether this isomeric change is brought 
about by distillation alone or by a trace of hydrochloric acid present. 

During the present investigation, the various compounds of the 


general type CHy>C<y have been isolated in one form only. 


Similarly, no isomerism was encountered when X and Y were 
replaced by a symmetrical or an unsymmetrical ring (compare 
Kandiah, loc. cit.). This is in harmony with, and lends support to, 
the views of Hiickel and Friedrich (Annalen, 1926, 451, 132) that 
the cyclopentane ring is symmetrically placed with respect to the 
rest of the molecule. 


EXPERIMENTAL. 
Acids. 


Condensation of trans-Hexahydro-2-hydrindone with Ethyl a-Bromopropionate. 
—The ketone (282 c.c.), ethyl a-bromopropionate (252 ¢.c.), Zn (140 g.), and 
C,H, (800 c.c.) were refluxed on the steam-bath. The product was decomposed 
with ice-cold H,O and dil. H,SO,, and the aq. layer extracted once with light 
petroleum (b. p. 40—60°) instead of Et,O (this process facilitates considerably 
the separation of the aq. layer in subsequent washings). After removal of 
the solvents under diminished pressure, the product was distilled until about 
50 g. of the hydroxy-ester had been collected (b. p. 163°/15 mm.). The 
distilled fraction and the ester left in the distilling flask were hydrolysed 
separately with cold 10% aq. ale. NaOH for 24 hrs. 

2-Hydroxy-a-methyl-trans-hexahydrohydrindene-2-acetic acid (III), obtained 
from the distilled ester, crystallised from C,H,—petroleum or C,H, in plates, 
m. p. 119—-120° (Found : C, 67-6; H, 9-4; equiv., by titration, 211-9. C,,H.,.0, 
requires C, 67-9; H, 9°5%; equiv., 212-2). The acid obtained by hydrolysis of 
the bulk of the ester had the same m.p. Total yield of the hydroxy-acid, 84%. 

Esterification of the Hydroxy-acid (II1).—(i) By alcoholic hydrogen chloride. 
A mixture of the hydroxy-acid (212 g.), EtOH (250 c.c.), and 2-4N-ale. HCl 
(250 c.c.), left for 8 days at room temp., gave 10 g. of unchanged acid, 2 g. of 
a liquid, b. p. below 155°/11 mm., and 211 g. of ester, b. p. 156—157°/11 mm., 
di 1-0246, n2 1-4727, [Ry ]p 65-32. 

After the hydroxy-acid (478 g.), EtOH (400 c.c.), and 1-7N-ale. HCl (450 c.c.) 
had been heated on the steam-bath for 39 hrs., the usual treatment gave 48 g. 
of unchanged acid and 459 g. of ester, b. p. 155—156°/10 mm., d32" 1-0172, nv” 
1-4766, [R;], 66-68 (calc., 65-73). 

(ii) Ethyl 2-hydroxy-a-methyl-trans-hexahydrohydrindene-2-acetate prepared 
from the Ag salt had b. p. 154°/10 mm.,d" 1-0196, n?” 1-4710, [Rz]p 65°85 (calc., 
65-73) (Found : C, 69-8; H,9-9. C,,H,,O, requires C, 70-0; H, 10-0%). 

Dehydration of the Hydroxy-acid with Acetic Anhydride.—The hydroxy-acid 
(53 g.) was boiled with Ac,O (72 c.c.) for 3 hrs., H,O added, the excess of Ac,O 
removed under diminished pressure, and the residue treated with hot Na,CO, 
aq. The alkaline solution, after being shaken with Et,O, was acidified. The 

4a2 





2162 THAKUR: THREE-CARBON 


pptd. a-methyl-trans-hexahydrohydrindylidene-2-acetic acid (VII) was extracted 
in much Et,0; it crystallised from C,H, in clusters of small needles, m. p. 
196—197°, J 0-6% (10 mins.) (Found: C, 74:0; H, 9-1; equiv., by titration, 
193-7. C,,H,,0, requires C, 74-2; H, 93%; equiv., 194-2), sparingly sol. in 
petroleum. 

As the af-acid dissolved with difficulty in Na,CO, aq., some of it passed 
in the ethereal extract along with the neutral portion; from this it was re- 
covered, m. p. 196—197°. 

The af-acid (VII) (3 g.), dissolved in much NaHCO, aq., was oxidised at 0° 
with 3% KMnO, aq. The alkaline liquid, on extraction with Et,0, gave trans- 
hexahydrohydrindone, b. p. 88—90°/9 mm., identified by its characteristic 
odour and by the formation of its semicarbazone, m. p. 245°. 

The methyl ester (LX), obtained by refluxing the Ag salt of the af-acid with 
Mel! in Et,0, solidified on evaporation of the solvent; it crystallised from 
MeOH or hexane at 0° in large rhombic plates, m. p. 43—45° (Found: C, 75-1; 
H, 9-5. C,,H,.0, requires C, 75-0; H, 9°7%). 

The amide, C,H,,>C:CMe-CO-NH,, formed from NH, and the acid chloride 
(b. p. 163°/10 mm.) in Et,0, crystallised from C,H, in thin needles, m. p. 205° 
(Found : C, 74-4; H, 9-7. C,,H,,ON requires C, 74-6; H, 9-8%). 

The dibromide, C,H,,>CBrCBrMe-CO,H, prepared from the af-acid 
(1-94 g.) and Br (0-5 c.c.) in CHCl,, crystallised from C,H, in blades and from 
CHCI, in rhomboid plates, m. p. 182—183° (decomp.) (Found : C, 40-4; H, 4-9. 
C,,H,,0,Br, requires C, 40-7; H, 5-1%). 

Dehydration of the Hydroxy-ester (IV).—{i) With phosphoric oxide. The 
hydroxy-ester (250 g.) was left with P,O, (223 g.) under C,H, (800 c.c.) for 
3 hrs. at room temp. and then heated on the steam-bath for 4 hrs. The C,H, 
was removed under diminished pressure, the ester decanted, and the black 
residue decomposed with ice and H,O and extracted with Et,0. The extract 
and the decanted ester were washed with dil. alkali and H,O and dried. The 
dehydrated ester (213 g.; 93% yield) had b. p. 146—154°/9 mm., nj?™ 1-4866, 
J 49-9%, whence the fy(?)-ester content is 45%. 

(ii) With thionyl chloride. To the hydroxy-ester (120 g.), dissolved in pyri- 
dine (81 c.c.), thionyl chloride (39 c.c.) was added drop by drop, and the whole 
left over-night. (In all the foregoing dehydrations, 2 mols. of pyridine were 
used instead of 1 mol. by mistake.) The product, worked up in the way already 
described (p. 2153), gave 104 g. (94% yield) of dehydrated ester which, after 
redistillation, had b. p. 141—154°/9 mm. ; d34" 0-9909, n?”" 1-4856, whence [R7]p 
64-33 (calc., 63-81); J 48-9% (10 mins.), whence Py-ester content = 44%. 

Hydrolysis of the Unsaturated Ester.—The ester (365 g., b. p. 140—155°/9mm.) 
was hydrolysed with 10% aq.-alc. NaOH for 48 hrs. at room temp., the 
unhydrolysed ester (190 g.; about 52%) removed, and the acid crystallised 
from C,H,-petroleum. The af-acid (VII) separated and more was obtained 
from the mother-liquor. The acid remaining after evaporation of the solvents 
was treacly. 

Partial Esterification—The above liquid acid (130 g.), EtOH (322 c.c.), and 
N-alce. HCl (140 c.c.) were left for 48 hrs. at room temp., 70 c.c. of 15% Na,CO, 
aq. and some H,O were then added, and the EtOH was removed under 
diminished pressure. The unesterified acid (50 g., obtained on acidification of 
the alkaline layer) gave more af-acid on trituration with light petroleum. The 
ester was fractionally distilled: (i) 63 g., b. p. 135°/10 mm.; (ii) 16 g., b. p. 
136—137°/10 mm. ; (iii) 6 g., b. p. 137—140°/10 mm. After redistillation, (i) 
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had b. p. 135°/10 mm.; dj? 0-9776, n%° 1-47496, whence [R,]p 63-98 (calc., 
63-81); J 82-8% (10 mins.), 89-5% (30 mins.), 93-39% (60 mins.). Hence it 
contained about 89% of the Py-ester. 

The above ester (76 g., b. p. 135—137°/10 mm.) was hydrolysed with cold 
10% NaOH solution (80 c.c. of 40% NaOH aq. and the rest MeOH). After 
36 hrs., the MeOH was removed below 35° under diminished pressure, and the 
residue worked up in the usual way; 57 g. of solid af+acid and 14 g. of un- 
hydrolysed matter were obtained. The latter was distilled: (i) 1-5 g., b. p. 
130—146°/10 mm.; (ii) 12 g., b. p. 148—149°/10 mm. Both fractions 
crystallised, and separated from n-hexane in plates, m. p. 43—456°. The 
substance was identified as the methyl ester (IX) of the af-acid by hydrolysis 
to the af-acid, m. p. and mixed m. p. 196—197° (Found: C, 74-8; H, 9-6. 
Cale. for C,,H..0,: C, 75-0; H, 9-7%). 

The unchanged liquid acid from the above partial esterification was shaken 
with cold NaHCO, aq. The alkaline solution, after extraction with Et,O, gave 
an acid, b. p. 167—169° (decomp.)/10 mm. and 154—165°/1—2 mm. This 
was impure a-methyl-trans-hexahydroindenyl-2-acetic acid (Found: C, 73-9; H, 
9-0; equiv., by titration, 194-3. C,,H,,O, requires C, 74:3; H, 9:1%; equiv., 
194-2). 

Reference Curve.—The iodine additions (J) of the aB- and By-acids and their 
mixtures were determined by the method of Linstead and May (J., 1927, 
2565), with the modifications already described (p. 2132). The solution of the 
By-acid was slightly turbid, probably on account of slight decomposition 
during distillation. Moreover, it contained the isomeric impurity mentioned 
above, which had nearly the same high iodine addition. 

0 10 25 50 75 90 100 
84°5 74°5 54°8 30-9 13-6 1 

Equilibrations.—The af- and By-acids and their mixtures were heated with 

KOH aq. The results are in Table II. 


TaBLe II. 
Time, 
Expts. Acid. KOH, %. Temp. hrs. M. 
By [10] x 25 100° 20 
45 
102 
170 


%9 99 29 


99 9° > 


& St St ~3 Go 


SAKE RIS SaN 
I OW ORR 9 oo de 


’ * * 266 
» [15] x B, p. 100 
a [15] x 2 2, 117 
6&7 [16] x uA 168 
By [20] x 2 292 
ap [20] x 75 
és {20] x 96 
ss [34] x 2 292 
13% : 
8760 6 [20] x 
30-5% B , 
69:5% aps " 4 
15 50% By 19 
508, ap} 4 


> Ci Co bho 


_ 
> 
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Neo ¢ 
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The fy-acid used in the last three expts. had b. p. 153°/1 mm. and did not 
give a pure amide. 
The recovery of the equilibrated acid in all cases was very good, exceeding 
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85—90%. In certain expts., all the af-acid in the equilibrated acid mixture 
could not be made to react with Na,CO, aq. and some of it passed into the 
ethereal solution on extraction: when recovered, it had m. p. 195—196°. 

It is clear from the results that boiling KOH aq. does not produce any 
structural change in the acids other than that from fy to af or vice versa, The 
rate of change of these acids is much slower than that of the unsubstituted 
acids (compare p. 2154). The position of equilibrium is about 96% af. 

Isolation of the Isomeric Impurity (XIII or XIV).—The liquid y-acid 
partly crystallised after distillation. The solid acid (m. p. 64—72°) was re. 
moved, and the filtrate (14 g.) boiled with KOH aq. for 64 hrs. The acid 
recovered from the alkaline liquid was treated with hot Na,CO, aq., 0-9 g. of 
the af-acid remaining undissolved. The acid (12-8 g.) was again recovered 
and ultimately, by trituration with hot hexane and partial esterification, 1-49 g. 
of the acid (XIII or XIV) were obtained, J 79-5% (Found: equiv., 193-7, 
C,,H,,0, requires equiv., 194-2). 

This acid, however, was best obtained by partial esterification of the solid 
acid, m. p. 64—72°, or of the fully equilibrated By-acid. The ester thus 
obtained was treated with an excess of approx. N-NaOEt for 1 hr. to 
convert the By- into the a8-ester and was then hydrolysed. The af-acid was 
easily removed on account of its sparing solubility. The acid (XIII or XIV) 
crystallised from hexane in clusters of prismatic needles, m. p. 89—90° after 
sintering (Found: C, 73-9; H, 9-1; equiv., by titration, 193-7. C,,H,,0, 
requires C, 74:2; H, 93%; equiv., 194-2). The amide crystallised from 
AcOEt—petroleum (b. p. 60—80°) in flat needles or thin plates, m. p. 185— 
186° after sintering (Found: C, 74:3; H, 9-7. C,,H,,ON requires C, 74-6; 
H, 9-9%). 

Esters. 

Preparation of Ethyl a-Methyl-trans-hexahydrohydrindylidene-2-acetate (V). 
—The NH, salt of the af-acid (VII) was very sparingly sol. in H,O, crystallising 
even from a hot solution. Ethyl a-methyl-trans-hexahydrohydrindylidene-2- 
acetate, formed by the action of EtI on the Ag salt, had b. p. 154°/10 mm.; 
d?" 1-0014, n®” 1-4963, whence [R;], 64-85 (calc., 63-81); J 0-8% (10 mins.) 
(Found: C, 75-5; H, 9-8. C,,H,,0, requires C, 75-6; H, 10-0%). 

Ethyl a-methyl-trans-hexahydroindenyl-2-acetate (VI) was obtained by 
partial esterification of the liquid By-acid for 8 hrs. After redistillation it had 
b. p. 134°/10 m.; d?” 0-9792, n7?” 1-4748, whence [Rz]p 63-86 (calc., 63-81); 
J 87-8% (10 mins.) (Found: C, 75-4; H, 9-9. C,,H,,0, requires C, 75-6; -H, 
10:0%). This ester contained about 10% of an isomeric ester (not af-ester). 


Reference Curve.— 
% 10 20 30 40 
83-7 78:8 72-3 64-2 
70 80 90 100 
34-7 23-5 12-3 0-4 


Equilibrations.—The af-, By-esters and their mixtures were treated with 
NaOEt in Ca-dried EtOH. The results are in Table III. 

The recovery of the esters exceeded 80% in all cases and the b. p. was never 
higher than that of the pure af-ester. The physical properties and the iodine 
addition of the af-ester are scarcely changed by treatment with NaOEt. The 
lower refraction of the fully equilibrated fy-ester is noteworthy, indicating 
the presence of the isomeric unsaturated impurity. The position of equilibrium 
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is 100% af. As the fy-ester was not quite pure in the above experiments, the 
value of the mobility, 10* x (k, + k,) min.“1, is approx. 450 and represents a 
lower limit. The half-change period, from the mobility curve, is about 15 


mins. 
TaBxe III. 
Time, Comp., 
Ester. N-NaOEt. Temp. hrs. dy. nm. J,%. % af. 
By Theo. 25-3° 0-17 0-9873 1-4829 64:8 39-5 
0-33 0-9928 1-4872 45-1 60 
0-5 0-9956 1-4902 31-7 73 
0-66 0-9982 1-4921 22-3 81 
0-9998 1-4938 16 86-5 
10004 1-4942 14 88-5 
1:0002 1-4936 ° 85 
10011 1-4946 2 90 
10004 1-4947 ; 91 
10011 1-4946 2 90 
1-0007 1-4962 ’ 99-5 
10008 1-4961 “9 99-7 
10007 1-4962 of 99-7 
1-0007 1-4962 of 99-7 
10008 1-4961 . 100 
10014 1-4962 ° 99-5 
%” 9? ’ 1-0014 1-4962 99-5 
497% l One ; ‘ ‘ 
soe ty } Excess 25+ 1-0002 1.4949 92-5 
69-7% aB : ORS 4 
30-39, By - - 10008 1-4958 3-9 97 
90-4% aB) 
96% By f s° %° ’° 
In Expt. 15, the af-ester recovered from Expts. 16 and 17 was used. 


’” 9° ’” 


%? 


%? 


1:0007 1-4960 2-9 98 


Ketones. 

a-Methyl-trans-hexahydrohydrindylidene-2-acetone (XI).—a-Methyl-trans- 
hexahydrohydrindylidene-2-acetic acid (32 g.) was treated with thionyl 
ehloride (18 c.c.) at room temp. and later for 15 mins. on the steam-bath. On 
removal of the excess of thiony! chloride under diminished pressure, the acid 
chloride crystallised; b. p. 163°/10 mm., m. p. 40—115° owing to conversion 
into the af-acid in air. The acid chloride in dry toluene was treated with 
ZnMeI in the usual way. After decomposition with ice, the product was 
diluted with Et,0, and the filtered solution washed successively with sat. 
(NH,),SO, aq., very dil. NaOH aq., H,O, dil. HCl aq., and H,O and dried. 
After evaporation of the solvents, the ketonic product (80% yield) distilled at 
148°/10 mm. and readily gave a semicarbazone, m. p. 206°, which was sparingly 
sol. in all solvents and separated from MeOH in very small crystals, m. p. 
206—208° (decomp.) (Found: C, 67-5; H, 9-2. C,,H,,ON, requires C, 67-4; 
H, 93%). The alkaline washings gave the af-acid (VII). 

The ketone (XI) regenerated from the semicarbazone by steam-distillation 
with oxalic acid had b. p. 144—148°/9 mm.; d?" 0-9839, nf” 1-5120, whence 
[Rz]p 58-61 (cale., 57-53); J 1-8% (5 mins.), 26% (10 mins.) (Found : C, 81-1; 
H, 10-2. C,H, O requires C, 81:3; H, 10-4%). The ketone was sparingly 
volatile in steam and was not completely regenerated with oxalic acid. In 
later regenerations, therefore, hot dil. H,SO, was used and the ketone was 
extracted with Et,O. 

Ozonisation. The ketone (XI) in CHCl, was treated with ozonised oxygen 
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at 0°, and the ozonide freed from the solvent. trans-Hexahydro-2-hydrindone 
(b. p. 87—92°/10 mm.; semicarbazone, m. p. and mixed m. p. 243°) was 
isolated by steam-distillation of the ozonide and subsequent extraction with 
Et,0. The residue from the steam-distillation was neutral to litmus, insol. 
in hot H,O, and very sparingly sol. in EtOH; it crystallised from light petrol. 
eum (b. p. 60—80°) in fern-shaped crystals, m. p. 194—195° (violent decomp.) 
[Found : C, 69-8; H, 8-8. (C,H,,0,), requires C, 70-1; H, 9:1%]and appeared 
to be the perowide of trans-hexahydro-2-hydrindone. 

Condensation with ethyl sodiomalonate. The ketone (XI) (3-84 g.) was 
refluxed with ethyl malonate (3-2 g.) and NaOEt (0-46 g. Na in 14 c.c. EtOH) 
for 2 days. The uncondensed ketone gave the semicarbazone (4 g.), m. p. 
204—205° (decomp.). The dihydroresorcinol ester was a reddish-brown 
viscous mass, and on hydrolysis with 20% KOH aq. 2-methyleyclohexane-3 : 5. 
dione-1(2’)-spiro-trans-hexahydrohydrindene (XII) (0-6 g.) was obtained, which 
crystallised from C,H,-petroleum (b. p. 60—80°) in rectangular plates, m. p. 
164—165° (Found: C, 76-8; H, 9-3. C,;H,,0, requires C, 76-9; H, 9-4%). 

Attempt to prepare the By-Ketone (compare Hugh and Kon, loc. cit.).—The 
sodio-derivative of the aB-ketone (XI) (6-6 g.) was treated with benzoic acid 
as described on p. 2157. The product gave a semicarbazone, m. p. 213°, and 
222° after recrystn. from EtOH, which did not depress the m. p. of the semi- 
carbazone of the parent ketone nor that of the semicarbazone of trans-hexa- 
hydrohydrindylidene-2-acetone (Found: C, 67:0; H, 9-0. C,,H,,ON, 
requires C, 67-4; H, 9-3%). The ketone regenerated from the semicarbazone 
with dil. H,SO, decolorised alkaline KMnO, aq., the odour of trans-hexahydro- 
2-hydrindone becoming perceptible. 

In another experiment in which the benzoic acid solution was added to the 
sodio-derivative of the ketone (XI) (6 g.) without filtration of the residual Na, 
the smell of the product was quite unlike that of the parent ketone. The 
semicarbazone was boiled with MeOH : the residue had m. p. 203—206° and 
was evidently derived from the parent ketone; the solution deposited plates, 
m. p. 180—183°. After recrystallisation the semicarbazone of trans-hexahydro- 
hydrindy1l-2-acetone had m. p. 180° after sintering (Found : C, 67:0; H, 10-0. 
C,,H,,ON, requires C, 66-9; H, 10-0%). It depressed the m. p. of the By (*)- 
semicarbazone (m. p. 172°) obtained by methylation (mixed m. p. 146—152°). 

Methylation of trans-Hexahydrohydrindylidene-2-acetone (compare Kon, J., 
1926, 1792).—The ketone (15 g.) was added to “ molecular ’’ Na (2 g.) under 
dry Et,0; after the reaction had abated an excess of Mel was introduced, and 
the whole refluxed on the steam-bath for 3 hrs: The filtered, washed (H,0, 
dil. H,SO,, and H,O), and dried liquid was distilled, leaving a considerable 
residue and giving fractions (i) 3-5 g., b. p. 131—138°/11 mm., (ii) 2°8 g., b. p. 
139—143°/11 mm., and (iii) 2 g., b. p. 143—147°/11 mm. 

The semicarbazone (m. p. 185—200°) from (i) was crystallised from EtOH. 
The solution deposited crystals, m. p. 160—180°, and the residue (m. p. 213°) 
was again boiled with EtOH, giving crystals, m. p. 218—220° (with consider- 
able shrinking from 208°) (Found: C, 66-9; H, 9-0. C,,H,,ON, requires 
C, 67-4; H,9-3%. C,,;H,,ON, requires C, 66-4; H, 8-9%). 

The semicarbazone (m. p. 2083—206°) from (ii) was crystallised from abs. 
EtOH; m. p. 212° after shrinking. 

The semicarbazone (m. p. 198—203°) from (iii) when crystallised from abs. 
EtOH, melted at 213—214°, leaving a residue, m. p. 210° (Found : C, 67/2; 
H, 9-0%). 
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The ketone regenerated from the sparingly sol. semicarbazone (4 g.) from all 
the above fractions by steam-distillation with dil. H,SO, had b. p. 145—146°/ 
11 mm., d%* 0-9770, n® 1-5092, and J 4:7% (10 mins.). 

In another experiment, trans-hexahydrohydrindylidene-2-acetone (10 g.), 
when similarly methylated, gave two fractions: (i) 2-4 g., b. p. 130—140°/10 
mm., (ii) 2-2 g., b. p. 140°/10 mm. The semicarbazone (m. p. 185—195°) from 
(i) was crystallised from MeOH. The residue melted at 206—208°, and from 
the solution two crops were obtained after 20 mins. and 24 hrs. After a few 
erystns., the second crop crystallised from MeOH in flat needles or elongated 
plates, m. p. 175—177° (Found: C, 67-2; H, 9-4, C,,H,,ON; requires 
C, 67-4; H, 93%). The semicarbazone (m. p. 198°) from (ii) crystallised 
from MeOH in cubes, m. p. 206—208°, and only a very small quantity of 
the low-melting semicarbazone could be obtained from it. 

The semicarbazone (0-75 g.),m. p. (170—175°) was shaken with N/2-H,SO, 

and light petroleum (b. p. 40—60°) for 2 weeks (Kon, J., 1930, 1616). As 
most of it remained unhydrolysed, the ketone was regenerated with an excess 
of oxalic acid by steam-distillation. It had b. p. 138°/10 mm., nj$7 1-4879, 
J 81-2% (10 mins.), and an odour quite distinct from that of the af-ketone 
(XI). 
Ethylation of trans-Hexahydrohydrindylidene-2-acetone.—This was done in 
the same way as the methylation. The orange colour of the solution did not 
disappear, as it did in the methylation. After refluxing for 8 hrs., the ethyl- 
ated product (from 11 g. of the ketone) was steam-distilled and converted into 
the semicarbazone (1-4 g., m. p. 180—196°), which was boiled with MeOH. 
The readily sol. part separated in gritty crystals, m. p. 153° (Found : C, 68°1; 
H, 9-3. C,,H,,ON, requires C, 68-4; H, 9-6%), and 135—140° when mixed 
with the a-methyl]-fy ( ?)-semicarbazone (m. p. 167—172°). The sparingly sol. 
part, m. p. 215°, had m. p. 225° after further crystns. (Found: C, 67-0; H, 
91%), and did not depress the m. p. (222°) of the semicarbazone of the original 
ketone. 

The ketone obtained from the residue in the steam-distillation flask had b. p. 
147°/10 mm. and gave a semicarbazone, m. p. 152—158° after crystn, from 
MeOH. 

Equilibrations.—trans-Hexahydrohydrindylidene-2-acetone (6:25 g.) was 
treated with N-ale. NaOEt under Kon and Linstead’s conditions. After 5 
mins,’ treatment, the ketone had b. p. 142—144°/9 mm., d;" 0-9854, nf” 1-5120, 
and J 2-8% (10 mins.); after 1 hr. it had b. p. 143—144°/9 mm., d7*” 0-9848, 
ny 1-5120, and J 2-8%. 

A few drops of the By ( ?)-ketone, obtained from the lower-melting methyl- 
ated semicarbazone, were treated with a large excess of NaOQEt, The product 
gave a semicarbazone, m. p. 176—180° after crystn. from MeOH, which did 
not depress the m. p. of the semicarbazone of the original By ( ?)-ketone. 


The author’s thanks are due to the King Edward Memorial 
Society of the Central Provinces, Nagpur, for a Foreign Scholarship 
and grants and to Professor J. F. Thorpe, C.B.E., Dr. G. A. R. Kon, 
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301.—Studies in Stereochemical Structure. Part IV. 
Esters of (—)Menthol and the (—), (+), and 
r-Mandelic Acids. 


By Ropert ROGER. 


THE esters of (—)menthol and the three mandelic acids [(—), (+), 
and r-] have long been known and are well-defined crystalline solids 
(McKenzie, J., 1904, 85, 378, 1254; McKenzie and Thompson, J., 
1905, 87, 1021; Findlay and Hickmans, J., 1907, 91, 910; J., 1909, 
95, 1386; McKenzie and Miiller, J., 1907, 91, 1817; McKenzie and 
Wren, J., 1920, 117, 680; McKenzie and Smith, J., 1923, 123, 
1962). McKenzie (loc. cit.) was unable to separate the r-mandelic 
ester into diastereoisomerides by intensive crystallisation, but found 
it to be a well-defined, homogeneous compound and not a simple 
mixture. 

With a view to study the physical nature of this ester and the 
relationships of the asymmetric centres in the three esters, an in- 
vestigation was made of the rotatory dispersions of the following 
compounds: d(—)-mandelic acid,* ethyl d(—)-mandelate, and the 
(—)menthyl esters of the three mandelic acids. The rotatory 
powers were determined for 5—8 wave-lengths between 26708 and 
4358 in various solvents, and within a temperature range of 40°. 
Rupe’s criteria were applied in all cases, and showed that the dis- 
persion of menthyl r-mandelate differs from those of the d- and 
l-esters. 

Dispersion of d(—)-Mandelic Acid.—This acid was examined in 
acetone, ethyl alcohol, water, and chloroform, and the rotatory 
powers were very similar except in the last : 


CMe,0. EtOH. H,0. CHC),. 
he Es — 158° —154-5° — 157-5° — 188° 


Lewkowitsch (Ber., 1883, 16, 1567) found [«];.9, —187-44° (p = 175) 
for this acid in acetic acid, a value very close to that in chloroform. 
The rotatory power increases with decreasing temperature; for 
instance, in chloroform : 


DP Léstavtessacesests 2° 20° 39° 
[a] gos +ss+ecscceee — 205° — 187-9° — 177-8° 


The values from 26563 to 24861 could be expressed by one-term 


* The terminology d(—)-mandelic acid is used to designate levorotatory 
mandelic acid in accordance with the views of Freudenberg and Markert and 
of Clough. This terminology was also adopted formerly (Roger, Helv. Chim. 
Acta, 1929, 12, 1060; Biochem. Z., 1931, 230, 320; Roger and McKay, J., 
19381, 2229). 
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Drude equations, but in certain solvents divergency was apparent 
for 14358. Thus, in chloroform : 


[a] = 55-24/(A, — 0-05319). 


A seccccees 6563 5893 5461 5109 4861 4358 
[a], obs. — 146-6° — 187-9° — 224-6° — 265-5° — 303-7° — 409-5° 
fa], calc. —146-3 — 188-2 — 225-4 — 266-1 — 301-6 — 403-7 


The Rupe criteria (see Hagenbach, Z. physikal. Chem., 1915, 89, 
570; Rupe, Annalen, 1915, 409, 327; Rupe and Akermann, ibid., 
1920, 420, 1; Rupe, ibid., 1922, 428, 188; Roger and McKay, 
J., 1931, 2229) were calculated on the data between 16563 and 
24861 : 


Solvent.  A,2(D.A.). Ap. da. P.R.D. @(falyser/faleses): 
CMe,0 ......... 0:05746  0-2397 634 152 2-082 
MS is oieieceods 0:05319  0-2307 636 147 2-072 
aaa 0:05379  0-2320 639 148 2-063 
gel EBS 0-04764  0:2183 646 141 2-045 


These figures are very consistent except that there is a slight lower- 
ing of the P.R.D. and a corresponding increase in the 2, for the 
aqueous solution. From consideration of the various facts, the 
dispersion of d(—)-mandelic acid is not simple but normal and complez ; 
the differentiation between simple and complex dispersion, however, 
is sometimes difficult (compare Lowry and Richards, J., 1924, 125, 
1593; Lowry and Lloyd, J., 1929, 1771). 

Simple Esters of d(—)-Mandelic Acid.—Wood, Chrisman, and 
Nicholas (J., 1928, 2180) have described the dispersions of the 
isomeric butyl mandelates in the homogeneous states at various 
temperatures as “‘ normal and complex.” From their figures, the 
various dispersion criteria have been calculated from the standpoint 
of Rupe’s views : 


Ester. A,” (D.A.). ro: Aa. P.R.D. — [a]gse1/[e]eses> 
n-Butyl ......... 0-06498 0-2549 625 159 2-123 
isoButyl ......... 0-06680 0-2584 623 161 2-144 
tert.-Butyl ...... 0-06494 0-2549 625 159 2-133 
d-sec.-Butyl ... 0-07216 0-2689 613 165 2-182 


Clearly the substitution of the various butyl radicals causes little 
change in the dispersions. Of especial interest is the d-sec.-butyl 
ester, in which two centres of asymmetry appear. The P.R.D. for 
this compound is increased, whilst 2, is depressed, when compared 
with the other butyl esters. This depression is, however, hardly 
sufficient to warrant the application of the term “ relative anomaly ” 
originated by Rupe.* 

* Rupe and Kagi (Annalen, 1920, 420, 33) define this term as follows: 
“ Anscheinend normaler Verlauf der Kurve 1/[{a] iiber * gibt gerade Linien, 


aber A, und A,” weichen stark (ersteres wenigstens um -+-15 yu) von den fir die 
betreffende Kérperklasse geltende Normalzahlen ab.” 
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The dispersion of ethyl d(—)-mandelate has now been measured 
at 40° and 25°: 
Homog. CMe,0. CHCI,. EtOH. 
[a]ssos — 862° — 126° — 104° 


In chloroform the value of [«];.5, at 25° was —126° and at 2° it was 
—138°. The dispersion criteria were as follows : 
Apt (D.A.). Age da. P.R.D. q. 
0-05840  0-2417 632 153 2-086 
006154 0-2480 625 155 2-132 


0-06109 0-2472 630 156 2-104 
004497 0-2121 649 138 2-023 


The value for 2, in ethyl alcohol is much higher than the average 
(629) for the other solvents, and the P.R.D. is correspondingly 
lower. The constants for the homogeneous state and for acetone 
and chloroform solutions are in close agreement with those cal- 
culated from Wood, Chrisman, and Nicholas’s figures for the 
isomeric butyl esters in the homogeneous states. The dispersion of 
ethyl d(—)-mandelate is normal and complex, as in the case of the 
butyl esters. 

Wood, Such, and Scarf (J., 1926, 1928) have described the dis- 
persions of certain esters of the optically active lactic acids as 
normal and complex. Calculation of the dispersion criteria from their 
figures shows that in this case the complexity of dispersion is of a different 
nature from that displayed by the esters of d(—)-mandelic acid. (More- 
over, the effect of temperature on the rotations of the two classes of 
ester is also different.) 


Ag? (D.A.). Age da. P.R.D. q. 
n-Propyl lactate ... — 0-01818 --- 735 — 1-773 
n-Butyl lactate ... — 0-02412 _- 766 —- 1-747 
Here the need for a two-term Drude equation for the expression of 
the dispersions is obvious. The dispersion coefficient (q) is below 
the value for simplicity (1-87) in each case. The negative values 
for the dispersion parameters are interesting (see Lowry and Owen, 
Trans. Faraday Soc., 1930, 31,374). Rupe has given a few examples 
of negative 4,” (compare Freudenberg and Rhino, Ber., 1924, 57, 
1547). These negative values seem to arise only in certain types of 
complex dispersion. 

This more marked complexity of dispersion in the lactates may 
be the result of substitution of the unsaturated pheny! group for the 
methyl group in glycollic acid. It is also of interest that mandelic 
acid does not obey the “ amide rule” of Hudson. Kuhn (Ber., 
1930, 63, 191) and Kuhn and Freudenberg (Ber., 1931, 64, 703) 
have shown that mandelic acid has a strong absorption band in the 
near ultra-violet due to the phenyl group. This group is highly 
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anisotropic, and thus the rotation of derivatives of mandelic acid is 
not controlled by the anisotropy of the carboxyl group as in the case 
of derivatives of sugar acids. Possibly this explanation also accounts 
for the different results which are discussed later in connexion with 
superposition with the lactates and the mandelates. 

Mandelates of (—)Menthol.—The dispersions of the (—)menthyl 
esters of d(—)-, 1(+-)-, and r-mandelic acid were measured in various 
solvents. 

(—)Menthyl d(—)-mandelate. In the solvents used this ester 
was levorotatory, and the rotations were affected by solvent and 
temperature : 


CMe,0. C,H,. CHCI,. CS,. EtOH. 
feleocs > —114:3° — 335-77 ‘= 140-3° — 166° — 138-3° 



















In carbon disulphide, [«]5, was —166° but it increased to —176° 
at 2°. 

In acetone and benzene one-term Drude equations served to ex- 
press the dispersions between the wave-lengths 6563 and 24358 ; 
in other solvents, however, a small divergency appeared, e.g., for 
carbon. disulphide : 

























wocsscee 6563 5893 5461 5106 4861 4358 
a], obs. — 130-99 — 166° — 199-5° — 236-5° — 267-3° — 360-2° 
a — 128-9 — 166-5 — 199-5 — 235-6 — 266-9 — 356-7 
















The dispersion criteria were : 


















d,? (D.A.). x | P.R.D. q. 
CMe,0  ......eseeeeeee 0-04969 00-2230 646 144 2-031 
MR a siteekss checks 005613 02369 637 151 2-071 
ere 0-05224 0-2285 639 146 2-066 
NN recaiin scvsatonon 0-05225  0-2286 642 147 2-043 







bictvecivedebiie 0:04146 0-2036 666 136 1-988 








Once again, in ethyl alcohol, there is a marked departure from the 
average of the P.R.D. in the other solvents. It is interesting to 
compare the Rupe criteria for this ester with those of (—)menthol 
and d(—)-mandelic acid. The average P.R.D. and 2, for the 
acid are respectively 150 and 635, and for (—)menthol 104 and 683. 
From this it seems that it is the d(—)-mandelyl complex of the 
(—)menthy] d(—)-mandelate which is the dominant factor in the 
rotatory power of the ester. The dispersion is normal and complex. 

(—)Menthyl 1(+-)-mandelate. This ester was levorotatory in 
acetone and ethyl alcohol, but dextrorotatory in benzene and carbon 
disulphide. In chloroform at 25° it was levorotatory for 16563, 
the rotatory power was practically zero at 6162, and for shorter 
wave-lengths it was dextrorotatory; with increase of temperature 
the point of zero rotation was displaced towards the violet region : 














2172 ROGER : 


t. A=6708 6563 6162 5893 5461 5106 4861 4358 
— 14° + 2-3° + 3-0° + 62° + 88° +13° + 17-8° 
+ 2 + 1-7 +4 + 7 + 10-5 
25 —1-4 ‘9 —0-06° + 0-7 +28 + 569 + 94 + 21:2° 
34. —1-7 , 0 + 1-8 
52 . — 1-93 0 + 33 
Similar results have been obtained by other authors (Pope and 
Winmill, J., 1912, 101, 2309; Frankland, Trans. Faraday Soc., 
1914, 10, 143; Wood and Nicholas, J., 1928, 1671; Lowry, J., 1929, 
2858; Freudenberg and Rhino, loc. cit.). 
In ethyl alcohol (—)menthyl /(+-)-mandelate is levorotatory, but 
a maximum is reached at 25106 and thereafter the rotatory power 
decreases with decreasing wave-length : 


5893 5461 5106 4861 4358 
— 9-12° — 105° —11-138° — 112° — 10-26° — 6-1° 


Tschugaev (Ber., 1911, 44, 2023) gives rotation curves of an exactly 
similar type for (—)menthyl (+-)-8-camphorsulphonate, which is 
the classical example of the so-called ‘“‘ intramolekulare Anomalie.” 

In carbon disulphide, (—)menthyl /(+-)-mandelate manifests its 
largest rotatory power and is normal and complex in dispersion as 
far as examined. Application of the equation [«] = 6-901/(2? — 
0-1307) showed that the observed and calculated values for the 


rotatory power agreed between 26563 and 25106, but thereafter 
diverged rapidly : 


6563 5893 5461 5 
+ 23° 4+31-8° + 416° +52-:9° + 639° + 97-3° 
+ 53-1 


106 4861 4358 


[a], cale. -+ 23 + 31-9 + 41-2 ‘ + 65-4 + 116-5 


In all other solvents there was no agreement between observed and 
calculated values for the rotatory powers on the basis of a one-term 
equation. The Rupe criteria emphasise the anomalous behaviour 
of this ester : 
Az (D.A.). Ay a P.R.D. q. *4 x 10°. 
vs» — 007858 — 993 -- 1-604 7-08 
0-1683 0-4103 530 218 4-905 18-2 
0-2412 0-4911 520 256 — 11:3 43-9 
0-1307 0-3615 547 198 3-502 27-9 
— 0-7700 — 2088 — 1125 549 


* See Rupe, Héritier, and Schaefer, Annalen, 1927, 459, 324. 


The dispersion coefficient, P.R.D., and 2, show a very wide 
range. The dispersion of the ester is complex and in certain solvents 
anomalous. 

(—)Menthyl r-mandelate. Temperature and solvent had little 
effect on the rotatory powers : 


CMe,0. C,H,. CHC). CS,. EtOH. 
[a]ss00 =  — 70° — 65-3° — 70-2° — 64-2° — 73+2° 
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In ethyl alcohol, [«];.9, = — 74:1°, —73-2°, and — 72-6° for t = 3°, 
25°, and 33°, respectively. 
One-term Drude equations sufficed to express the dispersions in 
all solvents; e.g., for carbon disulphide : 
6162 5893 5461 5106 4861 4358 
[a], obs. ...... — 51-3° — 584° — 64:2° — 75-6° — 87-8° — 97-6° — 124-7° 
[a], calc. ...... — 513 —585 — 643 — 758 — 87-7 — 97-7 — 1247 
The Rupe criteria indicate that there is a definite difference between 
the dispersion of this ester and those of the other two menthy] 
mandelates : 
Ap? (DA). Ags da: P.R.D. q: 
0-02583 0-1608 680 109 1-930 
0-02223 0-1491 682 102 1-927 
0-01835 0-1578 682 107 1-922 
0-02249 00-1499 688 103 1-904 
0-02949 = 0-1717 670 115 1-962 
Here again the solution in ethyl alcohol shows a displacement of 
the P.R.D. and 2, from the average in the other four solvents. 
The value of g is very close to that corresponding to simplicity, and 
the small variation of the rotatory power of this ester with tem- 
perature and solvent * and other facts all point to its dispersion 
being simple. The dispersion of (—)menthol and of (—)menthy] 
benzoate has been described by Rupe and Akermann (loc. cit.) and 


Lowry and Abram (J., 1919, 115, 305) as simple; the ester was 
therefore prepared and the Rupe criteria calculated for it in order to 
make a direct comparison with (—)menthyl r-mandelate: the 
figures for the two esters are very close. 


(—)Menthyl benzoate. 

Ao? (D.A..). Ao- Aa P.R.D. q: 
0-0255 0-1597 682 109 1-922 
0-0285 0-1687 678 114 1-933 
0-0333 0-1825 673 123 1-945 


Once again, ethyl alcohol is exceptional as a solvent. 

It will be seen that the dispersions of the three methyl mandelates 
vary considerably. That of the r-mandelate is simple, whilst that 
of the d(—)-mandelate is normal and complex; the dispersion of 
the l(+-)-mandelate is complex but to a much greater extent than 


* Frankland and Garner (J., 1919, 115, 636) summarise the position as 
regards these factors as follows: “‘ In cases of normal dispersion the rotation 
value is little influenced by solution, change of temperature, and substitution. 
On the other hand, in cases of anomalous dispersion, the rotation is markedly 
affected by solution, change of temperature, and substitution. Between these 
two classes of substance, there are, of course, intermediate types.” These 
authors found in the case of certain esters of tartaric acid that anomaly of 
dispersion could be made to disappear by alteration of temperature conditions 
(see also Wedekind and Maiser, Z. Hlektrochem., 1929, 35, 438). 
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that of the d(—)-mandelate, and in certain solvents is definitely 
anomalous. This difference is not unexpected, for Tschugaev (loc. 
cit.) has shown that the (—-)menthyl ester of (-+-)-§-camphorsul- 
phonic acid displays a “totale intramolekular Anomalie”’ arising 
from the presence within the molecule of two asymmetric centres of 
different dispersive powers and of opposite influence. The dis- 
persion, however, of the (—)menthyl ester of (—)-8-camphor- 
sulphonic acid is normal, Rupe and Kagi (loc. cit.) found that, of 
the (—)menthyl esters of (—), (+), and dl-(diphenylmethy])aceto- 
acetic acids, only the ester of the (+) acid showed a “ relative oder 
komplexe Anomalie.” The dispersions of the other esters were 
normal : 
(—)Menthy] ester 
of Ap? (D.A.). Ag RD. 
0:04875 0-2209 


9. 
— 0-01787 ~~ 1- 
0-02772 0-1665 679 1- 


These results are very similar to those now obtained for the menthyl 
mandelates. The values for the P.R.D. and 2, of the ester of the 
dl-acid are very similar to those of (—)menthol. With regard to the 
ester of the (+)acid, Rupe and Kagi have not realised the true 
‘‘intramolekulare Anomalie”’ of Tschugaev, but they only carried 
out their measurements in benzene solution. Measurements in 
other solvents, such as have now been used with the menthyl 
mandelates, might also have revealed a true anomaly of dispersion 
in the case of (—)menthy] d-(diphenylmethyl)acetoacetate. 

The complex and anomalous dispersion of (—)menthyl /(+)- 
mandelate may, therefore, be due to the presence of oppositely 
active centres of asymmetry in the one molecule (see Lowry and 
Cutter, J., 1925, 127, 604) and constitutes another example of the 
“intramolekulare Anomalie”’ of Tschugaev. The dispersion of 
(—)menthol is simple and that of /(-+-)-mandelic acid almost simple, 
but the dispersive powers of these two parts of the ester molecule 
are different and opposite in influence. The two centres of asym- 
metry, however, are linked together by a carboxyl group, and it is 
possible that the dispersion of the menthyl mandelates is complicated 
by an induced asymmetry arising in the carbonyl constituent of 


the carboxyl group, thus, CoHyCH(OH)-9-0C oH yo, Induced 


asymmetry of the «-ketonic group has been advanced as an 
explanation of mutarotation phenomena observed with the 
(—)menthyl and other esters of «-ketonic acids by McKenzie and 
his co-workers (McKenzie and Mitchell, Biochem. Z., 1929, 208, 456, 
471; 1930, 224, 242; McKenzie and Ritchie, ibid., 1931, 231, 412; 
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237,11; compare Lowry and Cutter, J., 1925, 127,604). Richards 
and Lowry (J., 1925, 127, 1503) have shown that elimination of the 
ketonic group in derivatives of camphor may lead to such a modi- 
fication in the complexity of dispersion that it becomes almost 
simple. 

It is therefore possible that in (—)menthyl /(+-)-mandelate or 
(—)menthyl d(—)-mandelate there are three centres of asymmetry, 
two fixed and one induced. In the latter ester this induced centre 
of asymmetry is probably of the same influence as the two centres 
of fixed asymmetry (viz., levo-). In the former, however, this 
centre of induced asymmetry is under the influence of two antagon- 
istic centres and may be controlled by the fixed centre of most domin- 
ant character. The Rupe criteria show that the rotatory power of 
the (—)menthy] d(—)-mandelate is dominated by the d(—)-mandelyl 
complex, the (—)menthyl part of the molecule exercising no im- 
portant effect. (—)Menthyl /(-+-)-mandelate may therefore have 
one of the two configurations (I) and (II), the superposition of the 


{ * * 
- o « CgH,CH(OH)-C-06 ,pHyg (II.) 

CgH;°CH(OH)-C—-0C pHi 

(+) (+) (-) (+) (-) (-) 

three partial rotations leading to anomalous dispersion. Solvates 
may be formed through this centre of induced asymmetry (see 
McKenzie and Mitchell, loc. cit.), and the exceptional dispersion 
criteria for ethyl-alcoholic solutions might be explained on such 
grounds. Hall (J., 1923, 123, 32) has also shown that the dispersion 
of d-8-octyl succinate is complex in carbon disulphide but definitely 
anomalous in ethyl alcohol. Also, the observed rotatory power of 
asolution of (—)menthyl l(+-)-mandelate may be the resultant of 
superposition of the rotations of two different forms of the ester, 
viz., (1) and (II). The proportions of these esters and their rotatory 
powers would depend largely on the solvent and other physical 
conditions. 

The simple dispersion of (—)menthyl r-mandelate and the close 
relationship of its dispersion to those of esters of simple acids and 
(—)menthol might be regarded as evidence of the existence of a 
true racemic compound in solution. From the evidence given by 
McKenzie it would seem that this ester is a true compound. It is 
sharp-melting, and crystallisation does not effect separation into the 
diastereoisomeric esters (compare, Findlay and Hickmans, loc. cit.). 
Ifa solution of (—)menthyl r-mandelate consists of the two diastereo- 
isomerides (in equal amounts), what will the superposition of a 
complex and anomalous dispersion on a slightly complex dispersion 
give? First, the rotatory powers of the two diastereoisomeric 


(I. 
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esters were used to calculate the rotatory powers of the racemic 
ester; quite good agreement was obtained between the observed 
and calculated values on the basis of optical superposition. The 
agreement was good in ethyl-alcoholic solution, the maximum value 
of A being 2-9°, but still better in chloroform solution : 
6563 6162 5893 5461 5106 4861 4358 
.. — 55-6° — 63-5° — 70° — 82-3° — 95-6° — 106-9° — 137-1° 
...— 66 —639 —70-2 —82 —96 —106-1 — 137 
0-4 0-4 0-2 0-3 0-4 0-8 0-1 
In both these cases, the difference between the observed and cal- 
culated values is less than 4%, the maximum deviation allowed by 
Hudson (J. Amer. Chem. Soc., 1925, 47, 265). A similar agreement 
was found when equal amounts of (—)menthyl d(—)- and l(+)- 
mandelates were dissolved in chloroform (c = 2-703, 1 = 2, t= 
20°) : 
[a], obs. ... — 55°5° — 63-5° — 705° — 82-9° — 96-4° — 106-9° — 138°8° 
4 0-5 0-4 0-3 0-9 0-4 0:8 1-8 
Furthermore, solutions of equal concentration of the two diastereo- 
isomeric esters were made in chloroform, placed in tubes of 1 dm., 
and the polarised light sent through the tubes successively; agree- 
ment was again found (c = 2-718, 1 = 1, t = 20°): 
Wide di Nii divocvesttaslissetd, "| QRS 5893 5461 4861 4358 
Falk; ORB. acne score — 55-2° — 70-5° — 826° — 106-7° — 138-6° 
4 0:8 0-3 0-6 0-6 1-6 
Biot (Compt. rend., 1836, 2, 543) produced anomalous dispersion by 
passing polarised light through successive tubes containing oil of 
lemon (dextrorotatory) and oil of turpentine (levorotatory), both 
these substances being simple in dispersion. He obtained a similar 
result when he dissolved (+)camphor in (—)turpentine, although 
in this case the dispersion of (-+-)camphor is complex. Tschugaev 
(Z. physikal. Chem., 1911, 76, 469) also produced anomalous dis- 
persion by using unequal mixtures of (—)menthone and (-+)us0- 
menthone. In all these cases, however, an anomalous dispersion 
has been created out of two simple ones, or from a simple and 4 
complex dispersion. In the menthyl mandelates a simple dispersion 
is produced by the superposition of a complex on an anomalous 
dispersion. It is, of course, questionable how much stress can be 
laid on these “synthetic” dispersions, but one point emerges: 
the synthesis of a simple dispersion from the superposition of two 
separate solutions of (—)menthyl d(—)-mandelate and l(+)- 
mandelate shows that the simple dispersion of homogeneous (—)- 
menthyl r-mandelate cannot be accepted as evidence of the existence 
of a true racemic compound in solution. 
Optical superposition has been previously noted in derivatives of 
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the mandelic acids. Walden (Z. physikal. Chem., 1895, 17, 705 
found that the law of optical superposition was obeyed by dl-amy] 
d(—)-mandelate, (—)amyl r-mandelate, and (—)amyl d(—)-man- 
delate, but since he did not use pure amyl alcohol (Marckwald and 
McKenzie, Ber., 1901, 34, 489), his data are vitiated. McKenzie 
and Smith (loc. cit.) also found agreement in the isomeric (—)- 
menthyl phenylchloroacetates (compare Wren and Wright, J., 1921, 
419, 798; Patterson and Buchanan, J., 1924, 125, 2579; Patterson, 
Fulton, and Semple, J., 1926, 3226). 

An interesting contrast to the (—)menthyl mandelates has been 
described by Wood, Such, and Scarf (loc. cit.), who investigated 
the question of superposition with certain lactates and found that 
the principle did not operate. They used dl- and d-sec,-butyl 
|-lactates and d-sec.-buty] d-lactate, and they give the following values 
for the observed and calculated rotations of the first : 

6708 5893 5461 5086 4359 
11-3° 12-9° 14-5 17:3° 
9-44 10-7 12-0 14-8 


1-86 y 2-5 2°5 


The difference exceeds 10° and increases towards the violet end of 
the spectrum. This difference between the lactates and mandelates 
may again be a consequence of the substitution of the methyl group 


by the unsaturated phenyl group in glycollic acid (see p. 2170). 


EXPERIMENTAL. 
d(—)-Mandelic Acid. (All rotations are negative.) 
(1) In water (c = 2-:1875, 1 = 2, t = 20°4°). 
A... 6708 6563 6162 5893 5461 5106 4861 
a 121-6° 141-3° 157-5° 187-0° 220-1° 248-6° 
As above, but ¢ = 2°. 
128-7 -—— 165-0 196-3 261-9 
As above, but t = 39°. 
— 115-9 — 148-8 178°8 237 
(2) In acetone (c = 5-046, 1 = 1, t = 20°). 
[a] 115-9 122-9 141-3 158 189-9 224-9 
(3) In chloroform (c = 1-2825, 1 = 2, t = 38°). 
[a] — 138-4 — 177°8 213-5 
As above, but t = 25°. 
138-4 146-6 168-8 187-9 224-6 
As above, but ¢ = 2°. 
— 159-8 — 205-1 248 
(4) In ethyl alcohol (c = 2-8280, 1 = 2, t = 38°). 
[a] — 111-9 — 143-0 =171-9 
As above, but ¢ = 21°. 
[a] 114-0 119-9 137-7 154°5 184-6 
As above, but ¢ = 2°. 
[a] 134-1 — 167-6 202-0 
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The following (negative) values, amongst others, have been quoted for the 
rotatory power of d(—)-mandelic acid. 


t [a]sses. Solvent. Observer. 


20° 159-73°  H,O 
20 156-44 10 jenn Ber., 1883, 16, 


20 187-44 HOAc 
oO » j 
92 153-06 H,O Walden, loc. cit. 


22 148* Cite,o } 
20 158-2 H.O McKenzie, J., 1899, 75, 753. 


2 
158 H,O Clough, J., 1925, 127, 2808, 
157-2 H,O Wood, Chrisman, and 
Nieholas, loc. cit. 
154-4 H,O McKenzie and Wren, J., 
1919, 115, 602. 
* Repeated determinations have failed to confirm this value, those obtained 
being always about — 158°. 


Ethyl d(—)-Mandelate. (All rotations are negative.) 
5893 5461 4861 
(1) Homogeneous (D*® = 1-1106, ¢ = 39°). 
90-30° 114-7° 138-2° 188-4° 
(2) In acetone (c = 3-851, 12 = 2, ¢ = 25°). 
66-86 86-21 104-3 143-3 
(3) In chloroform (¢ = 2-012, 1 = 2, t = 25°). 
98-16 126-2 152-8 
As above, but t = 2°. 
138-2 165-8 
(4) In ethyl alcohol (c = 3-294, 1 = 2, t = 24-6°). 
82-62 104-4 124-2 224-4 
Walden (loc. cit.) gives the following (negative) values for this ester : homog., 
[a]seos 123-12°; in CMe,O, [a]sses 90-62° (c => 5-81, l = 2); in CHCI,, [a]sees 
128-4° (c = 6-67, 1 = 2). Walker (J. Physical Chem., 1909, 18, 574) gives 
[a]igcs 109-5°, [a fj, 125-4°. Clough (Joe. cit.) gives [a}}, 129-4° for the homo- 
geneous ester. It is questionable how much reliance can be placed on ob- 
servations of the rotatory power in the liquid state when taken below the 
point of solidification. 


14 


20 


bobo bobo eee 


(—)Menthyl d(—)-Mandelate. (All rotations are negative.) 
6708 6563 6162 5893 5461 5106 4861 4358 


(1) In acetone (c = 2-8705, 1 = 2, t = 25°). 
{a}  86-5° 90-2° a 114-3° = 137-6° 183-29 244-2° 
(2) In benzene (c = 2-4130, 1 = 2, t = 25°). 
[a] 101-8 105-3 121-3° 135-7 162-9 192-99 218-0 294-7 
(3) In chloroform (¢c = 1-7715, 1 = 2, t = 21°). 
[a] 103-6 108-6 125-3 140-3 167-4 197-3. 224-4 
(4) In carbon disulphide (c = 2-8195, 1 = 2, = 20°), 
[a] 123-6 130-9 149-6 166 199-5 236-5 267-3 
As above, but ¢ = 3°. 
[a] —- 137-3 - 175-9 209-3 283-7 
(5) In ethyl alcohol (c = 3-863, 1 = 2, ¢ = 20°). 
[a] 105-4 109-9 -- 138-3 165-5 218-5 
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McKenzie and Findlay and Hickmans (loc. cit.) give [a]ge99 138-6° (c = 4:3732) 
and 140-9° respectively for the solution of this ester in EtOH. 


(—)Menthyl 1( + )-Mandelate. 
6708 6563 6162 5893 5461 5106 4861 
(1) In acetone (c = 6-7455, 1 = 2, t = 24°). 
[a] — —18:17° —20-39° —21-9° —24-8° —27-7° —29-1° 
(2) In benzene (c = 7-4595, 1 = 2, t = 25°). 
[a] +3°75° + 4:16 + 637 + 7-44 +11-13 415-81 +20-38 
(3) In chloroform (c = 13-487, 1 = 1, t = — 14°). 
[a] +2°3 + 3-0 —— +62 + 88 +133 +17°8 
In chloroform (c = 8-7525, 1 = 2, t = 23°). 
[a] — —~— 09 — 006 + 0-74 +28 + 594 + 9-37 
In chloroform (c = 13-487, 1 = 1, ¢ = 52°). 
[a] — — 27 — — 1-93 0-0 -- + 3-26 
(4) In carbon disulphide (c = 5:9055, 1 = 2, t = 24-5°). 
fa] +216 +2295 +27:86 +31-76 +41-58 +452-91 +63-85 
(5) In ethyl aleohol (c = 7-464, 1 = 2, t = 34°). 
[a] —10-4 —I1-0 Me) eee | —13-0 
As above, but ¢ = 24-5°. 
— 926 — 912 — 973 —105 —11-:138 —11-2 —10:26 — 6-1 
As above, but ¢ = 2°. 
6°57 — —6-24 — 6-44 — — 3:09 — 
Values in ethyl alcohol quoted for this ester are: [a];s93 = — 7°6° (c = 
3:5956, McKenzie, loc. cit.); [a]ss93 = — 9°45° (Findlay and Hickmans, Joc. 
cit.). 
(—)Menthyl r-Mandelate. 
A... 6708 6563 6162 5893 5461 5106 4861 4358 
(1) In acetone (c = 4-004, 1 = 2, t = 25°). 
[a] . 552° = G3-1°s«O-9°—s« BD-BP—-BHB°_—-«*106-5°—-187-6° 
(2) In benzene (c = 4:7905, 1 = 2, t = 24-8°). 
[a] 49-5° 51-6 59°3 65°3 76-0 88-9 99-4 127°: 
(3) In chloroform (c = 4-4660, 1 = 2, t = 20-8°). 
[a] — 55-6 63-5 70-0 82-3 95-6 106-8 
(4) In carbon disulphide (c = 5-951, 1 = 2, t = 24-6°). 
[a] 48:9 51:3 58-4 64-2 75-6 87-8 97-6 
As above, but ¢ = 2°. 
[ce] — 51-7 —— 65 76:3 98-6 
(5) In ethyl aleohol (c = 4-2560, 1 = 2, t = 33°). 
[a] — 57-6 = 72-6 85-6 112-1 
As above, but ¢ = 25°. 
[a] 55-8 57:3 66-3 73-2 86-2 100 112-5 
As above, but ¢ = 3°. 
[a] — 59-1 — 74:1 87-6 — 114-1 -~ 


Values in ethyl alcohol quoted for this ester are : [a}ig, = — 742° (c = 
10-89, 1 = 2, McKenzie, loc. cit.) ; [a}ii3* = — 75-03° (Findlay and Hickmans 
loc. cit.). 
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302. Some Physical Constants of Methyl Fluoride, 
and the Atomic Weight of Fluorine. 


By W. Cawoop and H. S. Partrerson. 


Very few investigations on the atomic weight of fluorine by deter- 
mination of the limiting density of its gaseous compounds have been 
made. This appears to be due chiefly to the fact that many of these 
compounds are not easy to prepare pure, and have been very little 
studied, whilst those containing a large percentage of fluorine can 
in many cases only be produced by interaction with gaseous 
fluorine. 

One such compound, viz., methyl fluoride, can, however, be readily 
prepared by various methods, of which the three most important are 
the interaction of potassium methyl] sulphate and potassium fluoride 
or of methyl sulphate and silver fluoride; and the action of heat on 
tetramethylammonium fluoride (Collie, J., 1889, 55, 110). The 
limiting density of methy] fluoride, prepared by the first two methods, 
has been investigated by Moles and Batuecas (J. Chim. physique, 
1920, 18, 353). The gas was weighed at various pressures in bulbs, 
and the limiting density obtained by extrapolation. This work led 
to an atomic weight of fluorine of 18-998, whilst the compressibility 
of the gas (1 + A) was found to be 1-018. 

We have repeated this work, using a buoyancy microbalance. 
The method consists essentially in finding the ratio of the pressures 
at which two gases, e.g., oxygen and methyl fluoride, have the same 
density. These ratios are determined for two or more different 
densities, and the limiting value of the ratio at zero pressure is found 
by extrapolation. This value is inversely proportional to the mole- 
cular weights of the gases. The details of the method have been 
previously described (Whytlaw-Gray, Patterson, and Cawood, 
Proc. Roy. Soc., A, 1931, 134, 7). 

The gas used in our preliminary investigations on the limiting 
density of methyl fluoride (Nature, 1931, 128, 375) was made by 
the third of the above methods, since the other two might give rise 
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to a gas contaminated with dimethyl ether. Working in this way 
at 21°, we obtained the following data for the pressures at which 
methyl! fluoride and oxygen have the same density. 


POs PCuaF- Po,/Pcnsr- Mean. 
(156-87, 147-22 1-06553 | eee 
\ 156-83, 147-19, —-1-06546f 1-06550 


333-02, 312-05 1-06721) Bah 
(5) { 338-18; 316-85, 1-06731 f 1-06726 


(A) 


Each of these pressures is, of course, the mean of a number of 
readings, whilst the four ratios refer to four different fillings with 
each gas. If the mean values of the ratios are plotted against the 
corresponding pressures of oxygen or methyl fluoride and extra- 
polated to zero pressure, the limiting value of the ratio is found to 
be 106395, corresponding to a molecular weight of methyl! fluoride 
of 34-046. If it be assumed that the atomic weight of carbon lies 
near to 12-010, a value for which we have recently obtained con- 
siderable evidence, the atomic weight of fluorine becomes 19-013. 
From these results it is also possible to calculate the compressibility 
(1 + 4) at 21° of methyl fluoride by assuming the compressibility 
of oxygen. If (1 + 2) for oxygen at 21° is taken to be 1-00074, we 
obtain for (1 + ) at 21° for methyl fluoride the figure 1-0082—this 
value may not be very accurate, as it is only obtained over a pressure 
range of 170 mm. In order to find the compressibility at 0°, it is 
necessary to know the coefficient of thermal expansion of methyl 
fluoride. This has not been determined, and accordingly we have 
made use of a thermal coefficient slightly higher than that of carbon 
dioxide, for which the value is well known. We thus obtained for 
the compressibility (1 + 2) of methyl fluoride at 0° the value 1-0109, 
in general agreement with the compressibility of gases of similar 
critical constants, but entirely at variance with the figure 1-018 
found by Moles and Batuecas. 

Our work on methy] fluoride has been criticised by Moles (Nature, 
1931, 128, 966) on the ground that Collie’s method does not give 
pure methyl fluoride, but a constant-boiling mixture containing 
2% of methane. From this he concludes, not only that our mole- 
cular weight and compressibility are incorrect, but also that Collie’s 
critical data are in error. We have already pointed out (Nature, 
1932, 129, 245) that there appears to be no evidence for the existence 
of the constant-boiling mixture. We have now redetermined 
(1) the critical constants, using methyl fluoride prepared both by 
Collie’s method and also by the first method, as used by Moles, 
and (2) the compressibility, using methy] fluoride made by the latter 
method. 
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EXPERIMENTAL. 

Preparation of Méthyl Flueride.—Pure MeF is easily obtained by Collie’s 
method, i.e., by heating NMe,F; this was synthesised from NMe,, which was 
made from paraformaldehyde and Mel free from Et compounds. The NMe,I 
was transformed into NMe,*‘OH by means of freshly pptd. Ag,O. The hydr. 
oxide solution was then filtered from AgI and neutralised with pure HF, thus 
giving NMe,F. 

On heating the dry solid NMe,F, equal vols. of NMe, and MeF are produced, 
The former was removed by passage first through a solid CO,-CMe,0 freezing 
mixture, and then through two washing towers containing conc. H,SQ,. 
The gas was further purified by bringing it into contact with liquid and solid 
KOH, and was then passed through a U-tube, again cooled by solid CO,- 
CMe,0. After drying over P,O,, the gas was solidified in liquid air and the 
vessel evacuated to remove any non-liquefiable gas. This MeF was fraction- 
ated 3 times and then bubbled through its own liquid. About 2 1. of highly 
purified gas were thus obtained. The gas was then refractionated and 
samples were taken of the first, middle, and last fractions. The relative 
densities of these 3 fractions were measured by the microbalance. The 
balancing pressures were respectively 312-12,, 312-05;,, and 312-05, mm, 
It will be seen that the first runnings had a slightly higher balancing pressure, 
due probably to a trace of air. The middle and last fractions, however, agreed 
within the limit of error of our measurements, and were unaltered by further 
fractionation. These last fractions were used in determining the press. ratios 
given above, and have also been used for finding the crit. data of MeF. Con- 
sidering the rigorous care taken to exclude Et compounds in the prep. of the 
gas, and the difference in b. p. (46°) between MeF and EtF, it is difficult to 
believe that any contamination from this source was present. 

When MeF is made by the action of KMeSO, on KF, a large amount of 
Me,0 is produced : we obtained more Me,O than MefF, but it is possible that by 
a careful study of the reaction the quantity might havé been reductd. The gas 
‘was purified in a similar way to that already described, but numerous fraction- 
ations were carried out. After much difficulty about 0-5 1. of purified MeF was 
obtained. 

Determination of the Critical Constants.—The crit. consts. were determined 
in a modified Andrews compressibility apparatus, kindly lent by Professor 
Whytlaw-Gray. The graduated capillary containing the MeF was enclosed 
in a glass water-jacket, wound round with Ni-Cr ribbon connected to the mains 
through a lamp and variable resistance. Stirring was effeeted by blowing 4 
stream of bubbles through the H,O from a cylinder of compressed air. Work- 
ing in this way, it is possible by suitable adjustment of the resistance to main- 
tain the temp. of the bath constant to + 0-01° at any of the temps. at which 
we worked, or to cause it to rise or fall at a constant rate. Accurate deter- 
minations of the crit. data can thereforé be made. Our manometer gauge 
containing air was surrounded by a similar jacket filled with ice and H,0. 
The data of Otto and Holborn (Z. Physik, 1925, 38, 1) were taken as our 
standard for the compressibility of air. 

The tubes were filled by attaching them to an apparatus as shown in the fig. 
In order to introduce a measured quantity of air, both the gauge A, with its 
reservoir J, and the point burette B were evacuated. The three-way tap 
was then turned so that dry air free from CO, could be admitted into the burette. 
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After determination of the vol., the measured air was taken up into the 
reservoir L. The mercury-sealed rubber connexion at H was then broken, 
and the drawn-down end of the reservoir placed in a special iron spoon 
containing Hg. The gauge was then transferred to 
the compression apparatus. 

A similar procedure was followed when filling a tube 
with MeF, except that the gas was frozen once or 
twice in a fractionating vessel or in the tube A itself, 
and then pumped off to ensure absence of air. In the 
latter case the vol. was measured after determination 
had been made in the Andrews apparatus. 

Critical temperature. This was measured by raising 
the temp. of the bath slightly above the crit. point, 
until the line of demarcation between liquid and 
vapour had disappeared. The bath was then allowed 
to cool very slowly. The temp. at which fog, as 
opposed to opalescence, appeared as a narrow zone 
in the tube was taken to be the crit. temp. Those 
of the gas made by both methods were identical at 
44-55° within the limits of error of our measurements, 
i.e., @ few hundredths of a degree. 

Critical pressure. The crit. isothermal was deter- 
mined, and the crit. press. was read off when the vol. 
had its crit. value. This procedure is more accurate 
than finding the point of inflexion of the crit. iso- 
thermal, although actually the point of inflexion ap- 
peared to occur at about the crit. vol. When the 
trit. press. of the gas made in the two ways was 
measured against the same pressure gauge, exactly 
the same press. was obtained within the limits of 
accuracy of the apparatus. In order, however, to 
obtain a good average for the crit. press. three separate 
fillings of the manometer gauge with air were made, 
and the crit. préss. was determined with each. The 
values obtained were 58-3, 58-1, 57-6 atm.: mean, 
58-0 + 0-2 atin. 

Critical volume. The crit: vol. was determined by 
the method of rectilinear diameters of Cailletet and 
Mathias. Readings were taken at a series of temps. 
of the amount of liquid and vapour at two different 
vols.; from these data the total vol. of liquid and 
vapour at various temps. could be caleulated, and 
thus, the weight of MéF being known, the réctilinear 
diameter could be found: By extrapolation of the 
diameter to the crit. temp., the ctit. density and 
hence thé crit. vol. were obtained. The wt. of MeF 
was found by making use of our previously determined wt. of 11. at 21° and 
76 cm. Since our measurements of the vol. were made at 20°, the temp. 
correction required was very small. The following are the results obtained 
for the gas made by the two different methods. 
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Density of Mean density, 





Temp. liquid. vapour. Obs., pore. cale., pealc.s  Pobs. — Pralc.. 
(1) Methyl fluoride made by heating tetramethylammonium fluoride. 
44-55° —- — — 0-3027 — 
43-00 0-4204 0-1860 0:3032 0-3045 — 0-0013 
42-00 0-4388 0-1727 0-3058 0-3055 + 0-0003 
40-02 04575 0-1588 0-3082 0-3076 + 0-0006 
35-02 0-4945 0-1339 0-3142 0-3131 + 0-001] 
30-02 0-5290 0-1089 0-3190 0-3186 + 0-0004 
20-67 0-5763 0-0794 0-3297 0-3288 — 0-0009 


(2) Methyl fluoride made from potassium methyl sulphate and potassium 
fluoride. 

44-55 — — — 0-2981 — 

43-98 0-3828 0-2160 0-2994 0-2989 + 0-0005 
43-00 0-4063 0-1926 0-2995 0-3001 — 0-0006 
42-00 0-4219 0-1793 0-3006 0-3014 — 0-0008 
40-02 0-4525 0-1537 0-3031 0-3041 — 0-0010 
35-02 04951 0-1287 0-3119 0-3107 + 0-0012 
30-02 0-5332 0-1056 0-3194 0-3172 + 0-0022 
20-04 0-5781 0-0794 0-3287 0-3303 — 0-0016 


The straight lines connecting temp. (t) and mean density (9) obtained by the 
method of least mean squares from the observations are respectively : 


(1) 9 = 0-3513—0-0011¢ and (2) p = 0-3565—0-0013¢. 


The calc. mean densities were obtained by substitution for the various temps. 
in these formule. The values of the crit. density are accordingly 0-3027 and 
0-2981 g./c.c., respectively : the difference lies within the limit of experimental 
error. The crit. density of MeF is therefore 0-300 g./c.c., and the crit. vol. 
3-33 c.c./g. The crit. vol. may also be expressed as the vol. which 1 c.c. of the 
gas at N.T.P. would occupy at the crit, temp. and press., viz., 0-00506 c.c, 

An examination of the above tables shows that Cailletet and Mathias’s 
law is obeyed within the limit of error of our experiments, no curvature being 
shown by the mean diameter. The mean slope of the line is —0-0012, which 
lies within the limits —0-0005 to — 0-0023 shown by most substances. 

Critical coefficient. The value of the ratio RT'./P,V, is 3-96, in general 
agreement with that for other substances of similar constitution. 

Compressibility of Methyl Fluoride.—In order to determine the compressi- 
bility coeff. A of MeF, measurements of the compressibility were made in the 
compression apparatus between pressures of about 1 and 3 m. The pv-p 
curve thus obtained was extrapolated to zero press. in order to find the com- 
pressibility between 0 and 1 atm. 

A few preliminary measurements were made in capillaries of 1-5 mm. bore, 
but most were carried out in tubes of 4-5 mm. bore. The latter were used, a8 
it was feared that the measurements with the narrower capillary might be 
vitiated by errors due to surface tension. With the larger tubes the capillary 
effects are known and could be allowed for, since in all cases the height of the 
meniscus was determined. In most cases the correction thus introduced is 
very small. To ensure accuracy in the pressure gauge it was standardised 
against anopen manometer. The difference of level in the pressure gauge and 
the tube containing MeF was found with an accurate cathetometer by swinging 
across on to aglassscale. This is the most difficult part of the measurements, 
but with a suitable instrument the difference of level can easily be found to 
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01mm. The apparatus was tested with air, and found to give satisfactory 
yalues for the compressibility. 

The MeF used was prepared from KMeSO, and KF. ‘Two sets of deter- 
minations were made with different samples, the pressure gauge being in one 
case filled with air, and in the other with N. The compressibility data of 
Holborn and Otto (loc. cit.) were in each case taken as standard. The measureé- 
ments were carried out at three different temps., 0°, 21°, and 44-5°. When 
pv was plotted against the corresponding value of p, the points in all cases lay 
on a straight line within the limit of error of our measurements. There is no 
evidence of curvature either positive or negative between pressures of 1 and 
3m. This is in general accordance with the equations of state of van der 
Waals and Beattie—Bridgeman, which indicate only very small curvatures for 
the conditions under which our determinations were made. We have accord- 
ingly assumed that the lines are straight, and calculated their equations by the 
method of least mean squares. The results are as follows, the pressures being 
expressed in m. of Hg, and the compressibility 1 + A = p,v,/pv referring as 
usual to 1 atm. 


o fpv=1 —0-01497p; = 1-0115,) , 
=e (pv = 1 — 0-01475p; ia 1-0113, j Mean 1-0114 


o {pv = 1 —0-01152p; 1-0088,) 1 
At 21 (S 1 OOLLISS. 1.0085°} Mean 1-0087 


At 44-501 PX = 1 — 0-00923p; 7) Mt 1:0070 
\pv = 1 — 0-00898p; 0068, f-°8" 


Our preliminary measurements in narrow tubes also gave a value of 1-0114 
for the compressibility at 0°. In order to indicate the accuracy of the method, 


typical exptl. results for each temp. are given below. The calc. results are 
those derived from the equations of the straight lines through the points. 


Press., m. of Hg. pv, obs. pr, calc. pv, obs. — pv, calc. 
0-9466 0-98607 0-98604 + 0-00003 
[{-s081 097783 0-97791 — 0-00008 
At 0° 1-9701 0-97126 0-97094 + 0-00032 
2-5710 0-96223 0-96208 + 0-00015 
2-8612 0-95736 0-95780 — 0-00044 
1-0239 0-98823 0-98822 + 0-00001 
[16109 0-98160 0-98146 + 0-00014 
At 21° 2-1127 0-97562 0-97569 — 0-00007 
2-6204 0-96947 0-96984 — 0-00037 
3-0601 0-96508 0-96478 + 0-00030 
1-0788 0-99056 0-99032 + 0-00024 
1-5425 0-98590 0-98615 — 0-00025 
At 44-5°- 2-0068 0-98192 0-98199 — 0-00007 
2-6016 0-97679 0-97665 +- 0-00014 
2-8900 0-97410 0-97406 + 0-00004 


Change of compressibility with temperature. According to the equations of 
state of van der Waals and Dieterici, the limiting value of the compressibility 
coeff, A, is given by 

1 c pe 
dom <P) = (6-5) 
pv dp \ RT) RT 
p=0 
in which 6 is the term involving the vol., and a that involving the attraction 


of the molecules in the two equations. Now, we have shown that for MeF, 
4B 
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the slope of the pv—p curve is const. within the limit of error of our experi- 
ments between pressures of 1 and 3m. For A, we may therefore write the 
experimental compressibility coeff. A, and we thus obtain 


A = (b—a/RT)/RT. 


Accordingly if AT’ is plotted against 1/7’ for various temps., a straight line 
should be obtained if b and a remain const. Actually the line is slightly 
curved in such a direction as to indicate that b increases with temp. Our 
experiments with other gases indicate that this curvature is not due to exptl. 
error, and moreover, it is in accordance with the observations of van der 
Waals. It may be noted, however, that, if it were assumed that the relation- 
ship between AT and 1/7’ is linear, the difference between the values of A 
obtained from the mean line and those measured experimentally would be 
small, 

Theoretically according to the above equations of state, A,p, = const., in 
which A, is the compressibility at the crit. temp. and p, is the crit. press. We 
are at present investigating various gases to see how closely this relationship 
holds. 

Discussion of Results. 

The results which we have obtained for the critical data show that 
these are the same within the limit of error of our experiments, 
whether the gas is made by Collie’s method or from potassium methy! 
sulphate and potassium fluoride. The data are compared with those 
of Collie (loc. cit.) in the following table : 


Critical constants of methyl fluoride. 
Critical press., Critical vol., 
Critical temp. atm. c.c./g. 
44-9° 62 — 
Authors 44-55 58-0 + 0-2 3-33 
There appears, therefore, to be no justification for the statement 
that pure methy] fluoride is not obtained by Collie’s method or that 
there is any substantial error in his critical data. 

Our value for the compressibility of methyl] fluoride at 21°, viz., 
1-0087, is in satisfactory agreement with that determined by the 
microbalance, viz., 1-0082, when account is taken of the fact that the 
latter measurements were only made over a pressure range of about 
170mm. At0° our experimental value of the compressibility, 1-0114, 
also agrees well with the value which we calculated from our micro 
balance data at 21°, viz., 10109. This result is somewhat higher 
than van Laar’s calculated figure 1-0094 (“ Zustandsgleichung,” 
p. 46), but the difference is decreased by the new value for the critical 
pressure which we have found. 

The Atomic Weight of Fluworine.—There still remains a large diverg- 
ence between our figure for the compressibility at 0°, viz., 1-04 
and that of Moles and Batuecas (loc. cit.), viz., 1-018. There seems 
little doubt that our value is correct, since the two methods of 
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measurement which we have used, although subject to entirely 
different errors, give substantially the same compressibility. If our 
compressibility at 0° be applied to the normal density of methy] 
fluoride determined by Moles and Batuecas, an atomic weight of 
fluorine of the order of 19-2 is obtained, instead of the value 18-998 
which they found. It appears, therefore, that their determinations 
both of the normal density and of the compressibility of methyl 
fluoride are in error, and in consequence can scarcely be considered 
as evidence for the exact atomic weight of fluorine. 

The most trustworthy data for this atomic weight appear to 
indicate that the chemical atomic weight is higher than that found by 
Aston for the 19 isotope, viz., 18-995. Thus, the work of McAdam 
and Smith on the ratio NaF : NaCl, after their weighings had been 
corrected to a vacuum by Smith and Haagen, gave a value F = 
19-009 (Carnegie Institution Report No. 267, p. 47). We have 
recalculated the reduction to a vacuum and confirmed their figure. 
Also the cross ratios obtained by Smith and Haagen (loc. cit.), in 
their work on the atomic weight of boron, gave an average value 
F = 19-005. 

In deducing the molecular weight of methyl fluoride from our 
microbalance measurements, we extrapolated the pressure ratios 
of oxygen to methy] fluoride to zero pressure and thus obtained the 
limiting value of the ratio. By this procedure any errors in the 
experimental determinations of the ratios tend to be increased in 
the limiting ratio. A more accurate method of working is to apply 
our measured value of the compressibility of methy! fluoride to each 
of the ratios, and thus obtain a molecular weight of methyl] fluoride 
independently from each ratio. To do this we make use of the 


formula 
R = p;/P, = (1 — Ayp;)M,/(1 — Agp.)M, 


in which R is the value of the ratio, A, and A, are the compressibility 
coefficients of oxygen and methy] fluoride at 21°, p, and p, the corre- 
sponding pressures expressed in atmospheres, and M, and M, the 
molecular weights. Now A, = 0-00073 approx. and A, = 0-0086. 
Making use of these compressibility coefficients in conjunction 
with our microbalance data given above, we obtain for the molecular 
weight of methyl fluoride from the two ratios the values 34-044 
and 34-043, respectively. The mean value is 34-044, and assuming 
a8 before that the atomic weight of carbon is 12-010, we obtain for 
fluorine 19-011. 

This value, when considered in conjunction with the measurements 
of McAdam and Smith, and of Smith and Haagen, viz., 19-009 and 
19-005, respectively, indicates that the atomic weight of fluorine 
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lies between 19-005 and 19-010. If this is the case, fluorine must 
contain a higher isotope in appreciable quantity. 


We are indebted to Professor Whytlaw-Gray for facilities for 
carrying out this work and for his invaluable criticism, and to the 
Department of Scientific and Industrial Research and Imperial 
Chemical Industries for financial support. 
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303. Syntheses of 19-Ketophenanthridindocoline, 3- 
Benzoylcarbazole, and 3: 6-Dibenzoylcarbazole. 
By 8. G. P. Puant and (Miss) M. L. Tomiinson. 


Tue authors have already described (J., 1931, 3324) the preparation 
of 11-hydroxy-9-benzoyl-2 : 3 : 4 : 11-tetrahydrocarbazole (I) and the 
formation from it of a compound, C,,H,,ON, which was thought 
to be 19-ketophenanthridindocoline (II). The validity of this view 


BzN HOH 


H, . 

n )H, O Y: H, 

Omit ou OO Me 
NBz H, 


(I.) (I1.) (III.) 


has now been definitely established by the synthesis of the latter 
product: carbazole was converted through its 9-0-nitrobenzoyl 
derivative into the corresponding amine, which was diazotised in 
methyl-alcoholic sulphuric acid; the product obtained after boiling 
was identical with the 19-ketophenanthridindocoline previously 
described. In the formation of (II) from (I) it appears probable 
that the latter first changes to 1-hydroxy-9-benzoyl-1 :2:3:4 
tetrahydrocarbazole (III) and then (II) results from ring closure and 
loss of hydrogen. 

In an attempt to prepare 19-ketophenanthridindocoline directly 
by the dehydrogenation of 9-benzoylcarbazole by aluminium 
chloride at 120° (compare the formation of benzanthrone from 
a-benzoylnaphthalene; Scholl and Seer, Annalen, 1912, 394, 111), 
isomeric change occurred and 3-benzoylcarbazole was obtained. 
The synthesis of 3-benzoylearbazole was achieved by condensing 
p-hydrazinobenzophenone with cyclohexanone, heating the product 
with dilute sulphuric acid, and oxidising the 6-benzoyl-1 : 2: 3: 4-tetra 
hydrocarbazole so formed with sulphur in boiling quinoline. 
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After the completion of the above experiments, a synthesis of 
3-benzoylcarbazole by the elimination of nitrogen from 5-benzoyl- 
]-phenylbenzotriazole (IV) was described by Hunter and Darling 
(J. Amer. Chem. Soc., 1931, 53, 4183). They were unsuccessful, 
however, in attempts to obtain 3-benzoylcarbazole from 9-benzoy]- 
carbazole. 

The action of benzoyl chloride on carbazole in carbon disulphide 
solution in the presence of aluminium chloride produced 3: 6- 
dibenzoylearbazole, which was also obtained by the action of benzoyl 
chloride under similar conditions on 9- and on 3-benzoylcarbazole. 
Its constitution was established by its formation from 5 : 4’-dibenzoyl- 
1-phenylbenzotriazole (V), prepared by condensing 4-bromo-3-nitro- 
benzophenone and p-aminobenzophenone, followed by reduction 
and treatment with nitrous acid. 


N 
Bz 4 Bz ai Bz 
% \NPh \n7 


(IV.) (V.) 


In an attempt to synthesise 1l-benzoylearbazole, 2-bromo-3- 
nitrobenzophenone was condensed with aniline to give 2-nitro-6- 
benzoyldiphenylamine (VI) (compare Schépff, Ber., 1891, 24, 3771). 


CPh Z 
A 


Bz A: 
\npP 
= eee 
NO, 


NO, 3 
(VI.) (VII.) (VIII.) 

The condensation proceeded smoothly on the steam-bath, but at 
130° the diphenylamine derivative was contaminated with a sub- 
stance which is apparently Jensen and Rethwisch’s 1-nitro-5- 
phenylacridine (VII) (J. Amer. Chem, Soc., 1928, 50, 1144). The 
amine obtained by the reduction of (VI) was converted into 7-benzoyl- 
1-phenylbenzotriazole (VIII), but all efforts to transform this product 
into 1-benzoylearbazole were unsuccessful. 


EXPERIMENTAL. 


Synthesis of 19-Ketophenanthridindocoline.—A mixture of carbazole (3-3 g.), 
Me,CO (50 c.c.), and 66% KOH aq. (6 g.) was shaken and treated gradually 
with o-nitrobenzoyl chloride (6 g.). The product obtained by dilution with 
H,0 was crystallised from EtOH and from AcOH and 9-0-nitrobenzoylcarbazole 
isolated in yellow prisms, m. p. 148—150° (Found: N, 8-8. C,H,,0,N, 
requires N, 8-8%). This compound was kept at 50° with an excess of Zn dust 
in AcOH for 4 hrs., the filtered liquid diluted with much H,O, and the ppt. 
crystallised from EtOH, 9-0-aminobenzoylcarbazole being obtained in pale yellow 
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needles, m. p. 160—162° (Found: N, 9-7. C,,H,,ON, requires N, 9-8%), 
A solution of the amine (1 g.) in MeOH (120 c.c.) and conc, H,SO, (2 c.c.) was 
diazotised at 0° (NaNO,, 0-24 g., in H,O, 5 c.c.) and after } hr. the mixture was 
refluxed for } hr. The product, which separated on cooling, was crystallised 
from EtOH (charcoal), and 19-ketophenanthridindocoline isolated in colourless 
needles, m. p. 227°, mixed m. p. with Plant and Tomlinson’s compound (IT) 
(m. p. 225°) (loc. cit.), 226°. 

3-Benzoylcarbazole.—9-Benzoylcarbazole (10 g.) (Stevens and Tucker, J., 
1923, 123, 2140) and AICI, (4 g.) were gradually heated to 120°, the molten mags 
poured into dil. HCl aq., and the green solid recrystallised twice from EtOH 
(charcoal), 3-benzoylearbazole being isolated in pale yellow plates, m. p. 206° 
(Found: C, 84:0; H, 5-0. Cale.: C, 84:1; H, 48%). 

A solution of 3-benzoylcarbazole in Ac,O was refluxed for 6 hrs., cooled, and 
shaken with H,O. The ppt., crystallised from EtOH, gave pale yellow needles, 
m. p. 154° (Found: C, 80-4; H, 5-0. C,,H,,0,N requires C, 80-5; H, 4-8%), 
of 3-benzoyl-9-acetylcarbazole, which was also prepared from 3-benzoylcarbazole 
and AcCl in Me,CO containing conc. KOH aq. A similar procedure with 
BzCl led to 3 : 9-dibenzoylcarbazole, which separated from EtOH in colourless 
needles, m. p. 170° (Found: C, 83-1; H, 4:7. C,,H,,0O,N requires C, 83-2; 
H, 45%). 

3-Benzoylcarbazole (1 g.) and phenylhydrazine (1 g.), heated at 150° for 
2? hr., gave the phenylhydrazone, colourless plates, m. p. 219°, from AcOH 
(Found: N, 11-8. ©,;H,,N, requires N, 11-6%). 

Synthesis of 3-Benzoylcarbazole.—Equiv. quantities of cyclohexanone 
and p-hydrazinobenzophenone (Ruhemann and Blackman, J., 1889, 55, 612) 
were heated, the hydrazone was boiled for 20 mins. with 18% H,SO, aq., and 
the solid product crystallised from AcOH and from EtOH, from which 
6-benzoyltetrahydrocarbazole separated in yellow prisms, m. p. 167—168° 
(Found: N, 5-2. C,H,,ON requires N, 5-1%). This derivative (1 g.) in 
C,H,N was boiled for $ hr. with S (0-23 g.) and then poured into ice-dil. 
HCl aq., the solid obtained was mixed with Fe filings and distilled under 
reduced pressure, and the product crystallised twice from EtOH, 3-benzoyl- 
carbazole being obtained in pale yellow plates, m. p. and mixed m. p. 206°. 

3 : 6-Dibenzoylearbazole.—Carbazole (12 g.), AICI, (10 g.), CS, (30 c.c.), and 
BzCl (10 g.) were refluxed for 1 hr., the CS, was evaporated, the residue 
treated with H,O, and the product ground with conc. HClaq. The green solid 
was then crystallised from AcOH and from EtOH, and 3 : 6-dibenzoylearbazole 
obtained in pale yellow plates, m. p. 258° after sintering at 243° (Found: C, 
83-0; H, 4:7. C,,H,,0O,N requires C, 83-2; H, 45%). 

When a solution of this compound in Me,CO was shaken with conc. KOH aq. 
and BzCl and then diluted with H,O, 3 : 6 : 9-tribenzoylcarbazole was obtained, 
colourless needles, m. p. 224°, from much EtOH or Me,CO (Found: N, 2°8. 
C,,H,,0,N requires N, 29%). Similar treatment with AcCl gave 3 : 6-dibenzoyl- 
9-acetylcarbazole, colourless needles, m. p. 270°, from AcOH (Found: N, 3:3. 
C,,H,,0,N requires N, 3-4%). 

A solution of 3: 6-dibenzoylearbazole in xylene containing an excess of 
phenylacetyl chloride was refluxed for 24 hrs., HCl being evolved. The 
product was pptd. by petroleum (b. p. 60—80°), washed with EtOH, and 
crystallised from Me,CO, from which 3 : 6-dibenzoyl-9-phenylacetylcarbazole 
was obtained in colourless needles, m. p. (after drying at 100°) 190—191° 
(Found: C, 82-8; H, 4-6. C,,H,,0,N requires C, 82-8; H, 4:7%). These 
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three N-acyl derivatives were readily hydrolysed to 3 : 6-dibenzoylearbazole 
in boiling aq.-ale. KOH. 

Synthesis of 3 : 6-Dibenzoylcarbazole.—A mixture of 4-bromo-3-nitrobenzoyl 
chloride (5 g.), AICI, (6 g.), CS, (20 c.c.), and C,H, (7-5 c.c.) was refluxed for } 
hr., the solvent evaporated, and the 4-bromo-3-nitrobenzophenone washed 
with dil. HCl aq. and with NaOH aq.; it was then isolated from EtOH in 
almost colourless needles, m. p. 112° (Schépff, loc. cit., gives m. p. 112—113°; 
the above method is more satisfactory than his). When this compound (1 g.), 
p-aminobenzophenone (0-66 g.) (Doebner, Ber., 1880, 18, 1011), and K,CO, 
(0-3 g.) were heated at 150° for 4 hrs., and the product was washed with H,O, 
2-nitro-4 : 4’-dibenzoyldiphenylamine remained. It separated from EtOH or 
AcOH in small orange prisms, m. p. 150° (re-solidifying and finally melting at 
193°) (Found: C, 74-1; H, 4:3. C,,H,,0,N, requires C, 73-9; H, 4-3%). 

The above nitro-compound (2 g.) in hot AcOH (30 c.c.) was boiled with 
SnCl, in 28% HCl aq. (30 c.c.) for a few mins., the cooled solution made 
alkaline with NaOH aq., and the ppt. crystallised from aq. EtOH and from 
MeOH, from which 2-amino-4: 4’-dibenzoyldiphenylamine was obtained in 
yellow prisms, m. p. 153° (Found: C, 79-3; H, 5-0. C,H,.0,N, requires 
C, 79-6; H,5-1%). Asuspension of this amine in AcOH was treated gradually 
with NaNO, (rather more than 1 mol.); the 5: 4’-dibenzoyl-1-phenylbenzotri- 
azole obtained by dilution with H,O separated from AcOH or EtOH in colour- 
less plates, m. p. 195° (Found: N, 10-4. C,,H,;O,N; requires N, 10-4%). 
When this compound was decomposed at 380° in a stream of CO,, 
3: 6-dibenzoylcarbazole was produced, m., p. (after crystn. from AcOH and 
from EtOH) and mixed m. p. 258° after sintering at 243°. 

7-Benzoyl-1-phenylbenzotriazole.—2-Bromo-3-nitrobenzoyl chloride was con- 
verted by a process similar to that described above for the 4-bromo-3-nitro- 
analogue, into 2-bromo-3-nitrobenzophenone, which separated from EtOH in 
colourless needles, m. p. 76° (Found: C, 51-4; H, 2-8. Cale.: C, 51-0; H, 
2-6%) (Schépff, loc. cit., gives m. p. 115°). Equal quantities of this substance 
and aniline were heated on the steam-bath for several hrs. and the resultant 
solid was crystallised from EtOH, 2-nitro-6-benzoyldiphenylamine being 
obtained in scarlet needles, m. p. 137° (Found: C, 72-0; H, 4-7. Cale. : C, 
71-7; H, 44%) (Schépff, loc. cit., obtained this product in yellow needles, 
m. p. 135°). When the latter reaction was carried out at 130° for } hr., and 
the product was fractionally crystallised from EtOH, 1-nitro-5-phenylacridine 
separated first in yellow needles, m. p. 188° (Found: C, 75-7; H, 4:1. Calc.: 
C, 76:0; H, 40%), and 2-nitro-6-benzoyldiphenylamine was obtained from 
the mother-liquor. The former of these two compounds was also obtained 
when the latter was boiled with ale. HCl for 5 mins.; the red colour of the 
diphenylamine derivative disappeared and the substituted acridine separated 
on cooling. 

NH, aq. (11 c.c., d 0-880) was added gradually to a boiling mixture of an 
ale. solution of 2-nitro-6-benzoyldiphenylamine (3 g.) and conc. FeSO, aq. 
(28 g.). The residue after filtration was washed with hot EtOH, the united 
filtrates were diluted with H,O, and the ppt. was shaken with dil. HCl aq. 
The acid solution was made alkaline with NH, aq., and the solid obtained was 
crystallised from petroleum (b. p. 60—80°), from which 2-amino-6-benzoyl- 
diphenylamine separated in yellow needles, m. p. 118—119° (Found: C, 79-3; 
H, 5-6. C,,H,,ON, requires C, 79-2; H, 5-5%). A solution of this amine 
(0-8 g.) in AcOH was treated with NaNO, (0-3 g.). The solid obtained by 
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pptn. with H,O was crystallised from EtOH, and 7-benzoyl-1-phenylbenzotri. 
azole isolated in elongated plates, m. p. 154° (Found: N, 14-1. C,,H,,ON, 
requires N, 14:0%). 


The authors thank Prof. R. Robinson for many valuable 
suggestions. 


Tae Dyson Perrins LABORATORY, 
OxFoRD. [Received, May 13th, 1932.] 





304. The Action of Halogens on Polycyclic Indole 
Derivatives. Part II. The Bromination of the 
Acyl Derivatives of 8: 9:10: 11-Z'etrahydro-a’p’- 
naphthacarbazole and 7:8:9: 10-T'etrahydro-aB- 
naphthacarbazole. 


By 8. G. P. Prant and (Miss) M. L. Tomson. 


In Part I (J., 1931, 3324) the authors have shown that while the 
action of bromine (1 mol.) on the 9-acyltetrahydrocarbazoles (I) 
leads exclusively to products which are derived from the primary 
addition of bromine at the 10: 11-position, the only compounds 


which have been isolated from the 7-acy]lbenzopentindoles (II) 
under similar conditions are monobromo-derivatives with the sub- 
stituents in the 10- and 12-positions. The bromination of certain 
7-acyl-8 : 9:10: 11-tetrahydro-«’f’-naphthacarbazoles (III) and 
1]-acyl-7 : 8: 9: 10-tetrahydro-«$-naphthacarbazoles (IV) has now 


(I.) (II.) (III.) 
been examined, primarily with the object of discovering whether 
the replacement of the benzene system in tetrahydrocarbazole by 
a naphthalene skeleton results in a similar remarkable diminution 
of the additive properties of the double linkage. The nitration of 
these derivatives (Oakeshott and Plant, J., 1928, 1840) has sug: 
gested that this might be the case, but the frequent failure to 
obtain more than a small proportion of pure nitration product 
made it impossible to be certain regarding this point. 

When the compounds (III; R= Ac, Bz, and CO,Et) were 
treated with bromine in glacial acetic acid, monobromo-derivatives 
were obtained in good yields and no additive product was detected. 
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In every case the bromine atom entered the 5-position. This was 
conclusively proved by applying Fischer’s indole synthesis to eyclo- 
hexanone-4-bromo-2-naphthylhydrazone, and by converting the 
5-bromo-8 : 9 : 10 ; 11-tetrahydro-«’p’-naphthacarbazole so formed into 
its 7-acetyl, 7-benzoyl, and 7-carbethoxy-derivatives, each of which 
was identical with the respective bromination product. 


Bromination of the compound (IV; RK = Ae) in glacial acetic 
acid gave no crystalline product, but in carbon disulphide the 
5-bromo-derivative was formed. Similar treatment of the benzoy] 
compound (IV; R= Bz) gave the 5-bromo-derivative in either 
solvent. The yields of these bromo-compounds were less than 
those of the isomeric products mentioned above, but again no 
additive compound was detected. The structures of the products 
were established by hydrolysis to 5-bromo-7 : 8: 9 : 10-tetrahydro- 
aB-naphthacarbazole, which was itself synthesised by Fischer’s 
method from cyclohexanone and 4-bromo-1-naphthylhydrazine. Thus, 
in view of the fact that the reaction of the 9-acyltetrahydrocarb- 
azoles with an equimolecular quantity of bromine is exclusively 
an additive one, it is now clearly demonstrated that the presence 
of a fourth ring in the polycyclic indole skeleton, irrespective of 
its position, results in a very great diminution in the additive 
properties of the double linkage in question. 

The problem of orientation in these more complex indoles is of 
considerable interest. Substituents enter the 9-acyltetrahydro- 
carbazoles at the 5- and the 7-position, which, as Professor R. 
Robinson has pointed out, is readily explained if the orienting 
effect is transmitted through the double linkage as in (V). It is 
clear that the results obtained from the bromination of the 7-acyl- 
benzopentindoles may be explained in the same way, while similar 
considerations, represented in (V1), would account for the formation 
of the 5-bromo-derivatives of (III). The bromination of the com- 
pounds (IV) must, however, be explained by an activation process, 
represented in (VII), which is more akin to that observed in simple 
benzene derivatives. If the electromeric effect in the latter com- 
pounds did in reality again operate through the double linkage in 
question, the 6-bromo-derivatives would be expected (VIII). The 
failure to isolate these and the preferential formation of the 5-bromo- 

4B2 
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compounds may very well be due to the excessive length of the path 
which the activating influence would have to pursue. 


R 


i» 
YO EH 
(VII.) th _ RY, “Oa (VIII.) 


EXPERIMENTAL. 


Bromination of  1-Acetyl-8: 9:10: 11-tetrahydro-a’B’-naphthacarbazole.— 
When the acetyl compound (Oakeshott and Plant, loc. cit.) was treated with 
Br (1 mol.) in AcOH, 5-bromo-7-acetyl-8 : 9 : 10 : 11-tetrahydro-a’ B’-naphtha- 
carbazole gradually separated; colourless needles, m. p. 199°, from EtOH 
or AcOH (Found: N, 4:0. C,,H,,ONBr requires N, 4:1%). Total yield, 
including that obtained by addition of H,O to the original ACOH mother. 
liquor, 80%. 

A solution of the bromo-compound in aq.-ale. KOH was boiled for } hr. 
and diluted with H,O. The pptd. 5-bromo-8: 9: 10: 11-tetrahydro-a’f’- 
naphthacarbazole crystallised from petroleum in almost colourless needles, 
decomp. 115—120° (Found: N, 5-0. C,,H,,NBr requires N, 4:7%). 

These two bromo-derivatives were synthesised as follows. 4-Bromo-f- 
naphthylamine was converted, by diazotisation and subsequent reduction 
with SnCl, and conc. HCl aq., into 4-bromo-2-naphthylhydrazine, which was 
heated on the steam-bath for a short time with cyclohexanone (1 mol.). The 
hydrazone was boiled with 18% H,SO, aq. for 5 mins., and the solid product 
crystallised from petroleum (b. p. 60—80°), 5-bromo-8 : 9: 10 : 11-tetrahydro- 
a’B’-naphthacarbazole being obtained in almost colourless needles, decomp. 
115—120°. The latter substance, in Me,CO and 66% KOH aq., was treated 
with an excess of AcCl. H,O then pptd. 5-bromo-7-acetyl-8 : 9: 10: 11- 
tetrahydro-a’f’-naphthacarbazole; colourless needles, m. p. (and mixed 
m. p.) 199°, from EtOH. 

Bromination of 7-Benzoyl-8: 9:10: 11-tetrahydro-a’p’-naphthacarbazole.— 
The benzoyl derivative (Oakeshott and Plant, loc. cit.), brominated in the 
same way as the corresponding acetyl compound, gave 5-bromo-7-benzoyl- 
8:9: 10: 11-tetrahydro-a’B’-naphthacarbazole in 75% yield; yellow needles, 
m. p. 158—159°, from EtOH (Found: N, 3:4. C,,H,,ONBr requires N, 
35%). A specimen of this substance, prepared from 5-bromo-8 : 9: 10: 11- 
tetrahydro-a’f’-naphthacarbazole and BzCl in Me,CO and 66% KOH aq, 
had m. p. (after crystn. from EtOH) and mixed m. p. 158—159°. 

Bromination of Ethyl 8:9: 10: 11-T'etrahydro-a’p’-naphthacarbazole-7-carb- 
oxylate.—Mg (2-4 g.) was dissolved in EtBr (8 c.c.) and dry Et,O (75 c.c.), 
and 8:9: 10: 11-tetrahydro-a’f’-naphthacarbazole (12-5 g.) added. After 
the evolution of C,H, had ceased, ethyl chloroformate (7 g.) was introduced, 
and the whole warmed on the water-bath for a short time and then treated 
with ice and dil. HClaq. Ethyl 8: 9: 10: 11-tetrahydro-a’B’-naphthacarbazole- 
7-carboxylate, which separated as a solid, crystallised from EtOH in colourless 
needles, m. p. 121° (Found: N, 4-7. ©, 9H,,0,N requires N, 4-8%). 

When this ester was brominated by the process already described, ethyl 





HALOGENS ON POLYCYCLIC INDOLE DERIVATIVES. PART O. 2195 


5-bromo-8 : 9 : 10 : 11-tetrahydro-a’p’-naphthacarbazole-7-carbozylate was ob- 
tained in 80% yield; colourless needles, m. p. 180—181°, from AcOH (Found : 
N, 3-8. C,,H,,0,NBr requires N, 3-8%). The same compound (mixed 
m. p.) was obtained synthetically by a process similar to that employed for 
the corresponding benzoyl derivative, ethyl chloroformate being used in 
place of BzCl. , 

Bromination of  11-Acetyl-7: 8:9: 10-tetrahydro-aB-naphthacarbazole.— 
When this acetyl compound (Oakeshott and Plant, loc. cit.) was treated with 
Br (1 mol.) in CS,, HBr was evolved. Addition of petroleum (b. p. 40—60°) 
pptd. a solid which rapidly decomposed. When, however, the CS, solution 
was immediately shaken with KOH aq., and the CS, removed in a current 
of air, a sticky solid remained. This was dried (with K,CO,) in Et,O, re- 
covered, and boiled with EtOH (charcoal). The colourless solid obtained 
on cooling was recrystallised from EtOH, 5-bromo-11-acetyl-7 : 8:9: 10- 
tetrahydro-aB-naphthacarbazole separating in needles, m. p. 126—127° (Found : 
C, 63-4; H, 4:2. C,,H,,ONBr requires C, 63:2; H, 47%). Yield, about 
45%. 

When a solution of this product in aq.-ale. KOH was boiled for 3 hr. and 
then diluted with H,O, 5-bromo-7 : 8: 9: 10-tetrahydro-aB-naphthacarbazole 
was obtained; pale yellow needles, m. p. 116°, from petroleum (b. p. 60—80°) 
(Found: N, 4-8. C,,H,,NBr requires N, 4-7%). 

This bromo-compound was synthesised by the following procedure. 
4-Bromo-a-naphthylumine (15-4 g.) in 20% HCl aq. wae diazotised below 0° 
(NaNO,, 5 g., in a little H,O), the solution reduced with cold SnCl, (50 g.) 
and cone. HCl aq. (60 c.c.), the solid product dissolved in hot H,O containing 
a little HCl aq., freed from Sn by H,S, and AcCONa added. The pptd. 4-bromo- 
l-naphthylhydrazine crystallised from EtOH in colourless needles, m. p. 139° (de- 
comp.) (Found: N, 11-8. C,,H,N,Br requires N,11-8%). This hydrazine (3 g.) 
and cyclohexanone (1-4 g.) were heated on the steam-bath, and the hydrazone 
was boiled for a few mins. with 26% H,SO, aq., and the resulting black mass 
crystallised from petroleum (b. p. 60—80°), 5-bromo-7 : 8: 9 : 10-tetrahydro- 
af-naphthacarbazole being obtained in pale yellow needles, m. p. and mixed 
m. p. 116°. 

Bromination of 11-Benzoyl-7 : 8 : 9 : 10-tetrahydro-aB-naphthacarbazole.—The 
benzoyl compound (Oakeshott and Plant, loc. cit.) was brominated in CS8,, 
and the product isolated, by a procedure similar to that used for the corre- 
sponding acetyl derivative. On crystn. from EtOH, 5-bromo-11-benzoyl- 
7:8:9: 10-tetrahydro-aB-naphthacarbazole was obtained in yellow plates, 
m. p. 115° (Found: N, 3-6. C,,;H,,ONBr requires N, 3-5%). Yield, about 
50%. The same substance was obtained by treating the benzoyl compound 
with Br (1 mol.) in AcOH; after dilution with H,O it was isolated and dried 
in Et,0 and crystallised from EtOH. 

When this bromo-compound was hydrolysed by boiling with aq.-ale. KOH 
a8 described for the analogous acetyl derivative, 5-bromo-7 : 8 : 9 : 10-tetra- 
hydro-af-naphthacarbazole, identical with a synthetical specimen, was 
obtained. 


Tue Dyson Prerrins LABORATORY, 
OXFORD. [ Received, June 2nd, 1932.] 
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305. Quinoline Compounds containing Arsenic. Part 
V. Synthesis of 7: 8-T'riazolquinoline-5-arsonic 


Acid, 
By R. H. SuatTer. 


SINCE it was not possible to obtain 8-bromo- or 8-chloro-7-nitro- 
quinoline-5-arsonic acid by nitration of the corresponding 8-halo- 
genoquinoline-5-arsonic acids (this vol., p. 2104), attempts were made 
to prepare them in another way. 5 : 7-Dinitro-8-amino-quinoline 
(Kaufmann and Zeller, Ber., 1917, 50, 1627) could not be diazotised, 
and 8-chloro-5 : 7-dinitroquinoline was obtained by Dikshoorn’s 
method (Rec. trav. chim., 1929, 48, 556) in very small yield, so these 
two compounds were useless for the object in view. 

Reduction of 5 : 7-dinitro-8-p-toluenesulphonamidogquinoline with 
ammonium sulphide gave, not the expected 7-nitro-5-amino- 
compound, but 5 : 7-diamino-8-p-toluenesulphonamidoquinoline (I) 
in practically quantitative yield. This diamine, after bis-diazotis- 
ation, reacted with sodium arsenite solution to give 7 : 8-triazol- 
quinoline-5-arsonic acid (II) and 7 : 8-triazolquinoline (III). The 
absence of a group in the 5-position in (ILI) is presumably due to 
reduction of the 5-diazonium group by arsenious acid. 


H, N i N 
C,H,"S0,-NH N oe N —NH 
(L.) (II.) (III.) 


The facile removal of the p-toluenesulphony]l group by the action 
of nitrous acid is remarkable, for ring-closure can take place without 
the elimination of this group. Morgan and Godden (J., 1910, 97, 
1717) observed that, when the analogous 1 : 3-diamino-4-benzene- 
sulphonamidonaphthalene was diazotised in presence of alcohol, 
the benzenesulphonyltriazole compound produced was contamin- 
ated with the deacylated triazole. 


EXxPEBIMENTAL. 


5 : 7-Diamino-8-p-toluenesulphonamidoquinoline (I).—A cold solution of 
5; 7-dinitro-8-p-toluenesulphonamidoquinoline (10 g.) (Kaufmann, and 
Zeller, loc. cit.) in EtOH (150 c.c.) and NH, aq. (30 c.c.; d 0-880) was treated 
with H,S for 1 hr., boiled for a few mins., cooled, and again treated with H,5 
for l hr. The yellow base pptd. by H,O (2 1.) was dissolved in boiling 5% 
HCl aq., repptd. by Na,CO, aq. (yield, 8 g.), and crystallised from EtOH; 
sheaves of long, flat, light brown needles, m. p. 207—208° (decomp.) (Found: 











oe = => SS hw! ~: 


slig 
This 
8am: 


with 
the « 


for : 
Ro 


estim 








id 














QUINOLINE COMPOUNDS CONTAINING ARSENIC. PART Vv. 2197 








C, 58:3; H, 6-0; N, 16-7; 8S, 9-6. C,,H,,0,N,8 requires C, 58-5; H, 4-9; 

N, 17:1; 8S, 98%), moderately easily sol. in CHCl,, sparingly in C,H,, and 
almost insol. in light petroleum. The base is readily sol. in dil. NaOH aq., 
slightly in NH, aq., but almost insol. in Na,CO, aq. It readily forms orange- 
red solutions in AcOH, HCl aq., HNO;, and H,SO,. The diazo-solution gives 
a crimson azo-dye with alkaline B-naphthol. 

7: 8-T'riazolquinoline-5-arsonic Acid (II) and 17: 8-Triazolquinoline (III). 
—5 : 7-Diamino-8-p-toluenesulphonamidoquinoline (4-1 g.), suspended in 
HCl aq. (30 c.c.,d 1-12; 12 c¢.c. H,O), was bis-diazotised (2 g. NaNQ, in 6 ¢.c. 
H,O) at 0—5°; a marked odour of p-toluenesulphonyl chloride was per- 
ceptible. The diazo-solution was after 1 hr. poured into a solution of sodium 
arsenite (10-5 g. in 25 c.c. H,O and 2-5 c.c. sat. CuSO, aq.). After 5 hrs., the 
mixture was heated until evolution of N ceased, then made slightly alkaline 
with NaOH aq., boiled for a few mins., and filtered. The dark brown residue 
was extracted thrice with 5% NaOH aq., and the reaction of the combined 
filtrates adjusted with HCl aq. to pg 3—4; the arsonic acid thereby pptd. was 
collected, dissolved in Na,CO, aq., and repptd. by HCl aq. at py 3—4; pale 
yellow, microscopic needles (1-3 g.), unmolten at 310° (Found: C, 37-1; H, 
27; N, 19-3. C,H,O,N,As requires C, 36-7; H, 2-4; N, 19-1%).* 

7 : 8-T'riazolquinoline-5-arsonic acid is insol. in H,O and the usual organic 
solvents, but readily sol. in dil. NaOH aq. and NH, aq. and in moderately 
conc. HCl aq., H,SO,, and HNO,;. The Na salt is not pptd. by conc. NaOH 
aq. The following salts are precipitable from the NH, salt aq.: white Ca, 
buff Ag, white Pb, green Cu, white Hg (on boiling); all are gelatinous and insol. 
in hot H,O. 

When the acid mother-liquor from which the above arsonic acid had been 
originally pptd. was neutralised with NaOH aq., a white gelatinous compound 
(0-6 g.) separated. It crystallised from hot H,O in stellate clusters of slender 
needles, m. p. 256—257°, of 7 : 8-triazolquinoline (Found: C, 63-5; H, 3-4; 
N, 32-7. C,H,N, requires C, 63-5; H, 3-6; N, 32-9%), readily sol. in AcOH, 
slightly in EtOH and CHCl,, but almost insol. in C,H, and light petroleum. 
This compound dissolves in boiling dil. Na,CO, aq. and NaOH aq. to about the 
same extent as it does in hot H,O; these solutions deposit needles on cooling, 
The base is sol. in HCl aq., H,SO,, and HNO,. A dil. AcOH solution gives 
with N/1000-I a deep reddish-brown coloration which disappears on warming : 
the other two compounds described do not give a coloration. 


The author thanks the Court of the Grocers’ Company, London, 
for a scholarship. 
Royat CoLLeGE or Puysicrans’ LABORATORY, 


EDINBURGH. 
[Received, May 3rd, 1932.) 


* Owing to the great stability of this arsonic acid, it was not possible to 
estimate As in the usual way. 












2198 ING: OREATINE AND CREATININE. PART II. 


306.—Creatine and Creatinine. Part II. Alleged 
Acyl Derivatives of Creatine. 


By H. R. Ina. 


Two alleged acylcreatines have been described in the literature, 
viz., “ diacetylcreatine ” (Erlenmeyer, Annalen, 1895, 284, 49) and 
“ phthalyldicreatine ” (Urano, Beitr. chem. Physiol. Path., 1907, 9, 
183): it is now shown that neither is a creatine derivative. 

“ Diacetylcreatine,”” C,H,,0,N,, was obtained by Erlenmeyer 
by acetylating creatine with acetic anhydride. It is a neutral 
substance and Erlenmeyer suggested the formula 

NHAc:C(;NH)*NMe-CH,°CO-OAc (I). 
This formula is improbable on several grounds. Acetylguanidine 
forms salts with acids (Korndérfer, Arch. Pharm., 1903, 241, 467) 
and consequently a substance of formula (I) should be basic. More- 
over, “ diacetylcreatine ”’ is recovered unchanged by evaporation 
of its aqueous solution and it also crystallises from hot alcohol, 
facts which are inconsistent with an open-chain anhydride formula. 

The clue to the structure of “ diacetylereatine ” was provided by 
its reaction with ammonia. It dissolved readily in concentrated 
aqueous ammonia and a crystalline product, C,H,O,N,(A), separ- 
ated slowly. A second crystalline product, C,H,,O,N,(B), was 
isolated from the ammoniacal mother-liquor. These two substances 
can obviously be derived from diacetylcreatine by the addition of 
the elements of ammonia : 

CgH,30,N; + NH; = C3H,O,N, + C5H10.Np. 

The substance A was found to be acetylurea by comparison with 
a synthetic specimen. Acetylurea was also obtained by dissolving 
diacetylcreatine in aqueous methylamine solution and consequently 
both its nitrogen atoms must be derived from diacetylcreatine. 
The formula of diacetylereatine can therefore be extended to 
C,H,ON-CO-NH-CO-NHAe, in’ which scission by ammonia is 
assumed to occur at the dotted line. 

The substance (B) will on this view be an amide and it must 
contain the second acetyl group. The simplest formula is that of 
the amide of N-acetylsarcosine, NMeAc-CH,°CO-NH,. N-Acetyl- 
sarcosine amide was prepared from N-acetylsarcosine through the 
methyl ester and was found to be identical with (B). 

“* Diacetylcreatine ’’ must consequently be s.-(N-acetylsarcosyl)- 
acetylurea (IT). 

The only other compound which could be isolated from the 
acetylation products of creatine was l-methylhydantoin. No acetyl 
derivatives of creatinine were obtained. The formation of the 
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curious urea derivative (II) seems to imply the attack of acetic 
anhydride upon the tertiary nitrogen atom of creatine and it is 
suggested that the first stage of the reaction is the formation of 
the unstable quaternary salt (III), which isomerises to (IV) : 


(33) 
CH,NMeAc \2 CH,-NMeAc H,-NMeAc 
| : SNES —> | : >] r 
O0—NH O-NH-C(OAc):NH O-NH-CO-NHAc 
(IIT.) (IV.) (II.) 


The latter substance is an imido-acid anhydride and consequently 
migration of acetyl from oxygen to nitrogen with production of 
(II) may be expected to occur readily. Hydrolysis of (IV), if it 
occur, will lead to a urea derivative, NMeAc-CH,’CO-NH’CO-NH,, 
which could lose acetamide to form 1-methylhydantoin. 

Diacetylcreatine (II) is also formed as a by-product in the acety]l- 
ation of creatinine (compare Part 1; this vol., p. 2047). It probably 
arises from acetylcreatinine, acetic anhydride attacking the tertiary 
nitrogen as an alternative to the formation of diacetylcreatinine. 
By analogy with the reactions suggested for creatine the substance 
NMeAc’CH,°CO-NH-C(OAc):NAc will be formed, which will be 
readily hydrolysed to diacetylcreatine (II). It was shown in Part I 
that diacetylcreatine could only be isolated from the acetylation 
products of creatinine after the addition of water. 

The opening of the creatinine ring in the formation of diacetyl- 
creatinine resembles somewhat the ring scission observed by Bam- 
berger and Berle (Annalen, 1893, 273, 351) in the benzoylation of 
glyoxaline. A closer analogy is provided by the acetylation of 
s.-diphenylguanidine, which was found by Busch, Blume, and 
Punge (J. pr. Chem., 1909, 79, 537) to yield acetanilide and N-acety]- 
N’-phenylurea. The formation of dialkylacetamides and cyanuric 
acid in the acetylation of as.-dialkylureas (van der Zande, Rec. 
trav. chim., 1889, 8, 233) is also of interest in this connexion and 
may be explained by the loss of proton from the unstable kation 


NH,-CO-NR,Ac. It is hoped to study further the acylation of 
guanidine derivatives. 

“ Phthalyldicreatine ”’ was obtained by Urano (loc. cit.) by 
heating creatine or creatinine with phthalic anydride. He described 
it as forming hair-like needles, m. p. 212°, and gave it the formula 
C,H,[CO-NH-C(-NH)-NMe-CH,°CO,H],. By repeating his pro- 
cedure a substance probably identical with Urano’s compound was 
obtained. It had the same composition and crystalline form and 
similar solubilities but melted at 223°. It was proved to be di- 
creatinine phthalate by comparison with the neutral salt prepared 
from creatinine and phthalic acid. 
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EXPERIMENTAL. 


Acetylation of Creatine.—Diacetylereatine was prepared by Erlenmeyer’s 
method, but its crystalln. was facilitated by addition of EtOH to the gummy 
reaction product; woolly needles, m. p. 177—178° (Erlenmeyer gave m. p. 
165°) (Found: C, 45-0; H, 6-3; N, 19-5. Calc. for C,H,,0,N,: C, 44-7; 
H, 6-0; N, 19-5%). 

The final mother-liquor from the separation of diacetylcreatine left on 
evaporation a mixture of diacetylcreatine and a substance sparingly sol. in 
cold EtOH. The latter substance was separated, by fractional crystn. from 
EtOH, in long prisms, m. p. and mixed m. p. with authentic 1-methy]l- 
hydantoin 158—159° (Found : C, 42-5; H, 5-1; N, 24-7. Cale. for C,H,O,N, : 
C, 42-1; H, 5-3; N, 246%). 

N-Acetylsarcosine Amide.—Sarcosine (Cocker and Lapworth, J., 1931, 
1894) was acetylated by Paulmann’s method (Arch. Pharm., 1894, 282, 601). 
Acetylsarcosine (m. p. 133—135° after recrystn. from Me,CO) was added to 
ethereal CH,N, (slight excess). The oily methyl ester obtained by evapor- 
ation of the Et,O0 was dissolved in NH, aq. (d 0-880) and left over-night: 
evaporation in vac. left a gum, which was crystallised from EtOH over H,S0, 
in vac, Recryst. twice from EtOH, N-acetylsarcosine amide formed prisms, 
m. p. 140—141°. It melts slowly and begins to soften at 137° (Found: N, 
21-5. CsH,,0,N, requires N, 21-5%). 

Action of Ammonia on Diacetylereatine.—When a solution of diacetyl- 
creatine in a little cold NH, aq. (¢ 0-880) was stirred, a crystalline product 
separated, m. p. 205—208°, Recrystn. from EtOH and from hot H,O gave 
needles of acetylurea, m. p. and mixed m. p. 220—221° (Found: C, 35:4; 
H, 6-0; N, 27-1. Cale. for C,H,O,N,: C, 35-3; H, 5-9; N, 27-4%). 

The ammoniacal solution of diacetylcreatine after removal of acetylurea 
was evaporated, and the residue dissolved in the minimum of hot EtOH; 
on cooling, acetylurea crystallised. The ale. mother-liquor was evaporated : 
the residual gum crystallised when stirred and was repeatedly crystallised 
from EtOH or AcOEt; prisms, m. p. and mixed m. p. with N-acetylsarcosine 
amide 140—141° after softening at 137° (Found: C, 46-6; H, 7:8; N, 22-0. 
C,H ,0,N, requires C, 46-2; H, 7-7; N, 21-5%). 

Dicreatinine phthalate crystallised, when a mixture of a sat. aq. solution 
of creatinine (1 mol.) and a hot alc. solution of phthalic acid (0-5 mol.) 
cooled, in white woolly needles, m. p. 223° (decomp.) (Found: Ny, 21-6. 
2C,H,ON,,C,H,O, requires N, 21-4%). 


Untversiry CoLtEGs, Lonpon, W.C.1. [Received, May 30th, 1932.} 





307. Organic Derivatives of Silicon. Part XLVI. 
T etranitrotetraphenylsilicane. 
By F. 8. Kipruve and J. C. Buacxpurn. 


THe nitration of tetraphenylsilicane was first studied by Polis 
(Ber., 1886, 19, 1016), who used a mixture of concentrated nitric 
and sulphuric acids; his product was not crystalline and gave 
unsatisfactory analytical results. Kipping and Lloyd (J., 1902, 
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81, 449), working under the same conditions, also failed to obtain a 
erystalline compound. 

The nitration has now been tried in the absence of sulphuric acid 
in carbon tetrachloride solution: from the product, about 10% of a 
tetranitro-derivative, m. p. 255—256°, has been isolated. This 
compound is attacked, but only very slowly, by bromine water at 
200°, giving m-bromonitrobenzene, and is therefore in all probability 
tetra-m-nitrotetraphenylsilicane. ) 

The rest of the crude product of nitration is very readily soluble 
in cold acetone and various other anhydrous solvents, from which 
it separates in a glue-like form; from aqueous methyl, ethyl, and 
isopropyl alcohols, however, it is obtained as a colourless powder, 
m. p. 90—110°. Under the microscope (x 400) the powder from 
ethyl and isopropyl alcohols is seen to consist mainly of globular 
transparent particles which show traces of internal structure and 
some of which are extended into very irregular, rounded, radially- 
grouped projections having a fern-like appearance. When this 
semi-crystalline material is fractionated in various ways, all the 
fractions are practically identical in outward properties, have the 
same composition as the crystalline nitro-derivative, and behave 
like the latter towards aluminium chloride and boiling concentrated 
alkalis. The material is only very slowly attacked by bromine 
water at 200°, yielding various products among which m- and p- 
bromonitrobenzenes in the proportion approximately of 2:1 have 
been identified; the formation of the o-isomeride could not be 
proved, but for various reasons it seems very probable that the 
original material contains o- as well as m- and p-nitro-groups. 

Vorlinder, from the crude product of nitration (0-7 g.) prepared 
by Polis’s method, obtained only p-bromonitrobenzene (0-17 g.) 
by the action of bromine, and concluded that the silicon atom was 
p-orienting (Ber., 1922, 55, 1900). 

The analytical evidence (p. 2203) that the fractionated product has 
the composition of a tetranitrotetraphenylsilicane is supported by 
various facts; the nearly quantitative yield and the relatively small 
production of dinitrobenzene seem to show that even the crude 
material does not contain much impurity. That it cannot be a 
mixture of compounds in which some of the phenyl groups have been 
di- or tri-nitrated, while others have escaped nitration, seems to be 
proved by its behaviour towards alkalis and towards nitric acid. 

Now it seems almost impossible to conclude from the results of 
its decomposition with bromine that this ill-defined product is 
merely a mixture of tetra-m- and tetra-p-nitrotetraphenylsilicanes 
in the proportion of 2:1 and, even if the presence of a tetra-o- 
compound is also assumed, such a mixture would hardly show the 
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observed properties. It is suggested, therefore, that some of the 
nitro-groups are in the m- and some in the p-position in one and the 
same molecule ; if so, the material might be a mixture of five closely 
related components and its observed behaviour would be more 
comprehensible, If, in addition, o-groups are also present, as is 
probable (p. 2205), it might then be a mixture of fifteen structural 
isomerides. The behaviour of tetraphenylmethane does ‘not 
support this view, as this hydrocarbon is quantitatively converted 
into a tetranitro-derivative, m. p. 275°, in which at least three and 
probably all four nitro-groups are in the p-position (Gomberg, J. 
Amer. Chem. Soc., 1898, 20, 773). Triphenylmethane also gives 
only p-nitro-derivatives (E. and O. Fischer, Annalen, 1878, 194, 354). 
Diphenyl, on the other hand, in addition to a pp’- gives an op’- 
dinitro-derivative (Fittig, Annalen, 1862, 124,276), and benzophenone 
gives a mixture of the 2: 2’-, 3: 3’-, and 2: 3’-dinitro-compounds 
(Staedel, Annalen, 1894, 283, 164), so that it is possible that a single 
molecule of tetraphenylsilicane may undergo o-, m-, and p-sub- 
stitution. This assumption seems to offer a reasonable explanation 
of the nature of the ill-defined nitro-compound. 


EXPERIMENTAL. 

The nitration of tetraphenylsilicane is easily effected by shaking a solution 
of the silicohydrocarbon in CCl, with HNO, (d 1-5) at 0° for 2 hrs. The acid 
layer is poured on ice; the CCl, solution is again extracted with acid once or 
twice as before and then more tetraphenylsilicane is added; these operations 
are repeated until the whole (28 g.) of the material has been treated. The 
solution is finally extracted with small quantities of the acid, until the extracts 
give no ppt. with H,O; it is then washed with H,O, dried, and distilled from a 
water-bath. The crystalline residue (0-06 g.) smells of nitrobenzene, but 
consists almost entirely of m-dinitrobenzene. The product of nitration, pptd. 
from the HNO, as a cream-coloured, slightly sticky solid, is washed with H,O 
and dried. The yield is about 40 g. or 93% of the theoretical for Si(C,H,-NO,),. 
The HNO, filtrate, on evaporation, gives m-dinitrobenzene (0-5 g.) but no 
appreciable quantity of SiO,. 

On the assumption that 1 mol. of SiPh, gives only 1 mol. of CgH,(NO,), 
about 1-2 g. or 4% of the silicohydrocarbon is decomposed during nitration; 
if, however, 1 mol. of the former gives 4 mols. of the latter, only about 1% 
undergoes decomposition. 

Tetra-m-nitrotetraphenylsilicane.—The crude nitration product is readily 
sol. in cold Me,CO, but after some time the solution may deposit a little cryst. 
matter; in any case systematic fractional pptn. with EtOH, combined with a 
fractional extraction of the ppt. with cold Me,CO, affords ultimately about 
10% of a sparingly sol. substance, which is recrystallised from CHCl,—Me,CO 
(Found: C, 55-6, 55-4; H, 3-6, 3-5; N, 10-9, 10-9; Si, 5-4, 5-4; M, in cam- 
phor, 517. ©,H,,0,N,Si requires C, 55-8; H, 3-1; N, 10-8; Si, 54%; 
M, 516). 

The compound separates from CHCI, (solubility, 1 in 30—35 at 18°) in well- 
defined six-sided prisms, m. p. 255—2656° (slight decomp.). It is much less 
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sol. in cold Me,CO (slender needles) and AcOEt, less so in CCl, and C,H,, and 
very sparingly so in cold EtOH, Et,0, AcOH, and light petroleum. It is very 
readily sol. in cold HNO, (d 1-5) and is pptd. unchanged by H,O after 30—40 
mins.’ heating at about 80°. The compound dissolves slowly in cold, very 
readily in warm, H,SO, without separation of SiO,. Unlike tetraphenyl- 
silicane and certain other phenyl derivatives of silicane (Kipping and Evison, 
J., 1931, 2774), it seems to be stable towards AICI, in boiling CHCl,. It is 
decomposed by boiling 15% NaOH aq., giving PhNO, and a silicate. 

Orientation.—The pure tetranitro-compound (0-4 g.) was heated with Br 
(10 mols.) and H,O at 180—200° for 24 hrs.; free halogen was then still 
present. Steam-distillation removed m-bromonitrobenzene (0:17 g.; 27% 
of the theoretical yield), and no other volatile product could be detected. 
The non-volatile residue consisted of the unchanged substance. These results 
seem to prove that the compound is a tetra-m-nitro-derivative. 

Ill-defined Nitro-compound.—During the isolation of the cryst. compound 
the crude product was separated into seven fractions, all of which remained in 
a glue-like form when their solutions in EtOH-—Me,CO evaporated spon- 
taneously. They were all very readily sol. in cold Me,CO, AcOEt, C,H,, and 
CHCI,, rather less so in AcOH, and sparingly sol. in EtOH, Et,0, CCl, and 
light petroleum. By fractionally precipitating a solution of the material in 
warm AcOH with H,O, almost colourless powders were obtained which re- 
tained solvent tenaciously : the six most sparingly sol. preps. were dried and 
examined ; they all sintered at 85—90° and liquefied completely at 110—115°. 


Fraction. z, II. III. IV. Vv. VI. 
PE, Uidaliveden ve ses 55-9 56-2, 55-7 55-3, 55-4 56-2,56-2 55°6,55°5 55-3 
SRST ee 3°4 3°9, 3-4 3-3, 3-3 —, 3-4 3°7, 3-4 3-4 
ek ee 10-9 oo 11-2 10:8 pase 10-8 
SE Lee cosscnipane a 5:5 ck 5:5 55 5-7 


Fraction IV, M = 542 in camphor. Fractions I and VI of a different prep. 
gave M = 557 and 497 respectively in camphor. All the fractions thus have 
the composition of a tetranitrotetraphenylsilicane (calc. for C.gH,,0,N,8i : 
C, 55-8; H, 3-1; N, 10-8; Si, 5-4%; M, 516); they may contain some of the 
eryst. substance (m. p. 255°) and possibly traces of nitro-derivatives of tri- 
phenylsilicyl oxide or triphenylsilicol, but such compounds, if present in the 
erude product, would probably have passed into the final discarded fraction 
VII. The further fractionation of various preps. with the aid of different 
solvents or mixtures of solvents, and also fractional pptn. from conc. HNO,, 
and dialysis in Me,CO, failed to afford a well-defined product, or to bring about 
any change in properties. 

Treatment of the material with fuming HNO,, alone or mixed with conc. 
H,S80,, during 30 mins. at about 50° seemed to have no effect; the product 
pptd. from the solution melted only a few degrees higher than before and was 
completely sol. in cold Me,CO but was slightly richer in N (11-8%) and Si 
(58%). Decomposition by boiling 15% NaOH aq. during about 2 hrs. 
afforded PhNO,, but apparently no C,H, or C,H,(NO,),. Yellow or brown 
non-volatile neutral and acidic substances remained suspended or dissolved 
in the alkaline solution, their combined wt. being about 5% of that of the 
original material. As the pure cryst. tetranitro-compound also gave a very 
small proportion of acidic products with caustic alkalis, it would seem that 
secondary reactions occur in both cases and that the recorded observations do 
not indicate the presence of impurity in the ill-defined nitro-compound. 
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Orientation. The material (1 g.) was heated with an excess of Br and H,O 
at 100° during 63 hrs., and the product distilled in steam; from the distillate, 
freed from Br, m-bromonitrobenzene (0-12 g.) was isolated, but the total yield 
of volatile product was only about 8% of the theoretical owing to the very 
incomplete decomposition of the silicon compound. In a second expt. the 
material (0-8 g.) was heated with an excess of Br in H,O at 200° during 18 hrs.; 
from the volatile product (about 66% of the theoretical quantity), m- and a 
small proportion of p-bromonitrobenzene were isolated. The formation of a 
little p-bromo-compound in this and not in the first expt. (at 100°) may have 
been due to the greater stability of the p-nitro-group (compare Braun, May, 
and Michaelis, Annalen, 1931, 490, 189). In a third expt. the substance (7-7 g.) 
was heated with Br (5 c.c.) and H,O (25 c.c.) during 30 hrs. at about 200°, 
The volatile product (7-7 g.; 64% of the theoretical) was fractionated from 
light petroleum and was proved to contain m- and p-bromonitrobenzenes in the 
proportion of about 2:1. The final mother-liquor gave about 0-9 g. of an oil 
which crystallised immediately at 0° and dissolved completely when treated 
with Sn and HCl aq.; it was therefore free from o-dibromobenzene, which 
might have been produced from o-bromonitrobenzene by the action of HBr aq., 
and was probably a mixture of o- and m-bromonitrobenzenes. 

Some of this oil was heated at 170° with aq. alkali, but no o-nitrophenol 
was obtained; this result, however, was inconclusive, since it was found that 
o-bromonitrobenzene is not attacked by alkali under such conditions, contrary 
to what might be expected from statements in the literature. When the oil 
was heated with piperidine at about 110° in an open vessel, the solution con- 
tained combined HBr; this result also was inconclusive, since it was found that 
p-bromonitrobenzene, like the o-compound, is decomposed by piperidine 
practically quantitatively under such conditions (compare Sellmann and 
Just, Ber., 1891, 24, 2099; Shaw and Turner, this vol., p. 285). 

The non-volatile product extracted with Me,CO afforded a mixture of sol. 
cryst. substances (2-5 g.) which when fractionated gave deposits of m. p. 
ranging from 110—120° to above 280°; as some of these products contained 
halogen and N, others halogen only, but no Si, they were in all probability 
mixtures of bromonitro- and bromo-substitution products of C,H, and were 
not further examined. From the product insol. in Me,CO, CHCI, extracted a 
pale yellow, gelatinous solid (0-2 g.) which contained Si; it gave PhNO, and 
a cryst. compound when it was boiled with sat. NaOH aq. The residue 
(0-9 g.) insol. in CHCI,, a colourless powder, gave 47-3% of SiO, on ignition with 
H,S0O,, and when boiled with sat. NaOH aq. it yielded an oil from which 
crystals, m, p. 112—113°, were isolated. This cryst. compound contained 
halogen and N and was possibly 3 : 4 : 5-tribromonitrobenzene. 

These results prove that even after prolonged treatment with Br and H,O 
at about 200° some of the nitrophenyl groups in the original material, either a8 
such or in a brominated form, still remain combined with Si; it is possible that 
in these very stable residues the nitro-group is in the o-position. 

In view of the drastic treatment required to decompose the nitro-compound 
with Br it seemed necessary to ascertain whether the possible products of 
fission might have undergone change during the operation. Since the cryst. 
nitro-derivative gives m-bromonitrobenzene only, this product must be stable 
under the experimental conditions; the o- and p-isomerides were therefore 
heated separately with Br and H,O at about 200° during 6 hrs. The p- 
compound was not appreciably changed, but the o-isomeride reacted with the 
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halogen and although most of it was recovered unchanged it gave some 
material ‘not appreciably volatile in steam; this product after recrystn. melted 
at 124°, contained N and halogen, and was possibly 2 : 4: 6-tribromonitro- 
benzene. It is concluded, therefore, that the ill-defined nitro-compound, in 
addition to m- and p-, contains o-nitrophenyl groups, which either before or 
after fission undergo bromination, giving finally polybromo- and bromonitro- 
derivatives of C,H. 

As the nitro-compound was so stable towards Br, attempts were made to 
decompose it with Cl. The substance (0-5 g.) was dissolved in trichloroacetic 
acid, and Cl passed through the boiling solution during some 9} hrs.; only 
about 0-14 g. of volatile product had then been formed, so it was not examined. 
The substance (0-5 g.) was also heated in a stream of moist Cl at about 200° 


during 11} hrs., but only about 0-06 g. of volatile matter was obtained and _ 


most of the material seemed to be unchanged. 

Unsuccessful attempts to synthesise tetra-o-nitro- and tetra-p-nitro-tetra- 
phenylsilicane from SiCl,, Na, and the required chloronitrobenzenes in ethereal 
solution were made by Polis (loc. cit.). The authors, using m-chloronitro-, 
p-bromonitro-, and p-iodonitro-benzene, also failed to achieve the desired 
result; from p-bromonitrobenzene small proportions of pp’-dibromoazo- 
benzene and pp’-dibromoazoxybenzene were formed. 


UNIVERSITY CoLLEGE, NoTTINGHAM. [Received, June 7th, 1932.] 





308. Organic Derivatives of Silicon. Part XLVII. 
cycloHexylphenyl and cycloHexyl Derivatives. 


By N. W. Cusa and F. 8. Kippine. 


WuEN the crude product of the interaction of silicon’ tetrachloride 
and cyclohexyimagnesium bromide (24 mols.) is distilled (35 mm.), 
it affords only a very small yield of dicyclohexylsilicon dichloride 
because this compound undergoes decomposition above 150° with the 
elimination of dicyclohexyl and cyclohexyl chloride and the form- 
ation of substances containing linked silicon atoms (Palmer and 
Kipping, J., 1930, 1020). Some of the simpler silicon compounds 
in the very complex mixture which is thus formed were shown to be 
cyclohexy! derivatives of silicon hexachloride, but on hydrolysis they 
gave only resinous or glue-like mixtures. 

As these observations suggested the possibility of a new method 
of bringing about the direct union of silicon atoms, cyclohexyl- 
phenylsilicon dichloride was prepared in the hope that it would behave 
like the dicyclohexy] derivative and give compounds containing Si-Si 
links, but which on hydrolysis would afford crystalline substances. 

This hope, however, has not been realised. cycloHexylphenylsilicon 
dichloride decomposes only to a very slight extent when it is heated 
and may be distilled even under atmospheric pressure; dicyclo- 
hexylphenylsilicyl chloride also is unexpectedly stable at high tem- 
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peratures and gives only a very small proportion of products which 
evolve hydrogen with alcoholic potash. 

cycloHexylphenylsilicanediol, C,H,,‘SiPh(OH),, like all such 
diols, readily undergoes condensation, giving glue-like mixtures, 
but only trianhydrotriscyclohexylphenylsilicanediol, (C,H, ,°SiPhO),, 
was isolated. Cryoscopic determinations of the molecular weight 
of this compound gave abnormally low values (compare Kipping, 
J., 1912, 101, 2125; Pink and Kipping, J., 1923, 123, 2830). 
Trianhydrotrisdicyclohexylsilicanediol also gave anomalous values 
of the same order (p. 2209). 

Dicyclohexylphenylsilicol, (CgH,,),SiPh-OH, unlike all other 
tertiary silicols which have so far been examined, cannot ap- 
parently be converted into the corresponding oxide—a possible 
case of steric hindrance. Since this silicol contains the group 
>CH-Si(OH)<, attempts were made to convert it into an un- 
saturated compound by the elimination of water, but without success; 
this result confirms the view (Kipping, J., 1927, 104) that substances 
containing a Si—C binding are probably incapable of existence. 

From the products of the hydrolysis of fractionated cyclohexyl- 
phenylsilicon dichloride, a very small proportion of dicyclohezyl- 
silicanediol (m. p. 164—165°) was isolated, from which fact it must 
be concluded that cyclohexylmagnesium bromide may substitute 
a cyclohexyl for a phenyl group of phenylsilicon trichloride or of 
cyclohexylphenylsilicon dichloride. Indications of similar dis- 
placements have been previously observed (Marsden and Kipping, 
J., 1908, 93, 208; Robison and Kipping, ibid., p. 441; Kipping, J., 
1907, 91, 730). The present case offers conclusive evidence that 
such reactions actually occur, since the phenylsilicon trichloride 
from which the dicyclohexylsilicanediol was obtained could not have 
contained any silicon tetrachloride. 

Trianhydrotrisdicyclohexylsilicanediol, [Si(Cg5H,,),0],, is obtained 
by treating dicyclohexylsilicanediol with bromine and by heating 
dicyclohexylphenylsilicol with nitric acid, or with bromine, in acetic 
acid solution. It is rather surprising that bromine should bring 
about an almost quantitative condensation of the diol into the ter- 
molecular product, and also that it should displace the phenyl group 
of the silicol so readily under the given conditions. The rapid 
displacement of the phenyl group of the silicol by the action of nitric 
acid is also an unexpected result, since under similar conditions 
triphenylsilicol is merely converted into the oxide (Lloyd and 
Kipping, J., 1901, 79, 455). The yields of cyclohexylphenylsilicon 
dichloride and dicyclohexylphenylsilicyl chloride from the original 
interaction are exceptionally poor and, although nearly 50% of the 
phenylsilicon trichloride is unchanged, a very considerable pro- 
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portion of the crude material consists of liquids of very high b.p. 
and of an undistilled resinous solid; these by-products, unlike those 
obtained by Palmer and Kipping (loc. cit.), have relatively small 
hydrogen values and their nature has not been elucidated. 


EXPERIMENTAL. 


An ethereal solution of the Grignard reagent prepared from Mg (48 g.; 
2 atoms) and sufficient (480 g.) cyclohexyl bromide to dissolveit in an atmosphere 
of N at 0° (yield of Grignard compound, about 50%) is slowly added to well- 
stirred PhSiCl, (211 g.; 1 mol.) diluted with 3 vols. of C,H, (Kipping and 
Murray, J., 1927, 2734); a slight development of heat occurs but very little 
separation of Mg salt takes place, even after 3—4 hrs.’ heating on the water- 
bath. The solvents are therefore evaporated and the residue is heated at 
100° to complete the pptn. The product, when free from combined Mg, is 
distilled (2—3 mm.). PhSiCl, (about 100 g.) passes over at 60—70°, dicyclo- 
hexyl (about 50 g.) at 80—90°, cyclohexylphenylsilicon dichloride (15—20 g.), 
together with a small proportion of dicyclohexylphenylsilicyl chloride, at 120— 
150°, a variable quantity (5—20 g.) of the last-named compound at 170—200°, 
and @ very viscous reddish liquid (10—20 g.) at 200—300°. The residue 
(30—40 g.) does not boil at 300° (1 mm.) and when cold is a pale yellow resin 
which has a H value of only about 4 c.c. per g. and contains 3—5% of Cl. 

cycloHexylphenylsilicon dichloride, C,H,,‘SiPhCl,, is obtained, by further 
fractionation of the crude product, as a colourless oil, b. p. 123—125°/ 0-5 mm. 
and 163—165°/4 mm., which fumes only slightly in moist air, acquires a bluish 
hue on exposure to light, and distils under atm. pressure with only very slight 
decomp., but neither the residue nor the distillate gives any appreciable 
quantity of H with Me,CO and alkali (Found: Cl, 27-6. 27-6. C,,H,,Cl,Si 
requires Cl, 27-4%). 

cycloHexylphenylsilicanediol passes into solution as its K derivative when 
the dichloride is dropped slowly into ice-cold 5% KOH aq.; an insol. oil is 
also formed. The diol, pptd. by acids in a cotton wool-like form (yield, about 
80%) from the filtered solution, is washed, and repeatedly crystailised from aq. 
Me,CO or from light petroleum containing a little Et,O0 (Found: Si, 12-8, 
12-9, C,,H,,0,Si requires Si, 128%). The air-dried cryst. powder melts 
and then effervesces with loss of H,O at 123—124° when it is heated fairly 
rapidly. It is readily sol. in many of the common solvents in the cold and 
also in warm light petroleum, CS,, and boiling H,O. 

Trianhydrotriscyclohexylphenylsilicanediol. — cycloHexylphenylsilicanediol 
readily undergoes condensation. When ite aq. solution is heated or its 
Me,CO solution is treated with HCl aq., or its solutions in caustic alkalis are 
warmed, it gives oily mixtures, the components of which could not be isolated. 
When the diol is heated alone in an open vessel at about 150° for 1 hr., the loss 
in wt. is greater than that (8-1%) calc. for 1H,O, owing to the volatilisation of 
tome organic matter, but the resinous residue affords no cryst. material. On 
hydrolysis with warm alc. KOH these mixtures of condensation products are 
almost completely converted into K salts of the diol. A cryst. condensation 
product was isolated by dissolving the diol in cold AcCl and evaporating the 
solution at room temp.; the glue-like residue, which was miscible with most 
of the ordinary organic solvents, including light petroleum, fractionated from 
iq. EtOH, gave about 10% of cryst. wrrianhydrotriscy clohexylphenyletlicanediol, 
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m. p. 117—118°, the rest of the material remaining in a glue-like form [Found ; 
C, 70-5; H, 7-8; M, in camphor, 500, 560. (C,H,,SiPhO), requires C, 70:5; 
H, 7-8%; M, 613]. This compound is relatively sparingly sol. in cold Me,CO 
and EtOH, from which it crystallises in needles, but all other solvents which 
were tried gave glue-like products. It can be distilled unchanged in small 
quantities and is hydrolysed by ale. KOH. 

Dicyclohexylphenylsilicyl chloride is obtained in a practically pure state by 
fractionating the crude product collected from about 170—200°/2—3 mm.; 
it has b. p. 188—192°/2 mm. and solidifies in long prisms, but is so readily sol. 
in light petroleum and other anhydrous solvents that it cannot be recrystallised. 
Freed from traces of oil on porous earthenware, it melts at 45—48° (Found ; 
Cl, 11-6, 11-6. C,,H,,CISi requires Cl, 11-55%). It acquires a purple colour 
on exposure to light, does not fume perceptibly in moist air, and is only slowly 
hydrolysed by cold H,O. It distils without appreciable decomp. under atm. 
pressure; the very small proportion of residue gives H with Me,CO and alkali, 
but has only a very low H value. 

Dicyclohexylphenylsilicol, prepared by adding aq. alkali to an acetone 
solution of the preceding compound and then evaporating the organic solvent, 
quickly solidifies and after being washed and dried separates from Et,O or 
light petroleum in large, well-defined, transparent prisms, usually hexagonal 
in outline; m. p. 145—146° (Found: C, 75-3; H, 9-8; Si, 9-5, 9-6; M, in 
camphor, 270—300, in C,H,, 287. C,,H,,OSi requires C, 74-9; H, 9-6; Bi, 
9-7%; M, 288). I dissolves freely in the cold in all the common organic 
solvents except light petroleum, but is insol. or nearly so in caustic alkali; it 
distils without appreciable decomp. When the silicol is boiled with AcCl 
and the reagent is then distilled, there remains an oil which apparently is 
mixture of silicol and silicyl chloride; after having been kept during several 
days in a vac. over caustic alkali the percentage of Cl in the product indicates 
the presence of about 68% of the chloride. From boiling Ac,O the silicol 
crystallises unchanged. 

The silicol could not be converted into the oxide by treating it with alkalis, 
NaOEt, or ale. HCl; when it was heated during many hrs. with Me,CO and 
conc. NaOH aq., it gave traces of matter which was sol. in aq. alkali, owing no 
doubt to the partial elimination of one of the cyclohexyl groups. 

Dicyclohexylsilicanediol, (C,H, ,),8i(OH),.—The insol. oil which is formed 
when redistilled cyclohexylphenylsilicon dichloride is hydrolysed with KOH 
aq. is washed with H,O and dissolved in Me,CO; the solution very slowly 
deposits a mixture of crystals and glue-like material. The latter is very 
readily dissolved by cold CHCl, and the residue then crystallises from AcOEt 
or light petroleum in prisms or needles, m. p. 164—165°. ‘The matter sol. in 
CHCl, is doubtless a complex mixture of the condensation products of cycl- 
hexylphenylsilicanediol and probably contains also corresponding products 
of the dicyclohexylsilicanediol. The yield of eryst. dicyclohewylsilicanediol is 
only about 0:1 g. from 10 g. of the impure cyclohexylphenylsilicon dichloride 
(Found: C, 63-2; H, 10-4; M, in AcOH, 226. C,,H,,0,S8i requires C, 63:1; 
H, 10-5%; M, 228). 

Dicyclohexy|silicanediol decomposes with efferv. a few degrees above its 
m. p., giving glue-like condensation products from which a cryst. substance, 
m. p. 110°, was isolated but not characterised; it is insol. or nearly so in 
H,0 and in caustic alkali, sparingly sol. in C,H, and CHCI,, and freely in cold 
EtOH, Me,CO, or Et,0. When it is treated with Br in AcOH at 80—90°, 
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trianhydrotrisdicyclohexylsilicanediol (m, p. 237—-239°) is pptd. within a few 
mins. and the change seems to be complete. 

Trianhydrotrisdicyclohexylsilicanediol is obtained when a solution of di- 
cyclohexylphenylsilicol in hot AcOH is treated with a few drops of conc. 
HNO,. The solution becomes brown and in a few mins. the termolecular 
silicon compound is pptd.: this product is also formed, but not so quickly, 
when the silicol is boiled with HCl in AcOH. It crystallises from Me,CO- 
CHC], or C,H,-light petroleum in transparent rhomboidal plates, m. p, 
237—239° after sintering at about 230° (Found: C, 68-5; H, 10-5; Si, 
13-5; M, in camphor, 530—550. C,,H,,O,Si,; requires C, 68-5; H, 10-5; 
Si, 13-56%; M, 631). 

This compound is also produced when Br is added to a warm solution of 
dicyclohexylphenylsilicol in AcOH, a cryst. ppt. being formed almost im- 
mediately. The crude product is a mixture, m. p. 200—205°. A considerable 
proportion of the main component (about 80% of the mixture) can be isolated 
by fractional crystn. from C,H, and light petroleum; it is thus obtained in 
thomboidal plates identical with those described. The two components in 
the more sol. fractions are not easily separated except by mechanically sorting 
the rhomboidal plates from the rectangular crystals in the deposit. Quant. 
expts. show that in AcOH the decomp. of the tertiary silicol by Br is approxi- 
mately quantitative. This condensation product is not easily hydrolysed by 
KOH in aq. Me,CO or EtOH owing to its slight solubility, but when it is 
heated with pyridine and KOH aq. it is partly converted into dicyclohexyl- 
silicanediol. 

The rectangular crystals sorted from those of trianhydrotrisdicyclohexy]- 
silicanediol were recryst. from C,H, and from AcOEt-CHCl,. Even after 
several operations the product did not melt sharply, softening at 280° and 
melting at about 284°. This substance is probably a crystallographic mixture 
of trianhydrotris- and tetra-anhydrotetrakis-dicyclohexylsilicanediol analogous 
to that formed from the two corresponding diphenyl compounds (Kipping, 
J, 1912, 101, 2139) {Found : C, 685; H, 105; M, in camphor, 712, 
((C.H, ,),Si0], requires C, 68-5; H, 10-5%; M, 841}. 


The authors are indebted to the Department of Scientific and 
Industrial Research for a maintenance grant to one of them 
(N. W. C.). 
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309. Molecular Dissymmetry dependent on Restriction 
of Rotation about a Single Bond. Part I. 
Optically Active 8-Benzenesulphonylethylamino-1- 
ethylquinolinium Salts. 


By W. H. Mitts and J. G. BRECKENRIDGE. 


It was shown by one of us and Elliott (J., 1928, 1291) that benzene- 
wlphonyl-8-nitro-l-naphthylglycine (I) could be obtained in 
optically active forms, and the molecular dissymmetry of this 
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compound thus demonstrated was referred to the restriction, by the 
8-nitro-group, of the rotation of the Ph‘SO,*N-CH,°CO,H complex 
about the bond linking it to the naphthalene nucleus. At the same 
time it was pointed out that similar spatial relationships should 
exist in the quaternary salts of appropriate 8-substitution deriva- 
tives of quinoline. 


Ph:SO,. CH,*CO,H 
N 
NO, 


(I.) | N | N |X 
Ph-SO,"NR Ph:SO,"NR R’ 
(IT.) (TIT.) 

An account is now given of the preparation and stereochemical 
investigation of some quinoline derivatives of the type contemplated, 
These were quaternary salts of the general formula (III), in which 
R and R’ represent alkyl groups and X is the acid radical of the salt. 

Whilst a fundamental change in chemical character is brought 
about through the replacement of the —C(NO,) complex in the 


naphthalene compound by the =N(Alk)}X of the quinolinium salt, 
a close stereochemical relationship persists between the two types. 
The nitro-group and the alkyl radical are similarly placed with 
respect to a disubstituted amino-group in the 8-position. If, 
therefore, the optical activity of the naphthalene derivative was 
correctly attributed to the restricted rotation of the latter group, 
corresponding effects should be observed in the quinolinium salts, 
since in them the l-alkyl group should similarly restrict the rotation 
of the adjacent Ph-SO,"NR complex. 

The compounds investigated were obtained from 8-benzene- 
sulphonylaminoquinoline. The mobile hydrogen atom in the 
Ph-SO,-NH group in this substance could be readily replaced by 4 
series of different alkyl radicals—methyl, ethyl, n-propyl, and 
benzyl—to give bases of the general formula (II). The conversion 
of these bases into quaternary salts (III) was, however, difficult, 
except when the radical R’ was methyl, evidently on account of 
steric hindrance. 

When the radical R’ in these compounds was a methyl group, 
no evidence of ability to exist in optically active forms was obtained. 
Thus, the crystalline 8-benzenesulphonyl-n-propylamino-1-methyl- 
quinolinium d-bromocamphorsulphonate showed no mutarotation in 
solution. It would appear, therefore (though we do not wish to 
stress this negative evidence), that the methyl group does not offer 
sufficient obstruction to the rotation of the SO,Ph-NR complex to 
allow of optical activation being detected under the conditions of 
our experiments. 
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But when the radical R’ on the nitrogen atom of the quinoline 
nucleus is an ethyl group, its effect in restricting the rotation of the 
neighbouring disubstituted amino-group becomes apparent, for we 
were able to show that 8-benzenesulphonylethylamino-1-ethylquin- 
olinium iodide (III; R= R’ = Et) can exist in optically active 
modifications. Like the naphthalene derivative (I), the substituted 
quinolinium ion shows only a limited optical stability, and its 
rotatory power in solutions of its salts diminishes more or less 
rapidly according to the temperature, the solvent, and the anion of 
the salt. 

The activation was carried out with d-«-bromocamphor-z-sul- 
phonic acid. When an acetone-ethyl acetate solution of the d- 
bromocamphorsulphonate was allowed to evaporate slowly, the 
d-8-benzenesulphonylethylamino-l-ethylquinolinium d-bromocam- 
phorsulphonate was deposited as a dihydrate in large crystals. A 
solution of this salt in chloroform, kept at 19-5°, showed in the 
mercury green light an initial rotation «;,,, of + 3-03°, which gradu- 
ally sank during 12 days to a final value of + 1-08°. The muta- 
rotation proceeded according to the law for a first-order reaction 
with a half-change period of 42 hours. 

In aqueous solution the mutarotation was very much more rapid, 
the half-change period being 0-9 min. at 0°. The final molecular 
rotation in aqueous solution was exactly that of the d-bromocam- 
phorsulphonate of an optically inactive kation. It was to be inferred, 
therefore, that the mutarotation was due to the autoracemisation of 
a dextrorotatory form of the substituted quinolinium ion, and it 
was possible to prove this by showing that the corresponding iodide 
was dextrorotatory. 

The replacement of the bromocamphorsulphonate ion by the 
iodide ion was effected by shaking the colourless chloroform solution 
of the bromocamphorsulphonate with an aqueous solution of 
potassium iodide. The resulting quinolinium iodide, being sparingly 
soluble in water, is kept practically entirely in the chloroform layer, 
which accordingly becomes yellow, and the potassium bromo- 
camphorsulphonate formed passes wholly into the aqueous layer. 
The change 


Qu’C,,H,,BrSO, + KI—>QulI + K-C,,H,,BrS0, 


thus proceeds practically to completion. 

On account of the yellow colour of the iodide, it was necessary to 
employ the yellow mercury light and to use yery dilute solutions for 
the polarimetric observations. In spite of the low concentrations 
employed the solutions showed dextrorotations of just over 1°. 
These dextrorotations diminished in accordance with the law for a 
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first-order reaction and finally sank to zero, showing that the bromo. 
camphorsulphonate had been completely converted into the corre- 
sponding iodide. Since the salts were losing optical activity from 
the moment of contact with a solvent, and the operations of dissolv- 
ing the bromocamphorsulphonate and its conversion into iodide 
required some minutes to carry out, accurate values for the specific 
and molecular rotations evidently could not be obtained. Thus, in 
a series of different experiments the earliest readings obtainable 
gave values for the specific rotations of the iodide (in moist chloro- 
form solution) of [«];.3) + 410°, 424°, and 368°. The highest of 
these numbers corresponds with a molecular rotation [M],.,, 
-+ 1982°, and even this must necessarily be considerably below the 
true value. The optically pure iodide is therefore a compound of 
very high rotatory power. 

The extent to which variations in the environment of the quinolin- 
ium complex modify the effectiveness of the obstruction which the 
l-ethyl group opposes to the rotation of the adjacent disubstituted 
amino-group is noteworthy. Thus, at 18° the inactivation of the 
complex, when present as bromocamphorsulphonate in chloroform 
solution, proceeds with a half-change period of over 43 hours, but as 
iodide in moist chloroform its half-change period is about 14 minutes. 
Moreover, whilst the half-change period of the bromocamphorsul- 
phonate in chloroform is 43 hours, in alcohol it is less than 4 minutes, 
and in water it is much shorter still. 

Also, the more readily the racemisation occurs, the less is the heat 
of activation as calculated from the effect of temperature on the 
change. Thus, whilst the heat of activation in the racemisation of 
the complex as iodide in chloroform is 37-4 kg.-cals., that as bromo- 
camphorsulphonate in alcohol is 14-6 kg.-cals. 

In the case of the 8-nitro-l-naphthylglycine it was possible, with the 
aid of a single alkaloid, to obtain either the d- or the /-form according 
to the solvent employed for the crystallisation of the salt. A similar 
phenomenon was observed with 8-benzenesulphonylethylamino-|- 
ethylquinolinium bromocamphorsulphonate, and provided a method 
for obtaining the levorotatory iodide. 

When the d-bromocamphorsulphonate was dissolved in ethyl 
acetate—methyl alcohol and the solution was allowed to evaporate 
slowly, crystals similar to those obtained from ethyl acetate—acetone 
solutions, but much smaller, were formed. On polarimetric examin- 
ation they were found to be the d-bromocamphorsulphonate of the 
l-quinolinium base. Observed in chloroform solution at 18-5° in 
the green mercury light, they showed an initial levorotation which 
gradually diminished to zero in 37 hours and then passed into 4 
dextrorotation which increased towards a steady value which was 
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practically attained after 15 days. The specific rotation corre- 
sponding with this equilibrium value was identical with that found 
for the d-bromocamphorsulphonate of the d-base in chloroform, and 
the velocity constants for the partial racemisation of the two salts 
were practically the same. 

From this bromocamphorsulphonate of the /-base, the l-iodide 
was obtained in the same way as the d-iodide from the bromo- 
camphorsulphonate of the d-base. It showed an initial specific 
rotation [«]}{*5; — 398° in moist chloroform, which gradually sank to 
zero in over 70 mins. with a half-change period at 18-5° of 13-7 mins. 

There is thus very definite evidence that 8-benzenesulphonylethyl- 
amino-1]-ethylquinolinium iodide can exist in optically active forms. 
This compound, therefore, shows the behaviour to be expected on 
the theory of the mechanical restriction of rotation about a single 
bond, And the fact that the procedure by which the ethiodide was 
activated failed to activate either the corresponding methiodide or 
the propyl methiodide would appear to confirm this theory. 


EXPERIMENTAL. 


8-Benzenesulphonylaminoquinoline was prep. by adding a pyridine solution 
of benzenesulphonyl chloride gradually to a solution of the equiv. quantity 
of 8-aminoquinoline in the same solvent and leaving the mixture over-night. 
The product, obtained by pptn. with H,O and recrystn. from alcohol, formed 
colourless crystals, m. p. 133-5° (Found: 8S, 11-3. C,,;H,,0,N,8 requires 
8, 11:3%). 
8-Benzenesulphonylethylaminoquinoline.—To a solution of 8-benzenesul- 
phonylaminoquinoline in abs. EtOH, the equiv. quantity of an'alc. solution of 
KOEt was added. The K derivative, pptd. as fine greenish-yellow crystals, 
was dried at 150° and heated in quantities of 10 g. in sealed tubes with a slight 
excess of EtI (3 ¢.c.) for 6 hrs. at 115°, The product was extracted with hot 
EtOH, and, on cooling, colourless crystals, m. p. 136-5°, were deposited in 
67% yield (Found: ©, 65-6; H, 5-2; 8S, 10-3. Cy ,H,,0,N,8 requires 
C, 65-4; H, 5-1; 8, 103%). 
8-Benzenesulphonylethylamino-1-methylquinolinium Iodide.—The foregoing 
compound was heated on the water-bath with 1 equiv. of Me,SO, until the 
resulting oil solidified (4 hr.). The product, cryst. from Me,CO, gave minute 
colourless crystals of the methosulphate, m. p. 192°. This, treated with excess 
of KT aq., yielded the methiodide as an orange oil which crystallised on stand- 
ing. Recryst. from EtOH or Me,CO, the pure methiodide was obtained as 
orange crystals, m. p. 169-5° (Found: I, 27-9. C,H,,0,N,SI requires I, 
28-09%). ‘ 
8-Benzenesulphonylethylamino-1-metiylquinolinium d-a-Bromocamphor-n-sul- 
phonate.—The above methiodide was treated in abs. EtOH with the equiv, 
quantity of silver a-bromo-7-camphorsulphonate. The filtrate from the Agl, 
@vaporated in a vac. desiccator, left a gum which crystallised after some 
weeks (Found: Br, 12-1; 8S, 9-7. CygH,,;0,N,8,Br requires Br, 12-5; §, 
10-0%). Attempts to recrystallise the salt were unsuccessful, and it gave no 
evidence that the original crystn. had been accompanied by activation, since 
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it showed no mutarotation in CHCl, solution at 17-5°. The polarimetric data 
were: 1= 2; c= 0-9432; agyg, = + 112°; [a]sqg3 = + 59-4°. 

8-Benzenesulphonylethylamino-1-ethylquinolinium  Iodide.—8 - Benzenesul- 
phonylethylaminoquinoline was heated with 1 equiv. of Et,SO, for 5 hrs. at 125°, 
The resulting hard gum was dissolved in H,O, a small amount of unchanged 
material being filtered off, and an excess of KI was added, the ethiodide being 
then pptd. Recryst. from Me,CO, it formed orange crystals, m. p. 173° 
(Found: I, 27-0. C,,H,,0,N,SI requires I, 27-1%). 

8-Benzenesulphonylethylamino-1-ethylquinolinium d-a-Bromocamphor-n-sul- 
phonate.—A dil. solution of the foregoing ethiodide in abs. EtOH was added 
gradually to the equiv. quantity of silver bromocamphorsulphonate in the 
same solvent. The filtrate from the pptd. AgI was evaporated in a desiccator, 
the gummy residue dissolved in Me,CO, EtOAc added, and the mixture allowed 
to evaporate slowly. During 5 days large colourless tabular crystals were 
deposited, some of them being 1-5 cm. long. These were a dihydrate of the 
bromocamphorsulphonate, m. p. 104—107° (Found: H,O, 5-1; C, 50-9; 
H, 5-8. C,.H,,0,N,S,Br,2H,0 requires H,O, 5-2; C, 50-7; H, 5:-7%). The 
anhyd. salt can be obtained in cryst. form by slow pptn. of the abs. EtOH 
solution of the gummy salt with anhyd. Et,O. 

Mutarotation of d-8-Benzenesulphonylethylamino-1 -ethylquinolinium d-Bromo- 
camphorsulphonate.—(a) In aqueous solution. The following observations of 
the mutarotation of this compound were made on an aq. solution (16 c.c.) 
of the anhyd. salt (0-168 g.) in a 2-dm. tube at 1-8°. The first reading was 
taken 0-75 min. after wetting the salt. The first-order reaction velocity const. 
k in this table and throughout this paper is calculated with decadic logarithms. 


t, MINS. 5461- k. t, MINS. 4546+ k. t, MINS. a5463- k. 

0 +-2-09° - 2:13 +1-29° 0-346 4:95 +1-13° 0-342 

0-44 1-78 0-376 257 1:22 0369 550 1-12 0-362 

0-92 1-60 0-327 3-18 1:19 0-372 6-75 1:12 0-296 

125 146 0-357 3-75 1:16 0845 1750 ll — 

1-75 1:37 0-329 4-35 1:14 0-349 ) 1-11 — 

In a second series of observations made at 1-5° an aq. solution (16 c.c.) of the 
anhyd. salt (0-2344 g.) showed in a 2-dm. tube an initial rotation a,,,, + 2-45° 
(1-47 mins. after wetting the salt), and this sank to a final value + 1-55° in 
18 mins. in accordance with the law for a reaction of the first order (k = 0-314). 

(b) Mutarotation in chloroform solution. The remaining observations were 
carried out with the more readily obtainable dihydrate of the salt. The 
following readings were made on a CHCl, solution (25 c.c.) of the dihydrate 
(0-2285 g.) in a 2-dm. tube at 18-5°: Initial obs. rotations a5) + 2-67°, ages; 
+ 3-03°, agssg + 4°57°; final obs. rotations (after 12 days) as7.9 + 0-88°, aga 
+ 1-08°, ays5g + 2°45°; mean value of k (hr.) = 0-0072. 

(ce) Mutarotation in alcoholic solution. An alc. solution (25 c.c.) of the di- 
hydrate (0-0453 g.) in a 2-dm. tube at 17-4° showed the following rotations, the 
first reading having been taken 4:75 mins. after wetting the salt: Initial 
reading as4,, + 0°47°; final reading (25 mins.) a54,, + 0-20°; mean value of 
k 0-077. 

A second series of readings was made on an alc. solution (25 c.c.) of the di- 
hydrate (0-0461 g.) in a 2-dm. tube at a lower temp. (5-5°), the first observation 
having been made 5-50 mins. after wetting the salt: Initial reading as4.; + 
0-55°; final reading (after 40 mins.) a5,,, + 0-21°; mean value of k 0-026. 

From the mean values of the velocity consts. in the two foregoing series of 
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observations, viz., ky,4- = 0-077 and k;.5. = 0-026, the calc. heat of activation 
is 14,610 cals. 

Deatrorotatory 8-Benzenesulphonylethylamino-1-ethylquinolinium Iodide.— 
A CHCl, solution (25 c.c.) of the bromocamphorsulphonate dihydrate (0-0462 
g.) was shaken with conc. KI ag. The yellow CHC\, solution of the d-iodide 
thus obtained was examined in a 2-dm. tube in the yellow mercury light at 
19°. On account of the absorption of the light it wes necessary to use dil. 
solutions. The initial reading was taken 4 mins. after adding the KI aq. 
The initial rotation obs. was ag79 + 1-03°, and this sank, in accordance with the 
unimolecular law, to zero in over 70 mins. (mean value of k 0-022). 

Another solution, prep. in the same way from 0-0436 g. of the bromocam- 
phorsulphonate dihydrate, showed an initial rotation, a579, of 1-01°, which 
sank to zero in over 70 mins. at 19-5° with a first-order reaction velocity const. 
(time in mins.) of 0-0235. 

A similar series of readings of the mutarotation of the d-iodide in moist 
CHCl, was taken at 4-7°, the iodide being prepared from a CHCl, solution 
(25 c.c.) of the bromocamphorsulphonate dihydrate (0-0275 g.) and KI aq. 
The initial rotation obs. was as7.)9 + 0-55°, and this sank to zero in over 650 
mins., the mean value of k being 0-00077. 

The values of the velocity consts. in the three series of observations on the 
d-iodide being taken as k,- = 0-022, k49.5- = 0-0235, and k,.,. = 0-00077, com- 
bination of the Ist and 3rd values gives a heat of activation of 37,650 cals. and 
of the 2nd and 3rd 37,140 cals. 

Salis of the Levorotatory Form of the 8-Benzenesulphonylethylamino-1-ethyl- 
quinolinium Ion.—(a) The d-bromocamphorsulphonate. The crystals obtained 
by allowing a solution of the gummy form of the bromocamphorsulphonate in 
EtOAc-MeOH to evaporate were found, on polarimetric examination, to 
consist of a salt of the levorotatory base. The following readings were taken 
on @ CHCl, solution (25 c.c.) of the salt (0-1765 g.) in a 2-dm. tube at 18-4°: 
Initial obs. rotations a57.9 —0°70°, ag4g, —0°68°, agg53 +0°25°; final obs. rotations 
(after 12 days) agzg9 + 0°68°, agag, + 0°83°, aggsg + 1°89°; mean value of k(hr.) = 
0-0073. 

(b) The levorotatory iodide. A CHCl, solution (25 c.c.) of 1-8-benzene- 
sulphonylethylamino-1-ethylquinolinium bromocamphorsulphonate (0-0384 g.) 
was shaken with conc. KI aq. and the resulting solution of the quinolinium 
iodide in moist CHCl, was polarimetrically examined in a 2-dm. tube at 18-5°. 
The readings were as follows, the first having been made 4—5 mins. after 
contact with the KI aq.: Initial reading, a574, — 0-83°; final reading (after 
>70 mins.) 0-00°; mean value of k = 0-023. 

8-Benzenesulphonyl-n-propylaminoquinoline. — 8-Benzenesulphonylamino- 
quinoline was converted into its K derivative as before (p. 2213), and this was 
heated in portions of 10 g. with the equiv. quantity of PrI in sealed tubes at 
120° for 3—4 hrs. The product was extracted with EtOH, and the solution, 
after filtration from unchanged K salt, was poured into H,O, and the pptd. 
propyl derivative taken up in Et,0. The Et,O solution, dried (K,CO,) and 
concentrated, deposited the substance as colourless crystals, m. p. 66-5°, very 
sol. in EtOH, Et,0, or C,H, (Found: N, 8-8, 8-7. C,,H,,0,N,5 requires 
N, 8-6%). 

8-Benzenesulphonyl-n-propylamino-1-methylquinolinium Iodide.—8-Benzene- 
sulphonyl-n-propylaminoquinoline was heated with the equiv. quantity of 
Me,SO, on the water-bath till solid (} hr.). The product, recryst. from 
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Me,CO, gave colourless crystals of the methosulphate, m. p. 168°, very sol. in 
H,0 or EtOH. The methiodide was obtained, by treating the aq. solution of 
the methosulphate with KI, as orange crystals, m. p. 162° (Found: I, 27-0, 
C,,H,,0,N,SI requires I, 27-:1%). 

8-Benzenesulphonyl-n-propylamino-1-methylquinolinium d-a-Bromocamphor. 
1 -sulphonate.—This was obtained in the usual way from silver bromocamphor. 
sulphonate and the iodide in alc. solution as a gum which crystallised from 
H,O as a trihydrate, m. p. 105° (Found: H,O, 7:6. C,.H,,0,N,S,Br,3H,0 
requires H,O, 7:7%). The 3H,0 was lost in a vac. desiccator, giving the 
anhydrous salt, m. p. 170° (Found: Br, 12-3; 8, 10-0. C,.H,,0,N,8,Br 
requires 8, 9-8; Br, 12-3%). A CHCl, solution of the hydrated salt was 
examined polarimetrically: 1= 2; ¢= 09532; aggg, = + 1:12°; [a}say 
+ 58°8°. No mutarotation was observed. 

8-Benzenesulphonylbenzylaminoquinoline was obtained by heating the K 
derivative of 8-benzenesulphonylaminoquinoline with slightly more than | 
equiv. of CH,PhBr at 160° for 2 hrs. The product was dissolved in hot EtOH, 
and unchanged K derivative filtered off ; the benzyl compound crystallised on 
cooling. Reecryst. from EtOH, it was obtained as yellowish crystals, m. p. 
124° (Found: C, 70-4; H, 4-9. C,,H,,0,N,8 requires C, 70-6; H, 48%). 

8-Benzenesulphonylbenzylamino-1-methylquinolinium Iodide.—8-Benzene- 
sulphonylbenzylaminoquinoline was heated with the equiv. quantity of 
Me,SO, for 3 hrs. on the water-bath. The resulting methosulphate was crystal- 
lised from Me,CO, giving colourless crystals, m. p. 219°, and then converted 
by KI aq. in the usual way into iodide, which formed orange crystals, m. p. 
176° (Found: I, 24:5. C,,H,,0,N,SI requires I, 24-6%). 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, May 24th, 1932.] 





310. Platinum with a Covalency of Four: Diquino- 
linoplatinous Chlorides. 


By E. Gorpon Cox, H. SamncmrR, and W. WaARDLAWw. 


It has been deduced from X-ray measurements that in the salts 
K,PtCl, (Dickinson, J. Amer. Chem. Soc., 1922, 44, 2404) and 
[Pt,4NH,]Cl,,H,O (Cox, this vol., p. 1912) the four associated chlorine 
atoms and the four associated molecules of ammonia are in one 
plane which also contains the platinum atom. These results are 
naturally of interest in view of Werner’s conclusion that the 
isomerism of the diammines and tetrammines of platinous chloride 
is due to the planar distribution of the units about the platinum 
atom when it has a covalency of four. No compound of the type 
PtA,B,, however, has yet been investigated by X-ray methods, 80 
it still remains undecided whether in 4-covalent platinum the 
stereochemical disposition of the units is always planar. The 
experimental data available seem to indicate that in certain cit- 
cumstances the four co-ordinated units are grouped tetrahedrally 
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about the platinum atom. Reihlen (Annalen, 1926, 448, 312) has 
emphasised that in the 6§’8’’-triamminotriethylaminoplatinous 
jodide of Pope and Mann (Proc. Roy. Soc., 1925, 209, A, 444) and 
also in the corresponding dinickel compound, the four nitrogens 
cannot be distributed in a plane around the central metallic atom. 
The possibility that platinum in its 4-covalent compounds can give 
rise to both tetrahedral and planar configurations becomes ‘increas- 
ingly probable. 

To investigate further the influence of the co-ordinated groups 
on the reactions of the diammino- and tetrammino-platinous 
chlorides, we have prepared for the first time in a pure condition «- 
and §-diquinolinoplatinous chlorides (Williams, J. pr. Chem., 1859, 
76, 251). These substances show the substantial differences in 
properties which have already been pointed out (J., 1930, 349; 
this vol., p. 988) amongst similarly related members of a series. 
For example, the @-compound readily gives with silver oxide a 
§-base Pt(qu),(OH),, whilst only traces of an alkaline solution result 
when the «-derivative is similarly treated. Again, the «- is generally 
much less reactive than the ¢-compound. This is seen particularly 
well in the reactions with pyridine. With either pure or aqueous 
pyridine, the «- reacts very slowly with the formation of the tetra- 
pyridino- and the «-dipyridino-platinous chloride. The 6-, on the 
other hand, reacts much more rapidly. The products depend upon 
the temperature of the reaction and the concentration of the 
pyridine. With pure pyridine a quantitative formation of tetra- 
pyridinoplatinous chloride is obtained. With aqueous pyridine, 
varying proportions of [Pt(py),|Cl, and [Pt(py),(qu),}Cl, are isolated. 
The formation of the tetrapyridino-salt is particularly interesting, 
for it indicates that the nature of the co-ordinated groups can 
greatly modify the usual course of these reactions. Generally, and 
in accordance with Werner’s theory, the sole product of a reaction 
between a diammine of platinous chloride and a different amine 
should be the mixed salt PtA,B,Cl,. In this particular case, how- 
ever, the pyridine has replaced the quinoline in a secondary reaction. 

The wide differences in stability of the tetrammines of platinous 
chloride are emphasised by the fact that, whereas in the preparation 
of the tetrapyridino-salt this product is always accompanied by a 
certain amount of «-Pt(py),Cl,,, yet under similar experimental 
conditions the mixed salt [Pt(py),(qu),JCl, is never associated with 
the. mixed diammine, Pt py,qu,Cl,. One must deduce that. in 
aqueous solution the mixed tetrammine is more stable than. the 
simple tetrammine. ‘The least stable tetrammine Of this series is 
the tetraquinolino-salt. Although @-Pt(qu),Cl, is readily soluble in 
excess of warm quinoline, yet a tetrammine cannot be isolated: 
4c 
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Instead, on cooling, a yellow solid separates with quite different 
properties from the §-dichloride: it is, in fact, the «-digquinolino- 
platinous chloride. It is a peculiar observation that the 6-dichloride 
will not react with ammonia and the «-, as expected, is also 
unreactive. 

The curious differences that exist between related series of the 
diammines is well shown by the solubility relationships in chloroform 
of the «- and 6-Pt(py),Cl, and «- and 8-Pt(qu),Cl,. The «-Pt(py),Cl, 
is readily soluble and the §- insoluble. Where, however, the 
«-Pt(qu),Cl, is insoluble in chloroform, the $- recrystallises with 
2CHCI, in characteristic crystals (see p. 2219), which slowly lose 
chloroform when removed from the solution. X-Ray photographs 
showed that after several days the main body of the crystal was 
still unchanged, so that loss of chloroform by the surface layers 
sufficed to cause the considerable opacity and distortion noticed : 
apparently a crystal of ca. 2 mm. diameter takes many days to lose 
all its chloroform. The crystals can be preserved indefinitely in an 
atmosphere of chloroform. Since this compound $-Pt(qu),Cl,,2CHCI, 
parts with its chloroform so reluctantly, it would be considered on 
Werner’s theory to represent a six-point system, such as 
[Pt(NH,),Cl,]. 

Tschugaev and Tschernjaev (J., 1918, 113, 884) have isolated 
the double compound «-[Pt,2NH,OH,Cl,],2CsCl, which they form- 
ulate as [Pt,2NH,OH,Cl,)Cs,. It is possible in the case of the 
compound Pt(qu),Cl,,2CHCl, that the chloroform molecules may 
be co-ordinated through the hydrogen atom, but when hydrogen is 
attached to carbon such a formulation is almost unknown (Sidgwick, 
“Theory of Valency,” p. 117). It is more probable that the 
co-ordination is through the chlorine atom. 


EXPERIMENTAL. 


Preparation of the Isomeric Dichlorides.—To cold K,PtCl, aq. (5 g.; 20 c.c.), 
quinoline (2-8 c.c.) was added. After some time a yellow solid separated, 
which was extracted (Soxhlet) with CHCl,. From the solution produced, 
yellow prismatic crystals A (Fig. 1) separated, consisting of the £-dichloride 
with 2CHCI, [Found: Pt, 25-6. (C,H,N),PtCl,,2CHCl, requires Pt, 25-6%]. 
When the crude product from the initial reaction contained a little C,H,N, 
the crystals obtained from the CHCl, extract were of type B (Fig. 2), ter- 
minated by domatic faces. These, after being washed with cold CHCl, were 
similar in composition to the crystals A. 

To prepare the a-dichloride, the B-compound was dissolved in boiling 
C,H,N. From the reddish-brown solution, the crude yellow a-dichloride 
separated on cooling. This was washed with Et,O, air-dried, and recrystallised 
from m-cresol. After a final washing with Et,O, the crystals were dried in 
vac. over P,O, and solid NaOH [Found: Pt, 37-3. (C,H,N),PtCl, requires 
Pt, 37-2%]. 
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Crystallographic Investigation (by E. G. Cox).—The B-dichloride crystallises 
with 2CHCI, in highly refringent, greenish-yellow prisms, which appear to be 
monoclinic prismatic with axial ratios a:b:c = 0-73;1:0-76; B= 98°; 
d 1:96. When recryst. from CHCl,, the £-dichloride gives crystals which 
exhibit a combination of {010} and {110} in the prism zone terminated by 
{001} (Fig. 1). 

On crystals from solutions containing C,H,N, however, {001} is very small 
or absent entirely, the form {011} appearing in its place, whilst forms which 
seem to be {210} and {101} sometimes occur, the latter being very small 
(Fig. 2). The crystals commence to lose CHCl, soon after removal from the 
solution, becoming semi-opaque and distorted. On this account the values 
given above are only approx. Heating to 80° causes rapid loss of CHCl, and 
formation of B-Pt qu,Cl, (Found: Pt, 37-1. Calc.: Pt, 37-2%). This com- 
pound is sol. in MeCN but sparingly sol. in EtOH and in C,H,. The a-di- 
chloride is a bright yellow powder, insol. in H,O and very sparingly sol. in 
CHCI,. 


Fig. 1, Fie. 2.; 
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The specimen examined (E. G. Cox) seems to consist of two distinct types 
of crystal: (a) Almost colourless needles forming radiated growths; nearly 
all the crystals were tapered at both ends; all showed straight extinction 
between crossed Nicols; high refringence. (6) Yellow plates, mostly aggre- 
gates; the plates are six-sided, the angles between the sides being approx. 
47°, 62°, and 71°; high refringence; extinction directions inclined at approx. 
5° to the bisectors of the 47° angle. 

The differences between the types (a) and (b) seem to be too great to be 
accounted for by difference of habit, since all the crystals are of one crystallis- 
ation. Assuming that the specimen is chemically homogeneous, the substance 
appears to be dimorphous. 

Action of Moist Silver Oxide on the Isomeric Dichlorides.—(1) When the 
B-dichloride is ground in a tube with excess of Ag,O and a little H,O, no 
appreciable reaction takes place. On warming, however, on a water-bath, 
the chloride is decomposed and the filtrate, which reacts alkaline to litmus, 
yields, on conc. in vac. over P,O,, the f-base, Pt qu,(OH), [Found: Pt, 40-1. 
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Pt(C,H,N),(OH), requires Pt, 40-1%). This base is a yellow varnish, very 
sol. in H,O to yield an alk. solution which absorbs CO, if exposed to 
air. When neutralised with dil. HCl aq., the pure f-dichloride is obtained, 
while with HBr aq. the pure f-dibromide separates [Found: Pt, 31-9. 
Pt(C,H;N),Br, requires Pt, 31-8%]. 

(2) The a-dichloride reacts extremely slowly when treated with Ag,O in 
the same manner. Even after 24 hrs. the filtrate is only faintly alk. to litmus, 
and on conc. gives a trace of solid. An indication that the solution contains 
an a-base was obtained by neutralising it with dil. HCl aq., a small yield of 
a white solid insol. in NH, aq. being obtained. 

Action of Pyridine on the B-Dichloride—(a) When the B-dichloride was 
dissolved in boiling C,H,N and the satd. light-yellow filtrate concentrated in 
vac. over P,O,, a white cryst. solid, mixed with a small amount of yellow 
powder was obtained. The white solid was extracted with cold H,O, and 
from this aq. solution white crystals of tetrapyridinoplatinous chloride were 
obtained [Found: Pt, 32-5. Cale. for Pt(C,H,N),Cl,,2H,O0: Pt, 32-5%). 
The yellow powder, insol. in H,O, proved to be a-Pt py,Cl, (Found: Pt, 46-0. 
Cale.: Pt, 46-0%). The formation of the tetrapyridinoplatinous chloride 
was further confirmed by (i) isolating and analysing the plato-salt 
[Pt py,][PtCl,], (ii) decomposing it with HCl aq., and isolating a-Pt py,Cl,. 

(b) If the £-dichloride was treated similarly with C,H,N aq. instead of C,H,N, 
a pale yellow solution resulted, which, on conen. in vac. over CaCl,, gave 4 
white solid associated with a minute trace of a yellow powder. On extraction 
with a small vol. of cold H,O, the white solid readily dissolved and the yellow 
powder remained. On concentrating the filtrate over CaCl, in vac., the white 
solid was recovered. This proved to be a mixture of two salts, which were 
separated by extraction with CHCl,. The CHCI,-sol. portion was B-dipyrid- 
inodiquinolinoplatinous chloride [Found: Pt, 28-6. Pt(C,H;N).(C,H,N),Cl, 
requires Pt, 28-6%] and the insol. part [Pt py,]Cl,,H,O (Found: Pt, 32-4%). 
The proportions of the two tetrammines depended upon the concn. of the 
C,H,N solution and the temp. of the reaction. 

The £-[Pt py.qu,]Cl, is a white powder sol. in H,O, CHCl,, and EtOH. 
On treatment with K,PtCl, aq., a salmon-pink plato-salt results [Found : 
Pt, 41-3. Pt(C,H,N),(C,H,N),(PtCl,) requires Pt, 41-2%]. This salt is 
slightly sol. in H,O. When the aq. solution of 8-[Pt py,qu,]Cl, is warmed 
with dil. HCl aq., a-pyridinoquinolinoplatinous chloride separates [Found : 
Pt, 41-2. Pt(C,H,N)(C,H,N)Cl, requires Pt, 41-2%]. It is sol. in CHCl, 
and its formation is typical of the decomp. of £-mixed tetrammines. 

Action of Pyridine on the a-Dihalide——The a-dihalide shows a marked 
contrast to the f-isomeride in its reactivity to C,H,N. After several days’ 
heating with C,H,N on a water-bath, only a faintly yellow solution is obtained. 
On concentration of this in vac. over H,SO,, the tetrapyridinoplatinous salt 
(Found: Pt, 32-6%), mixed with a-dipyridinoplatinous chloride (Found: Pt, 
46-1%), separates. The formation of the former was again confirmed by 
(a) the isolation of the plato-salt (Found: Pt, 46-0. Calc.: Pt, 46-0%), 
and (b) the recovery of the a-dichloride (Found : Pt, 46-2. Calc. : Pt, 46-0%). 
With C,H,N ag. the reaction is still slower, with similar formation of tetra- 
pyridinoplatinous chloride (Found: Pt, 32-6%). The absence of the mixed 
tetra-salt is probably due to the change of concn. of the C,H,N solution after 
long heating. “However, the a-dipyridinodiquinolinoplatinous chloride is readily 
formed by heating the a-dipyridino-salt with C,H,N. White crystals of the 
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required chloride are obtained on cooling the conc, solution (Found: Pt, 
285%). This mixed tetrammine is sol..in H,O, EtOH, or CHCl. . It gives 
with K,PtCl, a pale pink plato-salt, [Pt quapy,)[PtCl,] (Found: Pt, 41.1%). 


The authors thank the Chemical Society for grants. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, June 4th, 1932.] 





311. _ Experiments on the Synthesis of Anthocyanins. 
Part XIV. Cyanenin Chloride, Malvenin Chlor- 
ide, and an Indication of the Synthesis of Cyanin 
Chloride. 


By AnpR&s Lfon and RopertT Rosinson. 


CONSIDERABLE interest attaches to the 5-glucosides of the chief 
anthocyanidins because they appear to be the products of partial 
hydrolysis of the more characteristic diglucosidic anthocyanins. 
Thus pelargonenin chloride obtained by Wiilstatter and Bolton 
(Annalen, 1916, 412, 133) was shown by its synthesis (Léon, 
Robertson, Robinson, and Seshadri, J., 1931, 2672) to be 5-8- 
glucosidylpelargonidin chloride. Although the method of synthesis 
leaves much to be desired, it has now been applied to the preparation 
of 5-8-glucosidyleyanidin chloride (I; R = H) and 5-8-glucosidyl- 
malvidin chloride (II), which may be termed cyanenin and malvenin 
chlorides respectively. 


a OH Cl OMe 
HO, Or —< 0H HO ee 
C,H, ,0;° (I.) C,H, ,0;°O (IT.) 


Only small quantities of these salts have been accessible, but it has 
been possible to show that their properties in solution are identical 
with those of the monoglucosidic first hydrolytic products of cyanin 
and malvin chlorides. These comparisons were a repetition of those 
already described (J., 1931, 2735) and they gave the results formerly 
recorded, so no further description is necessary; an extract of 
flowers of Malva sylvestris was used for the preparation of natural 
malvenin. 

Although other methods will be used in the substantiation of the 
Claim, we have obtained cyanin chloride in small relative amount 
by the condensation of 2-glucosidylphloroglucinaldehyde (crude 
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product from O-dibenzoylphloroglucinaldehyde by acetylglucosid- 
ation and hydrolysis) with the intermediate for chrysanthemin 
(Murakami, Robertson, and Robinson, J., 1931, 2665) by means of 
hydrogen chloride in ice-cold alcoholic solution. This affords 
support to our view that cyanin chloride has the formula (I; R = 
C,H,,0;). The solid product was not analysed, but was identified by 
by comparisons of distribution ratios and colour reactions of solutions. 


EXPERIMENTAL. 

Glucosidation of O-Dibenzoylphloroglucinaldehyde.—Some modifications of 
the process have been introduced. The reaction mixture was made as 
described by Léon, Robertson, Robinson, and Seshadri (loc. cit.) and with the 
same quantities, but during the first 20 mins. the temp. was not allowed to rise, 
The product was isolated as before and the crude glucoside (3 g.), dissolved in 
abs. EtOH (125 c.c.), was mixed with KOH (2 g.) in abs. EtOH (45 c.c.) and 
kept for 24 hrs. in an atmosphere of coal-gas. This solution is designated (A). 

Cyanenin Chloride (I; R = H).—KOH (2-8 g.) in abs. EtOH (38 c.c.) was 
added to a hot abs. alc. solution of w : 3 : 4-triacetoxyacetophenone (5 g.) and 
after the formation of the greenish-yellow Na salt HCl was introduced until the 
solution was acid. The solution (A) was mixed with anhyd. MgSO, and like- 
wise acidified with HCl at 0°. The solutions were then mixed and saturated 
with HCl below 0°. After 24 hrs. the filtered solution was poured into much 
dry Et,O, and the ppt. collected (0-25 g.); a further equal quantity was 
obtained by extracting the MgSO, with EtOH and precipitating the filtered 
solution with Et,0. The crude cyanenin chloride (1-9 g.) was dissolved in hot 
0-56% HCl aq. (30 c.c.), and cold sat. aq. picric acid (30 c.c.) added. The 
gelatinous deposit was collected at 0° (0-5 g.) and the filtrate was evaporated at 
room temp. in vac. over H,SO,; a cryst. solid (0-35 g.) was thus isolated. 
The crude picrate (0-5 g.) was well washed with Et,O and dissolved in hot 
cold-saturated alc. picric acid; on cooling, a red cryst. powder separated. The 
analytical results showed that this specimen consisted of cyanenin picrate 
crystallised along with about 14% of picrice acid. It was dissolved in MeOH 
and pptd. with Et,O (Found in material dried in a high vac. at 100°: C, 476; 
H, 3-2; N, 6-8. C,,H,,0,,N; requires C, 47-9; H, 3-4; N, 62%), but it still 
contained traces of picric acid. The derivative (1-15 g.) was converted into 
chloride (0-9 g.) in the usual manner and the product was dissolved in the 
minimum of 1% methyl-ale. HCl. The conc. of HCl was increased to 4:2% by 
addition of 24-6% methyl-alc. HCl and after being kept for 3 days at 0° the dark 
greenish-brown, almost black, cryst. aggregates (indefinite prisms) were 
collected. Further fractions obtained from the mother-liquor could not be 
purified. The cyanenin chloride crystallised from 4% HCl aq. in prismatic 
needles exhibiting a weak green lustre (Found in air-dried material : C, 454; 
H, 4:9; Cl, 6-3. C,,H,,0,,C1,4H,O requires C, 45-3; H, 5-2; Cl, 6-4%). 
Cyanenin chloride dissolves in Na,CO, aq. to a bright bluish-green solution, 
and in faintly acid dil. solutions it is rapidly oxidised by ferric salts. These 
properties constitute a sharp distinction from chrysanthemin chloride. 

The distribution number was found to be 22-8 [5-102 mg. in 25 c.c. each of 
equilibrated isoamyl alcohol and 0-5% HCl aq. The quantities of oenin 
chloride mentioned in the tables (J:, 1931, 2720) were dissolved in 50 c.c. of 
the mixed solvents and not in 50 ¢.c. of each solvent]. 
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Under the conditions prescribed by Robertson and Robinson (Biochem. J., 
1929, 28, 35) the following colour reactions were observed in a series of solutions 
of graded py: (1) rose, fading rather slowly ; (3) cherry-red, fading rapidly, 
almost colourless in 1 min.; (5) bright reddish-violet, fading more slowly than 
(3); (7) bluer reddish-violet ; (9) a little bluer; (11) a little bluer; (13) blue- 
violet; (15) blue without violet tinge. After 2 hrs. : (1), (3), and (5) faint 
pink; (7), (9), and (11) reddish-violet; (13) violet; (15) colourless. After 5 
hrs.: (1), (3), (5), and (15) colourless; (7) almost colourless; (9), (11) reddish- 
violet; (13) violet. After 24 hrs., only (11) was wesk reddish-violet and the 
colourless solutions gave no recovery of pyrylium salt on acidification. 

Cyanin Chloride.—The following exp. is only put forward as a preliminary 
indication, but the results of it convinced us that cyanin had actually been 
obtained. 

-0-Tetra-acetyl-B-glucosidoxy-3 : 4-diacetoxyacetophenone (3 g., m. p. 
144°) was dissolved in abs. EtOH (50 c.c.) and hydrolysed with KOH (1-7 g.) in 
EtOH (28 c.c.); the solution (A) was prepared on one-third of the usual scale. 
Both solutions were acidified with dry HCl at 0°, then mixed, anhyd. MgSO, 
added, and the whole saturated with HCl at 0°. After 12 hrs. the filtered 
solution was added to Et,O (700 c.c.), and the reddish-violet gelatinous ppt. 
collected (0-1 g.); a further quantity (0-25 g.), less rich in anthocyanin, was 
recovered from the MgSO, by solution in hot abs. EtOH and pptn. with Et,O. 
This crude material (0-35 g.) was dissolved in 0-5% HCl aq. (5 c.c.) and the 
conc. of HCl increased to 6% by the addition of conc. acid (2 c.c.); after 2 days 
a small cryst. deposit was collected, consisting essentially of cyanin chloride. 
In order to effect comparisons with the natural anthocyanin the whole product 
(brownish-violet crystals with green metallic glance) was dissolved in hot 
0-5% HCl aq., and a test of a small portion with Et,O and picric acid showed 
that anthocyanidin was absent. The distribution with isoamyl alcohol, 
however, appeared to indicate the presence of some monoglucoside, and in 
order to remove this the solution was extracted twice with n-butyl alcohol and 
then several times with isoamyl alcohol; the distribution number with the 
latter solvent now appeared to be very low and indeed lower than that of a 
specimen of cyanin chloride. 

The latter was kindly supplied by Geheimrat Professor R. Willstatter, to 
whom we are deeply indebted, and the pigment had been isolated from dahlia 
flowers. Although very finely cryst., this specimen also contained some 
monoglucoside (or rhamnoglucoside) and accordingly a solution of the natural 
colouring matter in 0-5% HCl aq. was also washed with n-butyl alcohol and 
with isoamyl alcohol. The synthetic and the natural solution were then made 
of the same cone. (perfect match in the colorimeter) by addition of 0-5% 
HCI aq., saturated with isoamy] alcohol, to the former. 

Equal vols. of the solutions were again extracted with isoamy] alcohol and 
the colorimetric identity was confirmed. The distribution ratio (n-butyl 
aleohol) of the pigments was proved to be identical by shaking each solution 
with n-butyl aleohol and comparing the filtered butyl-aleoholic layers. The 
intensity of the colour was identical in the two cases. A second and a third 
shaking gave the same results. Further equal volumes of the two solutions 
were gradually mixed with AcONa aq., with Na,CO, aq., and with NaOH aq. 
In this way the effect of every variation in pq of the solutions was noted and 
again no divergences were observed as the colour changed from red to reddish- 
violet, bluish-violet, pure blue, greenish-blue, green, and yellow. 
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Again the rate of oxidation by means of FeCl, aq. was noted after dilution 
and the results were identical. Other tests of a similar nature, including rate 
of pseudo-base formation, were carried out and the behaviour of the solutions 
was not divergent in any respect. 

Malvenin Chloride (I1).—The following expts. were carried out in collabora- 
tion with Mr. Daniel Sanroma of the Laboratorio de Quimica Organica de la 
Junta de Ampliacion de Estudios, Madrid. The solution (A) was mixed with 
one of w-hydroxy-4-acetoxy-3 : 5-dimethoxyacetophenone (1-05 g.) in abs. 
EtOH (20 c.c.) and anhyd. Et,O (40 c.c.), After the addition of anhyd. 
MgSO, the solution was saturated with HCl at 0°. Next day the filtered liquid 
was poured into much Et,O, and the chocolate-red ppt. collected and dried 
(0-2 g.). The crude malvenin chloride (1-5 g.) was converted into picrate by 
solution in 0-5% HCl aq. (50 c.c.) and addition of cold-saturated aq. picrie 
acid (50 ¢.c.). The brown-red ppt. (0-45 g.) was collected after 24 hrs. and a 
further quantity could be obtained from the mother-liquor by addition of solid 
picric acid, by gentle heating, filtration, and long keeping in the ice-chest; 
this material contained much picric acid. The whole product (1-8 g.) was 
triturated with dry Et,0, collected (0-9 g.), and crystallised from aq.-alc. 
picric acid, forming dark chocolate, prismatic needles, and again by the addition 
of Et,0 to a solution in MeOH (Found in material dried in a high vac. at 100°: 
C, 48-1; H, 3-6; N, 5-9. C,,H,,0,,N; requires C, 48:3; H, 3-7; N, 5-8%). 

A solution of the picrate (0-5 g.) in 5% methyl-ale. HCl (35 c.c.) was added 
to dry Et,O (200 c.c.), the brownish-red powder (0-35 g.) was collected and dis- 
solved in 1% methyl-ale. HCl (acid cone. later increased to 4:2%), and the 
solution kept in Et,O0 vapour, After 24 hrs. the semi-cryst., dark violet deposit 
was collected (0-14 g.) (satisfactory value for C; 1% low in Cl content). 
Malvenin chloride is very difficult to crystallise; it separated, on slow evapor- 
ation of a solution in EtOH-8% HCl aq., in dark brownish-violet, opaque, 
cryst. aggregates (Found in air-dried material: C, 48-7; H, 4-5; Cl, 6-2. 
C,3H.,0,,Cl,2H,O requires C, 48-9; H, 4-4; Cl, 63%). The solution of the 
pigment in Na,CO, aq. is bright greenish-blue and, in comparison with cenin 
chloride, oxidation in dil, solution in presence of FeCl, is very rapid. The 
distribution number (4-75 mg. in 25 c.c. each of equilibrated isoamy! 
alcohol and 0-5% HCl aq.) was 8+3. 

The colour reactions in a range of buffered solutions (loc. cit.) were the follow- 
ing: (1) bluish salmon-red; (3) fading cherry-red; (5) reddish-violet, rapidly 
fading and becoming more orange; (7) violet; (9) bluish-violet; (11) blue; 
(13) greenish-blue; (15), -Decolorisation was most rapid in (3) and after 2 hrs. 
(1), (3), and (5) were colourless, (7) and (9) were pale reddish-violet, (11) was 
pale greenish-blue, and (13) and (15) were bluish-green. After 24 hrs, all were 
decolorised and again the free hydroxyl in position 3 was indicated by. the 
failure to recover the pyrylium salt on the addition of an excess of HCl aq. 


We wish to thank the Academy of Sciences of Madrid for a Ramsay 
Memorial Fellowship awarded to one of us. 
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312.. Researches in the Phenanthridine Series. 
Part II. Nitro- and Amino-phenanthridines. 


By Gitpert T. Morgan and Lzsiiz P. WALLS. 


THe new synthesis of phenanthridine derivatives from acyl-o- 
xenylamines (J., 1931, 2447) has now been applied successfully to 
nuclear-substituted acet-o-xenylamides, two readily available com- 
pounds being 4’-nitro- and 5-nitro-2-acetamidodiphenyl (Scar- 
borough and Waters, J., 1927, 89; Bell, J., 1928, 2773, respectively). 
Dehydration-condensation by means of phosphorus oxychloride 
has led to the corresponding nitro-9-methylphenanthridines, although 
the yield of 7-nitro-9-methylphenanthridine from (I) is very small 
compared with that of 3-nitro-9-methylphenanthridine from (II), a 
difference which may be attributed to polar influence of the nitro- 
group on the strategic hydrogen atom H*. Such a group in ring A 
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would depress the mobility of a whereas in ring B it would have 
only a slight effect. These results are compatible with the con- 
clusions of Callow, Gulland, and R. D. Haworth (J., 1929, 1444), 
who state that ‘‘ facile closure of the isoquinoline ring is dependent 
on the presence of a strongly p-directive group in the p-position to 
that at which condensation is to take place.’ The corresponding 
formyl compounds could not be converted into nitrophenanthridines 
by phosphorus oxychloride. 

These nitromethylphenanthridines are well-defined crystalline 
substances possessing markedly basic properties. 3-Nitro-9-methyl- 
4c2 














2226 MORGAN AND WALLS: 


phenanthridine was reduced to the corresponding amine, a bright 
yellow substance which dissolves in dilute acid to an orange yellow 
solution, and yields a yellow acetyl compound. This amino-molecule 
contains the possibility of quinonoid tautomerism (III=—IV). The 
less acidic character of 3-amino-9 : 10-dimethylphenanthridinium 
chloride (V) unfortunately did not confer on it the expected lower 
toxicity and greater therapeutic value than were presented by the 
9-aminophenyl-10-methylphenanthridinium chlorides. To obtain 
closer analogy to the acridine antiseptics, an attempt was made to 
prepare a quaternary salt containing two free primary amino- 
groups. The interaction of 2-0-nitrobenzamido-5-nitrodiphenyl and 
phosphory! chloride resulted in too small a yield of the non-basic 
3-nitro-9-0-nitrophenylphenanthridine (V1) for further experiment. 

In our previous communication it was mentioned that the new 
synthesis fails in the case of form-o-xenylamide, so that Pictet and 
Hubert’s method of fusion with zinc chloride (Ber., 1896, 29, 1182) 
must be employed in the preparation of phenanthridine itself. 
This process has, however, been improved by removing o-xeny]l- 
amine, the chief by-product, by acetylation, thereby avoiding 
tedious fractional crystallisations of mercurichlorides. The base 
has the unusual property of combining with 2 mols. of nitric acid 
to form a well-defined crystalline dinitrate, C,,H,N,2HNO,,2H,0, 
converted into normal nitrate C,,H,N,HNO, by water, alcohol, or 
acetone. Mononitration of the base occurred when this anhydrous 
nitrate was added to sulphuric acid, and three nitrophenanthridines 
were separated with difficulty from the complex product. Owing 
to small yield these isomerides were not investigated further. 

In that phenanthridine is a dibenzopyridine, it appeared likely 
that the sodamide process (Tschitschibabin and Zeide, J. Russ. 
Phys. Chem. Soc., 1914, 46, 1216; A., 1915, i, 590) would prove 
suitable for the preparation of 9-aminophenanthridine. Vigorous 
reaction occurred with sodamide, and a good yield of the amino- 
compound was obtained. Contrary to previous experience with 
pyridine derivatives, reaction had mainly subsided after 20 minutes 
although a slow evolution of hydrogen continued for several hours. 
An estimation of hydrogen always revealed a deficiency in the 
amount of this gas. Both anomalies are probably due to the 
affinity of phenanthridine and its derivatives for hydrogen and the 
instability of the dihydro-compounds : autoreduction would facili- 
tate amination, but hydrogen would be lost subsequently. An 
almost quantitative yield of 9-aminophenanthridine results also 
from the interaction of a dimethylaniline solution of phenanthridine 
with ammonia in contact with sodium. This more favourable 
method depends mainly on dimethylaniline as solvent, for when 
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mesitylene is used the yield is greatly diminished. The amine was 
always accompanied by a small quantity of a brown crystalline 
base, the nature of which has not been elucidated. 

9-Aminophenanthridine is a colourless crystalline solid soluble in 
dilute acids to colourless solutions; its lactate and acetate, the 
aqueous solutions of which are neutral, are under chemotherapeutic 
investigation. Diazotisation could not be accomplished in acid 
solution, or by the Bamberger-Riist method (Ber., 1900, 33, 3511); 
the base reacts slowly with nitrous acid, yielding phenanthridone 
(VIIT) assole product. By acetylation one monoacetyl compound was 
obtained, soluble in dilute acid but hydrolysed thereby, even by 
dilute acetic acid. Another anomaly was revealed in that a quater- 
nary salt was not obtained from:it by the usual methods. These 
facts suggest that the tautomerism postulated by Tschitschibabin 
for «-aminopyridine may in this case be determined in one direction, 
so that the base may not be a true aminophenanthridine (VII) but 
an internal amidine (IX), yielding an acetyl compound of con- 
sitution (X) which did not yield a single product with one molecule 
of methyl sulphate. 
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An authentic specimen of phenanthridone was prepared in small 
yield by zinc chloride fusion of either o-xenylcarbamide or methyl 
o-xenylcarbamate, obtainable from oily o-xenylcarbimide prepared 
from o-xenylamine (Morgan and Pettet, J., 1931, 1124). 


EXPERIMENTAL. 
7-Nitro-9-methylphenanthridine.—4’ -Nitro-2-acetamidodipheny] reacted with 
POCI, alone, or more vigorously in admixture with PCl,, with evolution of 
HCl. Evaporation of excess of reagent left a gum, which was extracted 
repeatedly with hot 5N-HCl. The nitrophenanthridine, a slight yellow ppt. 
liberated from this extract on neutralisation, crystallised from C,H, in buff- 
coloured needles, m. p. 243—-245° (Found, by micro-analysis : C, 70°55; H, 
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4-35; N, 11-2. C,,H,yO,N, requires C, 70:6; H, 4-2; N, 11-75%). This 
nitro-compound and the following isomeride are essentially like other nitro- 
phenanthridines in being more sol. in C,H, than in EtOH. 

3-Nitro-9-methylphenanthridine.—When. 5-nitro-2-acetamidodipheny! (16 g.) 
and POCI, (32 g.) were boiled, vigorous evolution of HCl occurred. After 2 
hrs., excess of reagent was evaporated and the residual gum was extracted 
repeatedly with N-H,SO, (about 500 c.c.). Neutralisation of the extract 
gave a yellow floceulent ppt. (12 g.; 80% yield) which crystallised from C,H, 
in transparent, brown, elongated prisms, m. p. 201°. It dissolved readily in 
fairly dil. mineral acid, but was almost insol. in dil. HOAc (Found: C, 70-55; 
H, 4:75; N, 11-8%). 

3-Amino-9-methylphenanthridine.—Reduction of the nitro-compound (10 g.) 
proceeded rapidly with Fe filings (10 g.) and hot acidulated H,O. The 
black aggregate of amine and Fe,O, was extracted (Soxhlet) with CHCI,, and 
5°3 g. of the amine crystallised from the cooled extract. Addition of NH, 
aq. to a 0:-2N-HOAc extract of the residue from the CHCl, gave a further 
2-2 g. (total yield, 85%). The amine crystallised from C,H, in transparent 
yellow prisms, m. p. 152° (Found: C, 80-8; H, 5-8; N, 13-2. C,H,N, 
requires C, 80-75; H, 5-75; N, 13-45%).. The base dissolved in dil. HCl aq. 
to a yellow solution, but addition of conc. HCl aq. diminished the colour and 
produced a white cryst. ppt., presumably of dihydrochloride. The solution 
in acids could be diazotised and then coupled with sodium f-naphthoxide aq. 
to yield a deep red azo-derivative. The amine reacted vigorously with Ac,O 
and the acetyl compound, pptd. by NH, aq., crystallised from EtOH in pale 
yellow, flat prisms, m. p. 240—242°. Its solubility in dil. acid may be 
attributed to the presence of the tertiary N atom (Found: C, 76-5; H, 5-95; 
N, 10-95. C,,H,,ON, requires C, 76-8; H, 5-6; N, 11-2%). 

3-Acetamido-9 : 10-dimethylphenanthridinium methosulphate, obtained when 
Me,SO, (3 g.) reacted with the foregoing acetyl compound (4-5 g.) in hot 
PhNO, (25 c.c.), crystallised in minute yellow needles (6-2 g.; decomp. ca. 
255°); it was insol. in org. non-hydroxylic solvents, moderately sol. in EtOH 
to a green fluorescent solution, but very sol. in H,O (Found: C, 57-55; H, 
5-2; N, 7-2; 8, 8-35. C,,H,.0,;N,S requires C, 57-4; H, 5-3; N, 7-45; 8, 
8-5%). 

3-Amino-9 : 10-dimethylphenanthridinium Chloride.—Hy drolysis of the metho- 
sulphate (4 g.) was effected readily with hot 5N-HCl in 1 hr. On partial 
neutralisation with NH, aq., the liquid filled with golden-yellow needles of 
the chloride (2-5 g.). This salt was insol. in org. non-hydroxylic solvents, 
and only very slightly sol. in Me,CO or EtOH; it crystallised readily from 
hot.H,O with 2H,0, which was lost at 100° or over CaCl, in a vac; desiccator; 
the anhyd. salt was hygroscopic, m. p. ca. 275° (decomp.) (Found, in air-dried 
salt: C, 61-05; H, 6-0; Cl, 12-06. C,,H,,N,Cl,2H,0 requires C, 61-1; H, 
6-45; Cl, 12-05%). 

2-0-Nitrobenzamido-5-nitrodiphenyl.—Mol. quantities of 5-nitro-2-xenylamine 
and o-nitrobenzoyl chloride were heated in C,H,N for 30 mins. Addition of 
H,O pptd. a gum, which hardened when heated successively with conc. HCl 
aq. and H,O. It crystallised from HOAc in thick, light brown prisms, or 
from EtOH in yellow plates, m. p. 167° (Found: N, 11-55. C,gH,;0;Ns 
requires N, 11-55%). 

3-Nitro-9-0-nitrophenylphenanthridine:—The foregoing amide reacted vigor- 
ously with POCI, with evolution of HCl and rapid darkening. The dark 
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brown powder obtained by the usual process could not be purified by solvents, 
but sublimation at 250°/5 mm. gave a small yield of pale yellow cubic crystals, 
leaving a bulky carbonaceous residue.. The dinitro-compound was almost 
insol. in EtOH but more soluble in C,H,; it was insol. in acids; it crystallised 
best from boiling C,H, in pale yellow, transparent parallelepipeds, m. p..227° 
(Found ; N, 12-1. C,,H,,O,N, requires N,: 12-15%). 

Phenanthridine.—F orm-o-xenylamide (30 g.) and ZnCl, sticks (75 g.) were 
heated together for 7 hrs.; steam and CO escaped steadily at 220°, and 
reaction was completed at 280°. The melt was extracted with hot H,O, and 
the yellow horny residue, still containing Zn compounds, was boiled under 
reflux with methylated spirit (50 c.c.), The turbid yellow solution was 
poured into 5N-NaOH (200 c.c.) to liberate an oil which was extracted with 
Et,O and dried over anhyd. Na,SQ,. After evaporation of solvent, the 
residual oil was warmed with Ac,O (20 c.c.) and poured into hot N-HCl 
(100 ¢.c.); acet-o-xenylamide (ca, 18 g.) was pptd., and addition of NH, aq. 
to the filtrate liberated phenanthridine (11 g.; 42% yield). This base was 
purified by adding a slight excess of cone. H,SO, to its alc, solution; the 
liquid filled with colourless crystals of sulphate, which was very sol. in H,O. 
Phenanthridine crystallised from petroleum (b. p. 60—80°) in opaque white 
needles, m. p. 105—106° (Found: N, 8-0. Cale. for C,,H,N : N, 7-8%). 

When a solution of the base in hot 3N-HNO, was cooled, transparent, pale 
yellow prisms of a dinitrate separated (Found: NOQ,, 36-05, :36-0. 
C,,;H,N,2HNO,,2H,0 requires NO;, 36-35%), By erystn. from EtOH, long, 
silky, almost colourless needles of the nitrate were obtained, m. p, 169—171° 
(decomp.) (Found: NO,, 25-4. C,,H,N,HNO, requires NO;, 256%), The 
same product was obtained from the abnormal nitrate by stirring it into 
Me,CO, or by adding a small vol. of H,O, the prisms slowly disintegrating 
aad giving place to a voluminous mass of needles, 

Phenanthridine, unaffected by hot cone. HNQ,, was nitrated by adding 
anhydrous nitrate (24 g.) slowly to conc. H,SO, (48 e,c.) at 0°, the mixture 
being heated finally to 100° and left over-night. A mixture of mono-nitrates 
was pptd. by addition of NH, aq. after dilution with ice, The following 
were obtained by fractional erystn. from EtOH: a slightly sol. product 
which sublimed at 220°/6 mm.; opaque yellow needles, m. p. 260—262° 
after previous softening, from AcOH (Found: N, 12°45. C,,;H,0,N, requires 
N, 12:5%); yellow prisms (4 g.), m, p. 160—-163°, separated mechanically 
(Found ; N, 12:5%); and, in very small yield, yellow needles, m. p, 156—+158° 
(Found by micro-analysis ; N, 12-7, 12-65%). 

9-Aminophenanthridine.—{A) The success of this expt. depended on. the 
quality of the NaNH, employed; in one attempt an 80% yield of amine was 
obtained, but the following is a more typical example. Xylene (25. ¢.c.) 
previously dried over Na, phenanthridine (5 g.), and NaNH, (5 g.), ground 
to a fine powder in a warm mortar, were introduced into a large glass. tube 
connected to a gas-holder. Before heating, air was replaced by H; at 110° 
liberation of H commences, to become brisk at 120—180°, 100 c.c. of gas 
being rapidly collected. After 6 hrs., 200 c.c. of gas having been obtained, 
the black pasty product was decomposed with ice. A yellow suspension 
(3-2 g.; 60% yield), contained in the xylene layer, crystallised from EtOH 
in transparent parallelepipeds, m. p. 195-5° (Found; C, 80°25; H, 5°25; N, 
14:15. _ Ci;H Ny requires C, 80-4; H, 5:15; N, 14-45%). The colour, which 
was traced to an impurity (vide infra), may be remoyed by dissolving the 

















































eres fa tt 1 2 Sa seter = 












2230 RESEARCHES IN THE PHENANTHRIDINE SERIES. PART I, 


amine in dil. AcOH, decolorising the solution with charcoal, and re-pptn., 
with NH, aq. The amine now crystallised in colourless prisms. 

After extraction with dil. HCl aq. and evap. to dryness, the xylene mother. 
liquor left a negligible residue. The acid extract yielded chiefly unchanged 
phenanthridine, with no appreciable by-product. 

(B) A stream of dry NH, was led through a solution of phenanthridine 
(7 g.) in redist. NPhMe, (20 c.c.) containing clean Na (2 g.) in suspension ; 
vigorous reaction commenced at 90°, the mixture becoming black and pasty. 
The temp. was raised slowly to 160°, and after 3 hrs. the product was cooled 
and decomposed with H,O. The NPhMe, layer contained a yellow suspension 
(6-5 g.; to which was added a further 0:8 g. by evap. of the mother-liquor). 
This product dissolved in hot 2N-HCl to a deep crimson solution, leaving 
only a trace of amorphous residue. By dissolution in hot N-HOAc it gave a 
light red solution which was decolorised (charcoal) and then yielded white 
9-aminophenanthridine (ca. 6-3 g.) on neutralisation, identical with the fore- 
going prep. A slight brown residue, insol. in HOAc, crystallised from CHCl, 
in strongly refractive brown needles. This weakly basic substance is unmolten 
at 310°; its solution in HOAc and mineral acids is crimson; it is slightly 
sol. in C,H,, EtOH, and CHCI, to yellow solutions of brilliant fluorescence. 
A trace added to conc. H,SO, produced an intense laurel-green colour, changed 
by progressive dilution with H,O to blue, violet, and then red. 

The acetate and lactate, prepared by dissolving the amine in a slight excess 
of the hot dil. acid, crystallised in white needles, m. p. respectively 206—209° 
and 202—204° (decomp.) (Found, for the acetate: N, 11-1. C,,;H,9N,,C,H,0, 
requires N, 11:0%. For the lactate: N, 9-95. C,,H, .N,,C,;H,O, requires 
N, 985%). 

Phenanthridone from 9-Aminophenanthridine—NaNO, in a min. of H,0 
was added to a paste of 9-aminophenanthridine sulphate in 3N-H,SO, at 0°. 
A slow reaction occurred, and after many hrs. the mixture was boiled and 
filtered hot. The residue, after washing with hot 3N-H,SO,, was sublimed 
at 240°/7 mm., giving white prismatic needles, m. p. 291—293° alone or in 
admixture with authentic phenanthridone (vide infra). 

Acetyl-9-aminophenanthridine.—Ac,O in slight excess and the amine in 
C,H,N (16 c.c.) were heated together at 100° for a few mins. On cooling, 
the acetyl compound separated as a voluminous mass of white needles, m. p. 
193-5°, moderately sol. in EtOH or C,H, (Found: C, 76-5; H, 5-1; N, 11-9. 
C,,;H,,ON, requires C, 76-3; H, 5:15; N, 11-85%). Although sol. in dilute 
acids, this compound could not be recovered from such solutions owing to 
extensive hydrolysis. For this reason acetylation of 9-aminophenanthridine 
with Ac,O in absence of C,H,N generally leads to a mixture of base and 
acetyl derivative. 

The interaction of acetyl-9-aminophenanthridine in hot PhNO, with Me,SO, 
did not lead to the isolation of a cryst. product. The acetyl compound was 
recovered unchanged after being heated in a sealed tube for 3 hrs. at 110° 
with MeI and MeOH. 

o-Xenylearbamide.—o-Xenylamine (30 g.) in 750 c.c. of C,H, reacted rapidly 
with COCI, during 2 hrs., and the liquid product was distilled under reduced 
press. After C,H, had evaporated, o-xenylcarbimide distilled at 130°/5 mm. 
as a pale yellow oil in quantitative yield. It reacted vigorously with NH, 
aq., with formation of white cryst. o-xenylcarbamide, slightly sol. in boiling 
C,H,, but crystallising from EtOH in clusters of colourless prisms, m. p. 
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157—158-5° (Found: C, 73-05; H, 6-0; N, 13-15. C,,H,,ON, requires C, 
73-6; H, 5-65; N, 13-2%). When o-xenylearbimide and MeOH were heated 
at 100° for 1 hr., methyl o-xenylcarbamate was formed, which set to a cryst. 
mass on cooling, m. p. 61° (Found: N, 6-1. C,,H,;0,N requires N, 6-15%). 

3 G. of o-xenylearbamide were fused with ZnCl, sticks (10 g.) at 250° for 3 
hrs. ZnCl, was removed by successive extractions with hot dil. HCl aq. and 
H,O; the white residue (0-8 g.) sublimed in the white prismatic needles 
characteristic. of phenanthridone (Found: C, 80-0; H, 4:5. Cale. for 
C,,H,ON : C, 80-0; H, 4-6%). 


CHEMICAL RESEARCH LABORATORY, 


TEDDINGTON, MIDDLESEX. [Received, June 4th, 1932.] 





313. Palladous Chloride as a Reagent for the Iso- 
lation and Estimation of Purine Derivatives, and 
as an Oxidising Agent. 

By J. M. Guitanp and T. F. Macrar. 


DvuRING a study of certain aspects of the chemistry of the nucleic 
acids, the difficulties attending the isolation and purification of small 
amounts of purine derivatives became increasingly evident. The 
m. p.’s of these compounds are in many cases unsatisfactory as 
criteria of purity, and frequently analyses alone can give the required 
information. The following difficulties occur in the isolation of 
purine derivatives. Their solubilities in aqueous solutions vary 
widely. Their isolation by formation of salts with acids is at times 
impracticable, as with xanthine, or is undesirable, e.g., in the case 
of the nucleosides, which are readily hydrolysed by acids. The 
conversion of purines into metallic salts requires the presence of 
definite acidic groups. The preparation of the free purines from 
salts of either type may be troublesome. 

With these facts in view, a number of hitherto untried reagents 
were investigated. The chief requisites were that they should easily 
form sparingly soluble precipitates with purine derivatives when 
added to their aqueous solutions, and that these precipitates should 
be readily converted into the free purines. The results obtained 
with palladous chloride were so satisfactory in these respects that 
its possibilities were explored more fully. An exhaustive study has 
not been attempted, but the directions in which the reagent may be 
of use are indicated. 

Palladous chloride effected almost quantitative precipitation of 
all those purines which were tested, and the free purine derivatives 
were readily isolated from the co-ordination complexes after their 
decomposition by metallic silver. The sparing solubility of the 
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complexes has been utilised to estimate certain purines, and the 
formation of sparingly soluble complexes has been observed with a 
large number of nitrogenous substances. 

Palladous chloride may have applications in effecting the separ- 
ation of purines from each other by taking advantage of the effect of 
hydrogen-ion concentration on the solubility of the complexes 
produced. 

Palladous chloride may be used as a clean and convenient oxidising 
agent of a variety of compounds, and it has thespecial advantage that 
the amount of oxygen absorbed may readily be estimated by col- 
lecting and weighing the metallic palladium formed in the corre- 
sponding reduction. Examples of such oxidations are given. 


EXPERIMENTAL. 

Formation of Sparingly Soluble Palladous Chloride Complexes.—From time 
to time the conversion of various substances into Pd-containing complexes 
has been recorded. Gutbier and collaborators (Ber., 1905, 38, 2105, 2107; 
1906, 39, 1292, 4134; Z. anorg. Chem., 1905, 47, 23; 1916, 95, 129), es- 
pecially, have made a systematic study of many cyclic and aliphatic bases, 
but the conditions employed by them differ markedly from those now described. 
The formation of sparingly sol. complexes with purine derivatives has not 
hitherto been recorded. The present results are in Table I, 


Taste I, 
Positive. 
Caffeine Cryptopine 
Theobromine Papaverine 
Theophylline Xanthaline 
1-Methylxanthine Narcotine 
3-Methylxanthine Thebaine 
7-Methylxanthine Dihydrothebaine 
Xanthine Apomorphine 
Hypoxanthine 3: 4:6: 7-Tetramethoxyaporphine 
Adenine 2’ - Nitro - 3’ : 4’ : 6-trimethoxy - 1- 
Xanthosine benzyl-3 : 4-dihydroisoquinoline 
Adenosine . Trimethylamine 
Guanosine Pyridine* 
2 : 6-Dichloro-7-methylpurine Quinoline* 
Strychnine t isoQuinoline* 
Brucine sym.-Dimethylurea 


Negative. 
Allantoin Dihydrocodeinone 
Urea Hydroxycodeinone 
Monomethylurea Atropine 
Ammonia (chloride) Nicotine 
Biuret Ephedrine 
3 - Methyl - 4 : 5- diamino - 2 : 6-di- Cotarnine 
hydroxypyrimidine and its 5- m-Methoxy-B-phenylethylamine 
formyl] deriv. 6-Methoxy-2-methyltetrahydroiso- 
Tetrahydrobrucine quinoline, 
Brucidine Benzamidine 


* Gutbier et al (loc. cit.) have ‘prepared complexes from these substances. 
} Also recorded by Wagenaar (Pharm. Weekbl., 1930, 66, 1073). 
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3 Drops of a 2% solution of PdCl, in extremely dil. HCl aq. were added to 
5 mg. of the substance under examination in 5 c.c. of H,O at 100°. The 
purine complexes all separated immediately, and their solubilities were of the 
same order as that of the compound with theobromine. ‘With séveral 
alkaloids, no ppt. formed until the solution was cooled. 

The cryst. forms of the PdCl, complexes of some purine derivs. are character- 
istic, and may be used after some experience to facilitate the identification of 
the compounds. The purine complexes darken above 250°, but as a rule do 
not melt, 

Effect of Hydrogen-ion Concentration on the Precipitation of Purine Complexes. 
—No separation of purine complexes took place in strongly acid solutions. 
Table II gives the p, at which pptn. began, as shown by the formation 6f a 
faint cloudiness, and also that at which the pptn. was complete. The tests 
were made as follows : 2 mg. of the substance were dissolved in cold H,O and 
the py adjusted to the required value by the addition of the requisite amount 
of HCl aq., which had been previously determined with another sample. The 
final volume was 2-0 c.c. Alternatively, in the case of tubes at p, 1, the sub- 
stance was dissolved directly in 2 c.c. of 0-1N-HCl. A series of tubes having 
been thus prepared at room temp. for testing one substance, 1 drop (0-04 ¢.c.) 
of 2% PdCl, aq. was added to each. In all cases, pptn. was rapid when the 
reaction was not much more acid than the p,, of total pptn., but required several 
mins., and became progressively less complete, as the reaction of the tubes 
became more acid than this value. 


TABLE IT. 


pu at which pptn. pu at which pptn. 
——————, ———_=— _——, 

Substance. begins. is complete. Substance. bogins. is complete. 
Adenine 0-8(7) 1-0 Xanthosine ... 1-8 2°5 
or <0°8 Fuanosine ... . 23 


Adenosine ... 1-3 Caffeine 


1-8 
Hypoxanthine 1-0 1-4 


The separation of the complexes is hastened by heating, but the py values are 
not altered. 

Constitution of Complexes.—The complexes with caffeine and theobromine 
were dried at 110° and analysed, Pd being pptd. with CH,O in NaOH aq. 
(Found, for caffeine complex: Pd, 19-4. 2C,H,,0,N,,PdCl, requires Pd, 
18-9%. Found, for theobromine complex: Pd, 20-4. 2C,H,0,N,,PdCl, 
requires Pd, 19:8%). 

Estimation of Caffeine and Theobromine by Precipitation as the Palladous 
Chloride Complex.—Caffeine. 4% PdCl, aq. (2-5c.c.) was added to'a hot aq. 
solution of caffeine (0-1110 g. in 50 c.c.), and the mixture heated on the water- 
bath until pptn. was complete. When cold, the complex was collected, 
washed with H,O (20 c.c.), and dried at 110° (0-1506 g., corresponding to a 
recovery of 93-1% of the caffeine used). 

Theobromine. In a similar manner, 0-1427 g. gave 0-2080 g. of complex, 
coresponding to 97-8% recovery. 

Recovery of Purine from Palladous Chloride Complexes.—A suspension of the 
complex and an excess of freshly pptd. Ag in hot H,O was warmed on the 
water-bath for 10—15 mins., and filtered, The filtrate contained all the 
purine derivative, which remained after evapn. of the H,O. 











2234 GULLAND AND MACRAE: PALLADOUS CHLORIDE 


Palladous Chloride as an Oxidising Agent. 


During the foregoing work, it was observed that alloxan is immediately 
oxidised by a hot solution of PdCl,, which is reduced to black amorphous Pd. 
Other compounds were therefore examined, and those which reduced PdCl, 
were: Piperidine,* cinchonine,* quinine, apomorphine, narcotine, cinnamic 
acids,* alloxan, uric acid,* catechol, quinol, resorcinol (slowly), benzaldehyde 
(slowly). The reactions proceed in distinctly acid solution, but are pro- 
gressively inhibited by increasing concns. of HCl. The results obtained suggest 
that reduction of PdCl, might in some cases be made the basis of a simple 
method of estimating aqueous solutions of the substances. 

Quantitative conversion of piperidine into pyridine. A solution of piperidine 
(0-15 g.) in 2% PdCl, (50 c.c.) in very dil. HCl aq. was boiled under reflux for 
l hr.; a ppt. of Pd gradually separated and was collected (see below). The 
filtrate was then basified with NaOH and distilled, the first portion of the 
distillate being collected in cold satd. picric acid aq. A copious cryst. ppt. of 
pyridine picrate separated, and after cryst. from water formed yellow needles, 
m, p. 162—164°, not depressed by admixture with an authentic specimen of 
m. p. 162—164°. Piperidine picrate meits at 145—147°. 

The quant. oxidation of piperidine to pyridine requires the production of 
0-56 g. of Pd; when the metal was collected from the reaction mixture, washed, 
and dried at 110°, it weighed 0-53 g., indicating about 95% conversion. 

Oxidation of uric acid. The wt. of Pd formed by reducing PdCl, with uric 
acid appears to bear a fairly constant ratio to the weight of uric acid used, 
provided that the concen. of HCl remain low. Solutions of uric acid in H,O 
(50 c.c.) were boiled for 30 mins. with 2% PdCl, (5 ¢.c.) and the pptd. Pd was 
collected and dried at 100°. Some results are given below : 


WS, SI cede cc scceconsedennd 24-5 28-6 55-9 47-4 
SEE  SGExCacormpetascentieréeention 25-1 29-9 59-8 51-0 
ge ae ere ee 1-02 1-04 1-07 1-07 


In order to investigate the course taken by this oxidation, a mixture of uric 
acid (0-25 g.) and 2% PdCl, aq. (20 c.c.) was boiled gently until all the Pd had 
been pptd., and then cooled. Next day the Pd and the excess of uric acid 
were filtered off, and the solution was concentrated to 2.c.c, The crystals (A) 
(0-09 g.) which separated were collected, and the filtrate (B) was examined as 
described below. 

(A). After recrystn. from H,O, the crystals, m. p. 212—215°, were identified 
as parabanic acid (Found: N, by micro-Kjeldahl, 24-9. Cale. for C,H,O,N,: 
N, 246%). The aq. solution was acid to litmus and yielded a Ag salt when 
mixed with ammoniacal AgNO,. The NH, salt separated at once when a drop 
of NH, aq. (d 0-880) was added to an alc. solution. A cold aq. solution gave 
no ppt. with mixed CaCl, aq. and NaOAc aq., but this mixture yielded a heavy 
ppt. of CaC,0, when heated for 30 mins. in a water-bath. The substance was 
not oxidised by boiling PdCl, aq. These reactions are characteristic of para- 
banic acid; alloxan is readily oxidised by PdCl,. 

(B). On mixing a drop of the filtrate B with a drop of conc. HNO,, crystals 
of urea nitrate separated. The remainder of the filtrate B was mixed with 





* A detailed examination of the oxidation of these compounds is given 
below. 
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CaCl, aq. and NaOAc aq., and the ppt. collected and dried at 100° for 2 hrs. 
This material reduced cold acid KMnO, and a Kjeldahl estimation of N was 
negative, suggesting that it was calcium oxalate, mesoxalate, or a mixture of 
these (Found: Ca, as CaO, 25-4, 25-6. Calc. for C,0,Ca,H,O: Ca, 27-4%; 
for C,H,0,Ca,3H,0: Ca, 17:5%). These analyses indicate that the Ca salts 
are a mixture of about 80% oxalate and 20% mesoxalate, since CaC,0,,H,0 is 
stable at 100°, and Freund (Ber., 1884, 17, 780) states that calcium mesoxalate 
is a dihydroxymalonate trihydrate when dried at 100°. 

The products of the oxidation of uric acid by PdCl, are therefore parabanic 
acid, urea, oxalic and mesoxalic acids, and the reaction follows the normal 
course of acid oxidations of uric acid. Careful search yielded no allantoin, 
which is not oxidised by PdCl,. 

Oxidation of 3:4-methylenedioxycinnamic acid. A solution of the acid 
(0:1 g.) in 2% PdCl, aq. (14 c.c.) was heated in the water-bath for 2 hrs., and 
extracted thoroughly with Et,O. After being dried and distilled, the extract 
left a cryst, residue, m. p. 210—230°, which was recrystallised from dil. EtOH 
and identified as piperonylic acid, m. p. 230—232°, not depressed on admixture 
with authentic material. 

Oxidation of cinchonine. A solution of cinchonine (1 g.) and 2% PdCl, aq. 
(60 c.c.) was boiled for 3 hrs., and the Pd (0-65 g.) collected. The filtrate was 
made alkaline with NH, aq., and the solid (A; 0-41 g.) collected, The filtrate 
was evaporated to dryness in a vac. desiccator, the residue dissolved in H,O, 
filtered, and mixed with satd. picric acid aq. A bulky ppt. of a picrate (B; 
0-72 g.) separated. 

(A). This product has not been definitely identified. In its behaviour, and 
from the analyses, it resembles most closely a mixture of cinchonine, or an 
isomeride thereof, and a-hydroxycinchonine, m. p. 252°, which is formed by 
the addition of H,O to the double bond of cinchonine under the influence of 
hot dil. mineral acids (Jungfleisch and Leger, Compt. rend., 1889, 108, 952). 
The substance (A) melted at 242—254°, and dissolved easily in dil. acids and 
EtOH. Three recrystns. from 50% EtOH yielded colourless plates, m. p. 
257—261° [Found : C, 75-5, 75-7; H, 7-9, 8-0; N, 9-1; M (Rast), 309. Calc. 
for C,,H,,ON, (cinchonine), C, 77-5; H, 7-5; N, 95%; M, 294. Cale. for 
C,,H,,0,N,, C, 73-1; H, 7-7; N, 90%; M, 312]. In HCl aq., this substance 
had [a];4,, — 261°. It decolorised cold acid KMaO, about 10 times more slowly 
than cinchonine, indicating the presence of only small amounts of unsatd. 
material, and was very slowly oxidised by hot PdCl, aq. It was not attacked 
by a large excess of semicarbazide at 100°. CHI, could be detected by its 
odour when the substance was warmed with NaOI; this reaction is given by 
a-hydroxycinchonine by reason of the group CH,*CH(OH)-. 

(B). The picrate formed coarse yellow irregular plates, m. p. 150—167° 
(Found: N, 13-9. 2C,,H,,O,N,,3C,H,O,N, requires N, 139%). The 
m. p. was not altered by recrystn. from EtOH, in which the picrate was 
sparingly sol. It was evidently the picrate of cinchotenine, in which the 
vinyl group of cinchonine has been oxidised to carboxyl and H‘CO,H. ‘There 
was no depression of m. p. of a mixture with the picrate, m. p. 149—165°, of 
authentic cinchotenine (Skraup, Annalen, 1879, 197, 376). 

The wt. of Pd collected after the oxidation was about 30% in excess of that 
required by the weight of cinchotenine actually isolated as picrate without any 
special precautions being taken to ensure a max. yield. This supports the view 
that the material (A) was not formed as the result of an oxidation. 
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314. Light Filters for the Mercury Lamp. 
By Epmunp J. Bowen. 


THE following observations relate to the use of filters for the quartz 
mercury lamp. Though lamps differ in emission among themselves 
and with age, the filters described below will probably be found suit- 
able for all mercury lamps in good condition. The lamp used in the 
measurements was a Hanovia “ Alpine Sun,” D.C. model, running 
with 72 volts across the burner, which had been in use about 200 
hours. The distribution of its ultra-violet emission is given below. 

For photochemical work, light as monochromatic and yet as 
intense as possible is required ; the shorter waves in particular must 
be effectively removed. Owing to the peculiar distribution of in- 
tensity in the spectrum of the mercury lamp and to the variation of 
sensitivity of the photographic plate with wave-length, a filter with 
certain photographically determined characteristics when used in 
conjunction with another type of light source may be unsuitable; 
again, many filters, ¢.g., ‘‘ Vita-glass,” do not cut off sharply, but 
show a gradually diminishing absorption towards shorter wave- 
lengths. To obtain sharp “ cutting” it is necessary sometimes to 
resort to solutions of organic substances, and here, under the con- 
ditions of very intense illumination necessary for photochemical 
work, changes of transmission owing to decomposition must be 
avoided by renewing the filter continuously from a stock vessel. 
The filters described below show the following features: (a) the 
infra-red is effectively removed, even from the ultra-violet filters; 
(6) the number of separate filters is reduced to a minimum ; (c) the 
transmission is high with good ‘‘monochromatism”’; (d) the 
stability of the filters under given energy conditions has been 
investigated. 

EXPERIMENTAL. 

To attain the requisite intensity for photochemical reactions, it is almost 
essential to use some form of condenser; and, particularly in the ultra-violet 
region, the use of round flasks as combined condenser-filters possesses advan- 
tages of convenience and economy (cf, Norrish, J., 1929, 1158). Two arrange 
ments may be employed. Using one flask, placed a few cm. from the lamp, 
approx. parallel light can be obtained, while with two flasks almost in contact, 
and one nearly touching the burner, very much more intense light converging 
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to an image about 3 cm. by 0-75 em. is obtained about 5 cm. beyond the second 
flask. All the measurements given in this’ paper were made on the light 
intensity at circular apertures (1—2 sq. cm.) illuminated (non-uniformly) by 
the image formed in the second arrangement. Similar relative though feebler 
intensities (about 1/4 to 1/10) may be obtained in the single flask arrangement 
by the modifications described below. 

For the production of monochromatic light it is most convenient first to 
divide the whole range of frequencies into four regions with four principal 
filters, (a) yellow and green lines, (b) blue, violet, and 3665 A. lines, (c) lines 
3340—2800 A., (d) lines 2800—2480 A. Subsidiary filters in conjunction with 
these are used to isolate single lines. 

For the first two regions, in the arrangement using two flasks, the first flask 
(glass, diameter 10—12 cm.), placed very near the lamp, should be filled with 
dist. H,O. For the second flask, a spherical glass ‘‘ Dewar ” double-walled 
vessel of about 12 cm. outside diameter with the double walls about 1 cm. apart 
is suggested. The inner part is filled with H,O, while the space between the 
walls should contain the following solutions : 

(1) For region (a), 60 g. CuSO,,5H,O; 2 g. K,Cr,0,; 55 c.c. conc. H,SO,; 
made up to 11. with H,O. Combined with this filter, 3-4 mm. of Corning glass 
344 transmits only the yellow lines 5790 and 5770 A., and 5 mm. of Corning 
glass 512 transmits only the green line 5460 A. 

(2) For region (b), 20 g. CuSO,,5H,0 ; 300 ¢.c. NH,OH aq. (d 0-88); made up 
to 1 1. with H,O. In conjunction with this filter, 2-6 mm. of Corning glass 
Noviol A transmits only the blue line 4360 A.; 2 mm. of Corning glass Noviol 
0 + lem. of a CCl, solution of I (7-6 g./1.) transmits only the line 4060 A.; and 
2—2-5 mm. of Chance’s black “ ultra-violet ” glass transmits only the line 
3665 A. 

The following measurements, made with a Moll thermopile, calibrated against 
a Hefner lamp, show the amounts of energy obtainable at an aperture of 
28q. cm. placed at the concentrated image of the Hg lamp : 


A. 5790 + 5770 5460 4360 4060 3665 
Nhy per sec. x 10° 23 52 22 9 32 


These results, though referring to a particular lamp at a particular time, are 
useful as a guide to the approx. intensity of monochromatic illumination 
obtainable by the above methods. The transmissions are monochromatic, 
and the infra-red is absent, within about 1%. Less intense light, but more 
nearly parallel, may be produced by the omission of the first flask of H,O. 

For the ultra-violet regions, spherical fused quartz flasks, 10 cm. in diameter 
(} 1.) and of good quality give good results. For region (c) the flask nearest the 
lamp should contain a solution of 70 g. of NiCl,,6H,O (free from Co and Fe) 
+ 30 c.c. cone. HCl, made up to 1 1. with H,O; while for region (d) this stock 
solution should be diluted to one-fifth concn. These solutions are stable, and 
remove the infra-red and the 4060 A. line, and greatly reduce the intensity of 
the 3665 A. line. 

The measurements given below were made with a special instrument consist- 
ing of a small quartz spectroscope fitted with a sodium-in-quartz photoelectric 
cell and Lindemann electrometer. This instrument had been calibrated at 
different wave-lengths by Mr. J. H. Jeffree, using a thermopile and a Paschen 
galvanometer, and had been fitted with a template in the plane of the spectrum 
to make its sensivity (in g.-mol. quanta/cm.*/sec.) uniform over the region 
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3665—2480 A. Two flasks were used, almost touching, one very near the 
lamp, followed by plane-walled quartz cells, the intensity being measured at 
the region of the concentrated image of the lamp about 5 cm. beyond the second 


flask. 


Lines 
trans- 
mitted, 
i. 
3665— 
2480 


Flask 1. 
Water. 


NiCl, 


soln. 


(stock). 


Flask 2. 


Water. 


Uric acid, satd. 
soln. in H,O 
at 15°. 


K,CrO, soln. 
in 20: 5 
c.c. of stock 
soln. (3-0 g. 
K,CrO, perl.) 
+ 5 cc. of 
2N-NaOH + 
490 c.c. H,O. 


Auramine 0 


soln. in H,O; 
60 c.c. stock 
soln. (0-125 
g. perl.) + 
440 c.c. H,O. 


Water. 


Plane-walled 
quartz cells. 


Potassium 
ee 
phthalate 
soln. in H,O 
(13 g. per 1.), 
1 cm. 


Ph’O0,F aq., 
satd. at 15°, 
1 cm, 


Harr ton’ 6 
“A.R.’’ benz- 
ene, i cm. 


Cl gas at 760 
mm.,3 cm. + 


1 cm. (82 c.c. 
of satd. soln. 
at 15° dil. to 
100 c.c.). 


Cl gas at 760 
mm., 3 cm. 


Ol gas at 760 
mm.,3 cm. + 
KI, soln. in 
H,0; 8-6 c.c. 
of stock soln. 


G27 lh: 
18 gE per 


Tom 


3800— 


For arrange- 
ment 
one flask re- 
_ Flask 1 
Vy: 


Stability of 
filter under 
given energy 
conditions. 


‘Transmission 
measurements, 
Nhy/cm.*/sec. 
x 10°. 
50-0 
5-0 
20-0 
15-6 


3-0 


see 
3340 
3135 
3030— 
2900 
2900— 
2800 
2800— 
2700 
2650 
2540 
2480 


1-4 


4-8 
4:8 
1-4 
0-055 Uric acid soln. 
should be 
changed 
every hour. 


3500 
3340 
3250— 
2480 


1-65 
0-17 


Fresh phthal- 
ate soln. 
should circul- 
ate at 250 c.c. 
per hr. 


0-16 


10-0 
0-25 
0-42 


0-22 


Auramine 0 
soln. should 
be changed 
every 6 brs.; 
Ph’CO,H aq. 
to be renewed 
at 11. per hr. 


0-35 


8-5 
4-6 


soln. (stock), 
1 cm. 


Fresh O,H, 
should circul- 
ate at 41. per 
br. 


Fresh O,H, 
soln. should 
circulate at 5 
1, per hr. 


Stable. 
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For the measurement of the ultra-violet constituent of such filtered light as 
the above with a thermopile, see Norrish and Kirkbride (this vol., p. 1518). 

It will be noted that for the ultra-violet region many of the solutions must be 
renewed at fairly high rates. These rates would be correspondingly less under 
conditions of less intense illumination. For the filter isolating 2650 A., the 
C,H, employed must be carefully purified by freezing out several times from 
ordinary high-grade C,H,; even with this purification, however, its trans- 
mission changes on exposure to intense illumination without circulation. The 
filter transmitting the line 3030 A. is admittedly incompletely specified, since 
its action depends on an unknown impurity in Harrington’s A.R. benzene. It 
is included only because of its unique property, which might be very useful for 
certain work, of almost removing the neighbouring strong 3135 A. line. The 
C,H, rapidly darkens on exposure, and high rates of flow through the filter are 
necessary. These unexpected properties of C,H, are under investigation. 


The author is indebted to the Royal Society for a grant with the aid of which 
the measuring instruments used were constructed. 


PuysicaL Onemistry LaBoratrory, BALLIOL AND Trinity COLLEGES, 
OXFORD. [Received, June 23rd, 1932.] 





315. Dielectric Polarisation Measurements on some 
Nitroso-compounds. 


By R. J. W. Le Févre and Joun W. Smits. 


THE total influence of a substituent radical upon the aromatic 
nucleus containing it has been analysed into three component types, 
the inductive, the tautomeric, and the direct effect. The first 
involves a permanent distortion of the covalency linkages, and, with 
the third, obviously could be studied directly by dipole-moment 
determination, if the molecule were only to possess an electrically 
rigid structure. The second consists of an additional covalency 
distortion which may arise within a molecule immediately prior to 
reaction, and will, in a given case, be specific for and caused by the 
particular approaching reagent molecule under consideration, and 
will be modified (in a series of cases involving the same reagent) by 
temperature, reaction medium, etc. 

The greater number of known op-substitutions occur by this 
“tautomeric ’’ mechanism, and, in order for this to function, the 
molecule clearly must be capable of becoming polarised, i.e., of 
suffering temporary electron displacements. Whether the actuating 
cause is the electric field of another molecule or the electromagnetic 
waves of light is immaterial; temporary polarisations will be pro- 
pagated throughout the molecule, proportional to, inter alia, the 
intrinsic ability of the molecule to become polarised, i.e., to the 
magnitude of possible ‘‘ 7'”’ covalency changes. 
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The Dipole Moment of the Nitroso-growp.—An aromatic molecule 
containing a radical capable of materially assisting conjugative 
polarisations of both + 7' and — 7’ types, according to the nature 
of the reagent applied, obviously possesses readily available covalency 
electrons and might thus be capable of very considerable polarisation 
(in the absence of reacting molecules or other strong applied electrical 
forces) at the instance of the weakly intrinsic polar nature of the 
substituent. 

It has been suggested (J., 1931, 810) that an example of such a 
radical is the nitroso-group. In this case, then, the apparent 
possession by nitrosobenzene of a large dipole moment, considerably 
larger than that for 2-nitroso-2 : 5-dimethylhexane and even equalling 
that for nitrobenzene (Hammick, New, and Sutton, this vol., p. 742), 
although apparently indicating an electron drift out of the 
nucleus (— J effect), could well be quite without prejudice to the 
ability of the nitroso-group to facilitate op-substitution under the 
action of the usual kationoid reagents. The differences of moments 
between aliphatic and aromatic isomerides follow only very roughly 
the same order as directing power (cf. table in Ann. Reports, 1931, 
393, from which Cl would appear to be a stronger op-orienting group 
than NH, or CH,) and could scareely be used by themselves to 
diagnose the orienting nature of a substituent. The critical fact in 
making applications of this type would seem to be, not so much sign 
and sense of the differences between moments of aliphatic and 
aromatic isomerides, but rather whether the conjugative electron 
displacements caused by the substituent radical can or cannot be 
maintained against the attack of a strongly kationoid reagent at the 
0- or p-positions. If it cannot, then clearly the o- or p-substitution 
will occur. A priori it would seem that the greater the op-directive 
influence of a group the more will its apparent group moment 
depend on the specific nature of the remainder of the molecule. The 
measurements of the dipole moments of p-nitroso-dimethyl-, -di- 
ethyl-, and -monomethyl-anilines described in this paper, considered 
alongside existing data (Table I), show clearly that the nitroso- 
group has a large capacity for producing polarisation of the molecule 
as ‘a whole, restricted, apparently, only by the specific inherent 
limitations of the ability of aryl radicals in each case to act further 
as electron sources and sinks. Thus, in these molecules, the presence 
of readily mobile electrons both in the nucleus and in the substituent 
groups causes the normal additivity rules for dipole moments to 
break down completely. In col. 4 of Table I are given the maxi- 
mum values of the dipole moment to be expected according to the 
additivity principle, calculated from the data for nitrosobenzene 
(Hammick, New, and Swtton, loc. cit.), and for dimethyl- and 
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monomethyl-aniline (Fogelberg and Williams, Physikal. Z., 1931, 
32, 27). 
TaB_eE I. 


10° nin C,H,. 10° » in CCl,. 10** yp, calc. (max.). 
CMe HICH) Mey NO 2-51 — = 
3:14 — — 
p- ‘NMey-C 6-89 “3: 4-72 
“4S 


p-NEt,°C 7-18 —- 
p-) ).NHMe- oi, ‘NO 7°38 — 4-78 


The values shown in col. 2 were obtained in benzene solution, and 
those referring to p-nitroso-diethyl- and -monomethyl-aniline appear 
to be the largest dipole moments yet reported for any organic 
compound. Since, however, p-nitrosodimethylaniline is known to 
give a sojid molecular compound with benzene (Wurster and Roser, 
Ber., 1879, 12,1824), which might persist in solution, it was consideted 
desirable to check the determinations by using as solvent carbon 
tetrachloride, with which combination is unlikely. The values 
found for the electric moment were of the same order as, but slightly 
lower than, those obtained in benzene solution (Table I, col. 3), 
possibly owing to some solvation effect with this solvent. The 
results are also interesting as indicating clearly that the molecular 
compound with benzene is broken up in solution (cf. racemic 
compounds). 

A phenomenon similar to the cases described above is observed 
with p-nitroaniline, but to a less marked extent. Thus, yp for 
aniline = 1-56, » for nitrobenzene = 4-0 (mean of several authors’ 
results); hence, the maximum value to be expected on an additivity 
basis = 5-56; actually, values of 6-4 (Tiganik, Z. physikal. Chem., 
1931, B, 14, 135) and 7-1 (Hejendahl, Physikal. Z., 1929, 30, 391) 
have been reported. At first sight, therefore, "NO, and -NOQ might 
appear to be similar groups. That this is not the case, follows from 
the results of nitration of nitrobenzene (Holleman and de Bruyn, 
Rec. trav. chim., 1900, 19, 79), in which about 7% of op-nitration 
was observed notwithstanding the possession by the nitro-group of 
an integral positive ionic charge adjacent to the nucleus which should 
have undergone m-substitution. In view of the strongly m-directing 
character of a positive. pole, the implication is that the nitroso-group, 
lacking such a charge, is predominantly op-directing. 


EXPERIMENTAL. 

Preparation of Materials,—(a) Solvents. The C,H, used was British Drug 
Houses ‘‘ Extra Pure for Molecular Weight Determination” grade ; it was free 
from thiophen. It was dried over Na, recryst. twice, dried again, fractionally 
distilled, and then treated with successive quantities of Na wire until the latter 
retained its metallic lustre. 








2242 LE FEVRE AND SMITH: DIELECTRIC POLARISATION 


Pure commercial CCl, (Hopkin and Williams) was repeatedly washed 
successively with conc. H,SO,, H,O, 2N-NaOH, and H,O again. It was dried 
over anhyd. K,CO,, fractionated, and then dried over KOH sticks. Tests for 
the usual impurities (COCI,, CS,, sulphur chlorides, and aldehydes) all gave 
negative results. 

(b) Nitroso-compounds. These were prep. from the redistilled bases. No 
records seem to exist as to the recrystn. of p-nitroso-dimethyl- and -diethyl. 
aniline, which are always isolated by evaporation of ethereal solutions, By two 
successive crystns. of either compound from much light petroleum (b. p. 80— 
100°), specimens with m. p.’s 92-5—93-5° (lit. 85°) and 87—88° (lit. 84°) 
respectively were obtained. 

Crystn. of nitrosodimethylaniline from C,H, yielded large tablets, m. p. 
below 50°, which were pure green by transmitted and steel-blue by reflected 
light. Since, on standing in the air for 2 hrs., 14 g. of these crystals slowly fell 
to a green powder (9-1 g.), they were evidently the compound C,H,.N,0,C,H,. 

p-Nitrosomethylaniline was prep. as described by Fischer and Hepp (Ber., 
1886, 19, 2991); after two crystns. from C,H,-light petroleum, it formed 
large blue crystals, m. p. 114—115°. 

The cryoscopy of the above compounds has been examined by Auwers 
(Z. physikal. Chem., 1900, 32, 53), using C,,H, as a solvent. Very little asso- 
ciation of solute was obs. in dil. solutions. No figures for the mol. wts. of these 
nitroso-compounds in C,H, or CCl, are available, but since the solutions in 
both solvents are strongly green, there can be little doubt that the solute mols. 
are in the monomeric condition. 

Measurements.—The dielectric consts. of dil. solutions of the nitroso-com- 
pounds in C,H, and in CCl, were determined by the resonance method de- 
scribed previously (Proc. Roy. Soc., 1932, A, 186, 251). These measurements 
were made at 25° and in some cases also at 45°. The refractive indices of the 
same solutions were determined at 15° and for the Hg green (5461 A.) line 
with a Pulfrich refractometer. The densities of the solutions were measured 
at thesametemps. From these data the mol. polarisations and mol. refractivi- 
ties of the solutes were calc. by the well-known modifications of the Clausius- 
Mosotti and Lorenz—Lorentz equations. The significant data are collected in 
Table IT. 

In the case of p-nitrosomethylaniline, and with p-nitrosodimethylaniline 
in CCl,, the range of conens. over which measurements could be made was 
limited by the relatively sparing solublity. Consequently, the figure for the 
mol. refraction in the former case is only approx. 

In Table II, the symbols M, P, and R refer respectively to the mol. wts., 
mol. polarisations, and mol. refractivities of the components, and f to their 
mol.-fractions in the solutions, the subscripts 1 and 2 applying to solute and 
solvent respectively; ¢, 9, and n refer, respectively, to the dielectric consts., 
densities, and refractive indices of the wakutiqn, and P, to the orientation 
polarisation of the solute. 

With a view to determine whether there is a large at. polarisation associated 
with these mols., a measurement was made of the dielectric const. and density 
of p-nitrosodimethylaniline in the solid state. The values found were 3-90 
and 1-17 respectively, whence Pp + P, = 63°0c.c. The figure quoted for the 
dielectric const. may be slightly too low, owing to the fact that the nitroso- 
dimethylaniline, on solidifying in the test condenser, may have contracted 
somewhat and thus not completely filled the space between the plates. There- 





MEASUREMENTS ON SOME NITROSO-COMPOUNDS. 2243 


TaBLe II. 

p-Nitrosodimethylaniline in benzene. 

fy x 108 0 1166 2333 3735 5278. 6231 7925 18,785 

Mi}, + Mef, 78 78-084 78-168 78-269 78-380 78-449 78-571 79-353 

25°. 

€ 2-2725 2-353 2-431 2-531 2-628 2-691 2-797 3-483 

p 0:8738 0-8743 0-8749 0-8755 0-8761 0-8766 0-8776 0-8824 
PifitPef, 26585 27-76 28-85 30-21 31-47 32-26 33-54 40-72 
Pif, 26-585 26-55 26-52 26-49 26-44 26-42 26-37 26-08 
121 233 3-72 5-03 584 7:17 14-64 
1033 1000 §=9996) = «952——s«*O93' 905 779 


45°. 

2-374 2-459 2-550 2-605 
0-8532 0-8536 0-8547 0-8552 

28-78 30:00 31-24 31-99 
26-60 26°56 26-52 26-50 

2-18 3-44 4:72 5-49 

966 934 921 894 882 

15°. 

1-5113 1-5122 1-5125 
2-2840 2-2867 2-2877 2-2903 
0:8860 0-8869 0-8871 0-8882 
477 26-528 26-559 26-605 
26°216 26-191 26-163 
0-312 0-368 0-442 


p 
Ry fy + Rofo 26°35! on. | © 
eJe 26°30: 26-25 
Rf, - 0-22 
R, 59-0 = 89-1 59-1 (60-6) 
P, at inf. dilution at 25° = 1044 c.c., at 45° = 988 c.c.; R, = 59 c.c. 
Whence, at 25°, Py = 985 c.c., p = 6:89 x 10718 e.s.u. 
at 45°, Ps = 929 c.c., p = 6-91 x 10°? e.s.u. 
p-Nitrosodimethylaniline in carbon tetrachloride (at 25°) 
tf, x 108 0 f 1140 
M,fi,+ Milfs 154 53- 153-996 
€ 2 257 2-286 
844 -§84° 1-5838 
1 “6: 29-17 
l 28-18 
0-99 
869 


p 
Pifi + Pobs 
2Je 
Pifi 
1 
P, at inf. dilution at 25° = 890 c.c. 
Taking R, as 59 c.c., Py = = 831 c.c., p = 6-33 x 107 Besu. 
p-Nitrosodiethylaniline in benzene. 
J, < 10° 0 2274 4908 
M,f,+ Mf, 78 78-227 78-491 
25°. 
2-2725 2-440 2-627 
0:8738 0:8746 0:8754 
26-585 29-01 31-53 
26-585 26-52 26-46 
— 2-49 5-07 
1095 1033 


2-4 
1- 
28-3 
28-5 


1-5093 Lb 1-5120 
2-278] 2-2861 
0-8842 0-8858 
26-355 26- 26-589 
26-355 26-29% 26-226 
— ° 0-363 
— . 73-9 
at inf. dilution at 25° = 1144 ¢.c.; R, = 73-5 c.c. 
Whence P, = 1070 c.c., p = 7:18 x 107 e.s.u. 
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TaBLeE IL (contd.). 


p-Nitrosodiethylaniline in carbon tetrachloride. 


Sf, x 10° 0 1586 2598 5468 6511 10,963 
M,f,+ Mzfs 154 154-038 154-062 154-131 154-156 154-263 
25°. 

€ 2-227 2-325 2-385 2-555 2-621 2-876 
p 1-5844 1-5830 1-5821 1-5798 1-5789 1-5751 
Pifi + Pofy 28214 29-81 30-74 33-30 34-24 37-67 
28-214 28-17 28-14 28-06 28-03 
— 1-64 2-60 5-24 6-21 
— 1034 1002 959 954 
45°, 
2-284 2-340 , 2-548 
1-5447 1-5439 { 1-5409 
29-89 30-81 33° 34-05 
28-33 28-30 22 28-19 
1-56 2-51 , 5-86 
980 965 é 900 
15°. 
1-4665 1-4674 1-4680 1-4703 
21506 2-1533 2-1550 2-1600 2-1618 
1-6036 1-6022 1-6013 1-5990 1-5979 
26-622 26-697 26-744 26-879 26-932 27-147 
y 26-622 26-580 26-553 26-476 26-449 26-331 
Ry hy oe 0-117 0-191 0-403 0-483 0-816 
R, — 73-8 73-5 73-7 74-2 74-4 
P, at inf. dilution at 25° = 1054 c.c., at 45° = 1000 ¢.c.; 
Whence, at 25°, Py = 980 c.c., p = 6-87 xX 10-8 e.s.u. 
at 45°, Py = 926 c.c., p = 6-90 x 10° e.s.u. 


p-Nitrosomethylaniline in benzene. 


Sf, x 10 0 1029 1536 
M,fi + Mefs 78 78-059 78-089 
25°. 
2-2725 2-351 2-389 
0-8738 0-8740 0-8741 
26-585 27-732 28-273 
26-585 26-558 26-544 
— 1-174 1-729 
~- 1141 1126 
15°. 
1-5093 1-5098 1-5100 
2-2781 2-2795 2-2802 
0-8842 0-8844 08845 
26-355 26-389 26-406 
26-355 26-328 26-315 
_- 0-061 0-091 
bun 59-3 59-2 
P, at inf. dilution at 25° = 1190 c.c.; R, = 59 c.c. 
Whence P, = 1131 ¢.c., p= 7:38 k 107 * e.8.u. 


fore, the value of Py + P, may be somewhat higher than that given above. 
Owing to the great dilution of the solutions employed, no attempt was made to 
measure the dispersivity of the compounds, but from the value of the refractivity 
for the Hg green line it is evident that there must be an atomic polarisation of 
more than 4c,c, However, the measurements made with the substance in the 
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solid state serve to show that no great error is introduced into the dipole 
moment calc. by taking the value of Pz + P, as equal to the mol. refraction 
for the 5461 A, line. 

There is some evidence that the dipole moments of p-nitrosodimethyl- and 
-diethyl-aniline increase slightly with rise of temp., the values for the former 
in C,H, and for the latter in CCl, changing from 6-89 to 6-91 and from 6°87 to 
6-90, respectively, over the temp. range 25—46°. 


Summary. 

The dielectric constants, refractive indices, and densities of dilute 
solutions of p-nitroso-dimethyl-, -diethyl-, and -monomethyl-aniline 
in benzene and in carbon tetrachloride have been measured, and the 
corresponding electric dipole moments calculated. The results, 
along with previous data, are discussed with reference to the 
behaviour of the nitroso-group in organic compounds. 


University Cotuece, Lonpon. [ Received, June 28th, 1932.) 





316. Substitution in Compounds containing Two or 
More Phenyl Groups. Part Il. The Nitration 
of 3-Methyldiphenyl. 

By W.S. M. Grieve and D. H, Hey. 


CARNELLEY (J., 1876, 29, 20) found that the mono-nitration of 
4-methyldiphenyl gave a solid product, later shown by Gomberg 
and Pernert (J. Amer. Chem. Soc., 1926, 48, 1372) to be 4-nitro- 
4’-methyldiphenyl, and a yellow oil, which has beén shown to 
contain mainly 2-nitro-4-methyldiphenyl together with 2-nitro-4’- 
methyldipheny! (this vol., p. 1888). These results indicate that in 
4-methyldiphenyl the substitution is primarily controlled by the 
strongly op-directive effects of the groups Ph and p-C,H,Me, which 
are superior to that of the methyl group. In the methylated 
nucleus of 4-methyldiphenyl the two radicals Ph and Me are acting 
in opposition with regard to their op-directive effects, whereas in 
the corresponding nucleus of 3-methyldipheny] these effects of the 
two radicals co-operate. In the latter case predominating homo- 
nuclear substitution would be indicated and this has been borne 
out by experiment. In the nitration of 3-methyldiphenyl, unlike 
that of 4-methyldipheny]l, only 4-nitro-3-methyldiphenyl] has so far 
been shown to be formed. 

The nitration of 3-methyldiphenyl by concentrated nitric and 
glacial acetic acids gave a liquid product, from which on reduction 
and acetylation 4-acetamido-3-methyldiphenyl was obtained in good 
yield.. Oxidation of this with neutral potassium permanganate 
gave 4-acetamidod iphenyl-3-carborylic acid. This acetamidomethy]- 
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dipheny! is probably identical with that obtained by Pummerer, 
Binapfl, Bittner, and Schuegraf (Ber., 1922, 55, 3095) by a some- 
what complicated reaction (compare also Pummerer and Binapfi, 
ibid., 1921, 54, 2768), but its structure is now definitely proved 
(a) by its synthesis, by the method of Gomberg and Bachmann (J. 
Amer. Chem. Soc., 1924, 46, 2339) and Gomberg and Pernert (loc. 
cit.), from 6-nitro-m-toluidine and benzene, and (b) by oxidation 
with chromic acid of the nitration product of 3-methyldipheny]l, 
which gave 4-nitro-3-methylbenzoic acid, identical with a specimen 
obtained from the oxidation of 4-nitro-m-xylene. ‘Treatment of 
the nitration product of 3-methyldipheny! with nitric acid (d 1-37) 
according to the method described in Vanino’s “ Handbuch der 
Praparativen Chemie” for the oxidation of o-nitrotoluene to 
o-nitrobenzoic acid produced 4 : 4'-dinitro-3-methyldiphenyl. 

Attempts to confirm the position of the nitro-group by reduction 
to the amine and subsequent titration with standard potassium 
bromate in the presence of acidified aqueous potassium bromide 
(compare Callan and Henderson, J. Soc. Chem. Ind., 1922, 41, 
161T) were inconclusive, because the reaction was slow, no sharp 
end-point could be obtained, and a dark greenish indefinite oxid- 
ation product was precipitated. Such bases as m-4-xylidine, benz- 
idine, and o-tolidine behave in this manner in the bromide--bromate 
reaction (Francis, J. Amer. Chem. Soc., 1926, 48, 1631), 4-amino- 
diphenyl! also reacts abnormally to some extent, but with 2-amino- 
diphenyl the reaction proceeds quantitatively in the normal manner 
at room temperature to give 3 : 5-dibromo-2-aminodipheny]. 

The nitration of 4-methyldiphenyl at the 4’-position and of 
3-methyldiphenyl at the 4-position shows a certain parallelism to 
the substitution reactions of 4- and 3-methylazobenzene respectively 
(Burns, McCombie, and Scarborough, J., 1928, 2928), although in 
4-methyldiphenyl the high op ratios of the Ph and p-C,H,Me 
groups result in appreciable substitution at the 2- and 2’-positions 
as well. 

EXPERIMENTAL. 

Nitration of 3-Methyldiphenyl_—3-Methyldipheny! (21:5 g.) in AcOH was 
warmed with conc. HNO, (100 c.c.; d 1:42) and AcOH (100 c.c.) on the 
water-bath for 10 mins., and the solution kept over-night at room temp. and 
poured into H,O. An ethereal extract, washed with aq. alkali, dried, and 
evaporated, yielded a pale yellow oil, b. p. 195—200°/18 mm. (24 g.) (Found: 
N, 6-6. Calc. for mononitration : N, 6-6%). 

Oxidation of the nitration product. The nitro-compound (5 g.) in AcOH 
was refluxed for 12 hrs., CrO, (30 g.) in 90% aq. AcOH being gradually added. 
When cold, the mixture was poured into H,O and extracted with Et,0, and 
this solvent evaporated, leaving an AcOH solution of the oxidation product, 
which was pptd. on addition of H,O. Recrystn. from aq. EtOH gave 4-nitro- 
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3-methylbenzoic acid, m. p. 212° alone, and 213—214° when mixed with an 
authentic specimen prepared as described later (Found: C, 53-2; H, 4-0. 
Cale. for C,H,0,N: C, 53-0; H, 39%). Hardly any oxidation could be 
effected by boiling the nitro-compound for 48 hrs. with alkaline KMnO, aq., 
or by heating it on the steam-bath for 1 day with HNO, (d 1:37). This 
treatment gradually produced a yellow cryst. solid, recrystn. of which from 
EtOH gave 4: 4’-dinitro-3-methyldiphenyl in fine, pale yellow needles, m. p. 
197° (Found: C, 60-8; H, 3-9. C,,;H,,0,N, requires C, 60-5; H, 3-9%). 
Reduction of the dinitro-compound by SnCl, in EtOH and conc. HCl gave 
3-methylbenzidine as a viscous oil [picrate, m. p. 204° (decomp.) (compare 
von Braun and Mintz, Ber., 1917, 50, 1651)). 

4-Nitro-3-methylbenzoic acid was prepared from pure m-xylene by nitration 
with fuming HNO, at 15° (compare Beilstein and Kreusler, Annalen, 1867, 
144, 167); steam distillation of the water-washed product and extraction of 
the distillate with Et,O gave, on evaporation of the solvent, crude 4-nitro- 
m-xylene (reduction and acetylation gave 4-aceto-m-xylidide, m. p. and mixed 
m. p. 120—122°). The residue in the flask contained 4 : 6-dinitro-m-xylene. 
Oxidation of the 4-nitro-m-xylene (6-5 g.) by 8 hrs.’ heating with CrO, (13 g.) 
in AcOH and subsequent dilution with H,O gave 4-nitro-3-methylbenzoic 
acid (2-5 g.), m. p. 214° after crystn. from aq. EtOH. 

Reduction of the nitration product of 3-methyldiphenyl. ‘The nitro-compound 
(6 g.) in EtOH (70 c.c.) was reduced with SnCl, (36 g.) in conc. HCl (80 c.c.) 
on the steam-bath for 2 hrs., and from the cooled solution, made alkaline, 
Et,0 extracted an oil, which was treated with Ac,O. Crystn. from EtOH 
gave 4-acetamido-3-methyldiphenyl in clusters of small needles, m. p. 166°; 
more was obtained on evaporation of the mother-liquor (Found: C, 80-0; 
H, 6-6; N, 6-2. C,,H,,ON requires C, 80-0; H, 6-7; N, 6-2%). 

Oxidation of 4-Acetamido-3-methyldiphenyl.—A suspension of 4-acetamido- 
3-methyldiphenyl (1-1 g.) in H,O (100 c.c.) containing KMnO, (1-8 g.) and 
MgSO, (2-5 g.) was boiled for 36 hrs. When the hot filtered: solution was 
treated with SO,, 4-acetamidodiphenyl-3-carborylic acid was pptd.; micro- 
scopic crystals, m. p. 205—206°, after two crystns. from aq. EtOH (Found : 
C, 70-35; H, 5-5; N, 5-3. C,;H,,0,N requires C, 70-6; H, 5-1; N, 5-5%). 

Synthesis of 4-Acetamido-3-methyldiphenyl_—A solution of crude 6-nitro-m- 
toluidine (Cohen and Dakin, J., 1903, 88, 331; Noelting and Stoecklin, Ber., 
1891, 24, 564) (41 g.) in conc. HCI (60 c.c., d 1-16) was diazotised at 10—15° 
with ag. NaNO, and after 2 hrs. was added slowly to C,H, (300 c.c.) and aq. 
NaOH (40 g. in 120 c.c.) at 5—10°. After being stirred for 5 hrs. and left 
over-night, the mixture was heated on the water-bath for 4 hr. The C,H, 
layer was washed with H,O, conc. HCl, and again with H,O, dried over 
CaCl,, and evaporated, the residue distilled under reduced press. (not without 
some decomp.), and the oily distillate reduced in the same way as the nitration 
product of 3-methyldiphenyl. The base thus obtained, on acetylation with 
Ac,0, gave 4-acetamido-3-methyldiphenyl, m. p. (after crystn. from 95% aq. 
EtOH) and mixed m. p. (with the prep. obtained from the nitration product 
of 3-methyldiphenyl by reduction and acetylation) 166°. 


Grateful acknowledgment is made to the Chemical Society for a 
grant. 


Tae Universiry, MANCHESTER. [Recewed, June 23rd, 1932.] 
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317. Synthesis of Alkylphenanthrenes. Part III, 
1:2:7-, 1:3: 7-, and 1:6: 7-T'rimethylphenan- 
threnes. 

By R. D. Haworrs and (in part) F. M. Bouam. 


2-METHYLNAPHTHALENE and propiony! chloride reacted in the pres- 
ence of aluminium chloride to yield 6-methyl-2-naphthyl ethyl ketone 
(1; R =H), the constitution of which was established by con- | 
version into 6-methyl-2-naphthoic acid by fusion with potassium 
hydroxide. The ketone (I; R =H) was brominated, and the 
resultant 6-methyl-2-naphthyl «-bromoethyl ketone (I; R = Br) con- 
densed with ethyl sodiomalonate; the produet, after hydrolysis 
and heating at 160°, yielded §-(6-methyl-2-naphthoyl)butyric acu 
(II; R’ = Me, R’” =H). The methyl ester of this acid was con. 
verted by way of +y-(6-methyl-2-naphthy])-$-methyl-A*-pentenoic 
acid (III; R’ = Me, R’ =H) and 4-keto-1 : 2: 7-trimethyl- 


M M (II.) 
(I) 1O-CHRMe 10-CHR"CHR”-CO,H 


1; 2:3: 4-tetrahydrophenanthrene (IV; R’ = Me, R” = H) into 
1: 2: 7-trimethylphenanthrene, by methods developed for similar 
cases in Part II (this vol., p. 1784). 


Me 
M 
CMe:CR"-CHR”-CO,H CHMe 
(IIT.) OC \ an 
(Iv.) CHR” 


In the synthesis of 1:3: 7-trimethylphenanthrene, 2-methyl 
naphthalene was condensed with methylsuccinie anhydride to give 
8-(6-methyl-2-naphthoyl)isobutyric acid (Il; R' =H, R” = Me), 
which yielded 6-methyl-2-naphthoic acid on fusion with potassium 
hydroxide, and this together with the fact that it is not identical 
with the isomeric butyric acid derivative establishes the structure 
assigned to the acid. +-(6-Methyl-2-naphthyl)-«-methyl-A®-pentenot 
acid (IIL; R’ = H, RR” = Me), 4-keto-1 : 3 : 7-trimethyl-1 :2:3:4 
tetrahydrophenanthrene (IV; BR’ =H, R’ = Me), and 1:3: 7-t% 
methylphenanthrene were prepared by the usual methods. 

2 : 3-Dimethylnaphthalene and succinic anhydride reacted to give 
8-(6 : 7-dimethyl-2-naphthoyl)propionic acid, which was converted 
into 6: 7-dimethyl-2-naphthoic acid on fusion with potassium hydr- 
oxide. As the latter acid was also obtained by hydrolysis of 2-cyano- 
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6: 7-dimethylnaphthalene, which resulted from the action of potass- 
ium cyanide on sodium 6 : 7-dimethylnaphthalene-2-sulphonate 
(Kruber, Ber., 1929, 62, 3044) the structure assigned to the keto- 
acid is established. By an application of the usual methods y-(6 : 7- 
dimethyl-2-naphthyl)-A®-pentenoic acid,  4-keto-1 : 6 : 7-trimethyl- 
1:2:3: 4-tetrahydrophenanthrene, and 1 : 6 : 7-trimethylphenanthrene 
were prepared. 

The constants for the synthetical trimethylphenanthrenes and their 
derivatives do not correspond with those recorded for the methy]- 
pimanthrenes obtained from d-pimaric and isoagathic dicarboxylic 
acids. 

The structure assigned to pimanthrene establishes the 1 : 7- 
positions of the two methyl groups of d-pimaric acid, and the syn- 
thesis of the trimethylphenanthrenes described in this and earlier 
communications proves that the carboxyl group cannot be situated 
in the 2-, 3-, 4-, or 6-position. 


EXPERIMENTAL. 
6-Methyl-2-naphthyl Ethyl Ketone (I; R = H).—Propionyl chloride (15 g.) 
was gradually added with cooling to a solution of 2-methylnaphthalene (23 g.) 
and AICI, (44 g.) in PhNO, (100 c.c.). After 48 hrs., dil. HC] was added, the 
PhNO, removed in steam, and the residue extracted with C,H,, dried, and 


fractionated. The ketone (I; R = H; 20g.), b. p. 198—200°/15 mm.., crystal- 
lised from light petroleum (b. p. 40—60°) in colourless needles, m. p. 61—62° 
(Found : C, 84-4; H, 7-1. C,,H,,0O requires C, 84-8; H,7-1%). The ketone 
(0-5 g.) and KOH (2-5 g.) were fused at 250° for 15 mins. ; 6-methyl-2-naphthoic 
acid, m. p. 225—226°, was obtained and identified by comparison with a speci- 
men prepared from §-(6-methyl-2-naphthoyl)propionic acid and also by 
conversion into the methyl ester, m. p. 116—117°. 

6-Methyl-2-naphthyl a-bromoethyl ketone (I; R = Br), obtained by adding Br 
(1-1 ¢.c.) with cooling to the above ketone (3-4 g.) in CCl, (20 c.c.), after 3 hrs. 
removing the HBr in a current of air and the solvent under reduced press., 
crystallised from light petroleum (b. p. 60—80°) in prisms, m. p. 92—93° 
(Found: C, 60-9; H, 4:7. C,,H,,OBr requires C, 60-6; H, 4-7%). 

B-(6-Methyl-2-naphthoyl)butyric Acid (II; R’ = Me, R” = H).—The above 
bromide (15 g.) and ethyl sodiomalonate (Na, 1-9 g.; ethyl malonate, 13 g.) 
were heated for 12 hrs. in C,H, solution, the mixture acidified, the C,H, layer 
separated, the solvent removed, and the residual oil hydrolysed with methyl- 
ale. KOH. The dicarboxylic acid, isolated with Et,O, was heated at 160— 
170° for 2 hrs., and the residue crystallised from C,H,; needles (6-2 g.), m. p. 
118—120° (Found: C, 74:8; H, 6-1. C,.H,,0, requires C, 75-0; H, 6-3%). 
The methyl ester was an oil, b. p. 195—198°/0-2 mm. 

4-Keto-1 : 2 : 1-trimethyl-1 : 2: 3: 4-tetrahydrophenanthrene (IV; R’ = Me, 
R” = H).—The above ester (8 g.) was treated with MgMelI (Mel, 6-3 g.; Mg, 
ll g.), the mixture decomposed with dil. H,SO,, and the ethereal layer ex- 
ttacted with Na,CO, aq. The crude pentenoic acid (III; R’ = Me, R” = H), 
obtained as an oil (6 g.), was reduced with Pand HI. The resultant semi-solid 
aid (4 g.) was converted in 70% yield into the cyclic ketone (IV; R’ = Me, 

4D 
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R” = H) by the action of H,SO,. The ketone was an oil, b. p. 195—198°/0-5 
mm., yielding a semicarbazone which separated from EtOH in stout prisms, 
m. p. 217—218° (decomp.) (Found: C, 73:1; H, 7-1. C,,H,,ON, requires C, 
73-2; H, 7-1%). 

1:2: 7-Trimethylphenanthrene.—The cyclic ketone was reduced by Clem. 
mensen’s method, and the product dehydrogenated with Se. 1: 2: 7-Tri- 
methylphenanthrene crystallised from EtOH in colourless plates, m. p. 120— 
121° (Found : C, 92-6; H, 7-2. C,H, requires C, 92-7; H, 7-3%), the picrate 
in orange needles, m. p. 148—149° (Found: N, 9-5. C,,;H,,0,N, requires N, 
93%), the styphnate in orange needles, m. p. 169—170° (Found: C, 59-1; H, 
4:1. C,,H,,0O,N, requires C, 59-4; H, 4:1%), the quinone in orange plates, 
m. p. 209—210° (Found: C, 81:3; H, 5:7. C,,H,,O, requires C, 81-6; H, 
5-6%), and the quinowraline from AcOH in cream-coloured needles, m. p. 184— 
185° (Found : N, 8-9. C,,H,,N, requires N, 8-7%). 

B-(6-Methyl-2-naphthoyl)isobutyric acid (II; R’ = H, R’” = Me) was pre- 
pared in 60% yield from 2-methylnaphthalene and methylsuccinic anhydride; 
colourless plates, m. p. 182—183°, from AcOH or MeOH (Found: equiv., 254, 
C,,¢H,,0, requires equiv., 256). The methyl ester, b. p. 230—240°/15 mm., 
crystallised from MeOH in needles, m. p. 88—89° (Found: C, 75:3; H, 6-8. 
C,,H,,0, requires C, 75-6; H, 6-7%). 

y-(6-Methyl-2-naphthyl)-a-methyl-A®-pentenoic acid (II1; R’ = H, R” = Me) 
obtained by the action of MgMeI on the above ester, crystallised from MeOH 
in needles, m. p. 150—151° (Found: C, 79-9; H, 7:3. C,,H,,O, requires C, 
80:3; H, 7-1%). 

4-Keto-1 : 3: 7-trimethyl-1 : 2:3: 4-tetrahydrophenanthrene (IV; R’ = H, 
R” = Me) was an oil, b. p. 190—195°/0-4 mm, (Found: C, 85-5; H, 7-6. 
C,,H,,0 requires C, 85-7; H, 7-5%). 

1:3: 7-T'rimethylphenanthrene crystallised from MeOH in colourless prisms, 
m. p. 68—69° (Found: C, 92-4; H, 7:2%), the picrate from EtOH in pale 
orange needles, m. p. 163—164° (Found: C, 61-5; H, 41. C,,H,,0,N; 
requires C, 61-5; H, 43%), the styphnate in yellow tufted needles, m. p. 160— 
161°, the guinone in slender orange needles, m. p. 174—175° (Found : C, 81-4; 
H, 5-7%), and the quinozaline from AcOH in slender cream needles, m. p. 201— 
202° (Found: N, 8-9%). 

B-(6 : 7-Dimethyl-2-naphthoyl)propionic acid, obtained in 70% yield from 
2 : 3-dimethylnaphthalene and succinic anhydride, crystallised from AcOH or 
MeOH in colourless plates, m. p. 179—180° (Found: equiv., 255. C,,H,,0; 
requires equiv., 256). The methyl ester, b. p. 235—240°/12 mm., separated 
from MeOH in needles, m. p. 95—96° (Found: C, 75-4; H, 6-5%). 

6 : 7-Dimethyl-2-naphthoic Acid.—(a) Pure 2 : 3-dimethylnaphthalene (20 g.) 
and conc. H,SO, (15 c.c.) were heated for 2 hrs. at 100°; the mixture was 
diluted with H,O and neutralised with NaOH aq., and the sparingly sol. 
sodium 6 : 7-dimethylnaphthalene-2-sulphonate crystallised from H,O (yield, 
32 g.). The Na salt (35 g., dried at 120°) and KCN (25 g.) were heated in 4 
metal retort, the sublimate was dissolved in CHC1,, washed with H,O and then 
with dil. NaOH aq., and dried, and the solvent removed. The residue (10 g.), 
consisting of a mixture of 2-cyano-6 : 7-dimethyInaphthalene and 2: 3-di- 
methylnaphthalene, was heated with AcOH (40 c.c.), conc. H,SO, (30 c.c.), and 
H,0(30 c.c.) for 12 hrs. The mixture was diluted and extracted with Et,O, and 
the acid removed in NaOH aq., recovered, and isolated with Et,O. (b) p-(6:7 
Dimethyl-2-naphthoyl)propionic acid (1 g.) and KOH (5 g.) were fused at 250° 
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for 20 mirs., the melt diluted and acidified, and the acid isolated with Et,0. 
6: 7-Dimethyl-2-naphthoic acid, obtained by either method (a) or (b), was 
crystallised from a little MeOH and then from C,H,-EtOH; colourless plates, 
m. p. 254—255° (Found: equiv., 198. ©,,H,,0, requires equiv., 200). The 
methyl ester, prepared from CH,N, and the acid in Et,0, crystallised from MeOH 
in rosettes of needles, m. p. 147—148° (Found: C, 78-1; H, 6-4. C,,H,,0, 
requires C, 78-5; H, 6-6%). 

y-(6 : 7-Dimethyl-2-naphthyl)-A®-pentenoic acid erystallised from MeOH in 
plates, m. p. 155—156° (Found: C, 79-9; H, 7:0%). 

4-Keto-1 : 6 : 7-trimethyl-1 : 2: 3 : 4-tetrahydrophenanthrene was an oil, 
b. p. 190—192°/0-4 mm., yielding a semicarbazone, which crystallised from 
EtOH in jagged prisms, m. p. 200—-202° (Found: N, 14-0. C,,H,,ON, 
requires N, 14-2%). 

1:6: 7-T'rimethylphenanthrene crystallised from EtOH in colourless plates, 
m. p. 123—124° (Found : C, 92-8; H, 7-3%), the picrate in orange needles, m. p. 
165—166° (Found: C, 61:2; H, 45%), the styphnate in feathery yellow 
needles, m. p. 111—112°, the quinone from AcOH in orange rhombic prisms, 
m. p. 221—222° (Found: C, 81:3; H, 5-7%), and the quinowxaline in buff- 
coloured needles, m. p. 189—190° (Found : N, 8-6%). 


Our thanks are due to Mr. C. R. 8. Tenniswood, M.Sc., for most of the 
analytical results. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 2nd, 1932.] 





318. The Doubly Conjugated System in a- and fp- 
Eleostearic Acids. 


By R. 8. Morrett and H. SamMvuE ts. 


BOESEKEN and Horvers (Rec. trav. chim., 1930, 49, 1165) showed 
that conjugated A®-linolic acid (m. p. 53°) and its ethyl ester com- 
bine normally with maleic anhydride to give, exclusively, sub- 
stances of m. p. 88° and 60° respectively. The action of the anhydride 
on «- and #-elzostearic acids has now been investigated. 

If these two acids are cis- and trans-modifications containing two 
conjugated double linkages (Béeseken, ibid., 1927, 46, 619), the 
structural formule as shown by atomic models indicate that the 
cié- or «-form and the trans- or $-form should yield (I) and (II) 
respectively. On oxidation, (II) should yield valeric acid and a 
six-membered ring acid, whereas from (I) azelaic acid and a different 
six-membered ring compound should be produced, 

Actually, «- and §-elzostearic acids each gave a crystalline maleic 
anhydride addition product, m. p. 62° and m. p. 77° respectively, 
oxidation of which with potassium permanganate in acetone solution 
produced azelaic acid and valeric acid, respectively, and a brown tar 
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(50% of the substance oxidised). On complete oxidation by acid 
permanganate, the tar from the 6-addition product gave a very small 


ieee) eduueienh wniouecinehiiat abil 


CO co) 
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CH,:[CH,],CH:CH-CH-CH:CH-CH-[CH,],CO,H 


CH —CH 
(11.) CO CO 
~O 

amount of azelaic acid, but no valeric acid, whereas the tar from the 
a-compound gave traces of valeric and azelaic acids. The formation 
of these products of oxidation of the tars can be explained by the 
complete disruption of the non-symmetrical six-ring acids and does 
not invalidate the main conclusions as to the difference in the oxid- 
ation of the «- and the 6-acid addition product with maleic anhydride. 
In both cases the amount of oxygen (13 atoms) required for complete 
oxidation was greatly in excess of the amount which would be re- 
quired for the formation of azelaic, valeric, and a six-ring acid (8 
atoms). Baeyer (Annalen, 1890, 253, 163) found that tetrahydro- 
phthalic acid was very easily broken down by potassium perman- 
ganate, and although Diels (Ber., 1929, 62, 2090) isolated butane- 
aBy8-tetracarboxylic anhydride by oxidation of tetrahydrophthalic 
anhydride with potassium permanganate at 0°, the addition product 
of 8-elzeostearic acid and maleic anhydride yielded under the same 
conditions valeric acid (25%), no azelaic acid, and a larger amount 
of tar, which indicated that the oxidation, when once started, pro- 
ceeds to destruction of the six-membered ring complex. 

Attempts were made to combine maleic anhydride with other 
unsaturated substances containing the conjugated systems present 
in the eleostearic acids and their glycerides. There appeared to be 
no reaction with coumarin, vinyl acetate, anthraquinone, acrylic acid 
and citraconic anhydride, but with benzoquinone (2 mols. anhydride 
to 1 mol. quinone) a violent reaction ensued, yielding a black syrup 
which contained no free quinone and was probably an oxidation 
product of the conjugated substance. 

Additional evidence as to the difference between the addition 
products of the 8- and the «-acid with maleic anhydride is shown in 
the behaviour of the addition products (syrups) of the corresponding 
glycerides with maleic anhydride. The power of association of the 
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g-glyceride addition product is most marked, whereas it is absent in 
the addition product of the «-glyceride. Consideration of the 
differences in associating power of the glycerides of doubly conjugated 
acids will be dealt with in a later communication. 


EXPERIMENTAL. 


General Method.—The reactants (1 mol. each) were heated to the m. p. in a 
stream of dry N or CO,. There was a rapid rise in temp. (about 15°) and 
the yellow colour initially developed disappeared. Farmer has suggested (Ann. 
Reports, 1930, 90) that this yellow colour corresponds with the attachment of 
the added substance to one end of the conjugated system, 

The anhydride residue of these addition products was very resistant to 
hydrolysis and a theo. value was not obtained even on prolonged treatment 
with N-alkali. This was also observed in the case of the product of combin- 
ation of maleic anhydride with hexatriene (Farmer and Warren, J., 1929, 
897). 

Addition of Maleic Anhydride to B-Elewostearic Acid.—The white cryst. 
product formed long colourless needles, m. p. 77°, from light petroleum (b. p. 
40—60°) [Found : C, 69-9, 70-1; H, 8-5, 8-5; M, in AcOH, 375; I val. (Wijs, 
24 hrs.), 124; sap. val. (7 hrs. with N-alkali), 420. C,,H;,0, requires C, 70-2; 
H, 85%; M, 376; I val., 135; sap. val., 447]. 

The product (10 g.) was oxidised with KMn0O, in boiling neutral Me,CO 
(Haworth, J., 1929, 1456), the pink colour being permanent after the addition 
of the equiv. of 13 O per mol. of product. The Me,CO was distilled off, the 
residue extracted with hot dil. NaOH (4 x 50 c.c.), and the extracts evapor- 
ated to 150 c.c. and acidified with dil. HCl. A dark brown tar was removed, 
and the aq. solution extracted with Et,0 and evaporated to dryness; from the 
residue, EtOH extracted a little H,C,O,. 

The Et,O solution was dried (MgSO,) and evaporated, and the residue steam- 
distilled until the distillate was no longer acid. The remaining aq. liquor was 
filtered hot ; on cooling, a cryst. solid (0-6 g.) was deposited, m. p. 91° after four 
recrystns. from C,H, (Found: C, 52-9; H, 7-5. C,,H,,O, requires C, 52-5; 
H, 75%). The amount was too small for identification. 

The steam-distillate was neutralised with NaOH, taken nearly to dryness, 
acidified, and shaken with Et,0, which extracted valeric acid (1-7 g.; 63% of 
calc. yield) (anilide, m. p. and mixed m. p. 60°. Found: C, 74°55; H, 
85. Calc. for C,,H,,ON: C, 74-6; H, 8-5%). 

The dark brown tar (5-2 g.) which separated on acidification of the alkali 
extract of the oxidation mixture was reoxidised with hot acid KMnO,aq. The 
product was worked up as before, but no tar separated on acidification of the 
alkali extract. The portion insol. in Et,O contained a little H,C,O,, and the 
Et,0-sol. portion contained no steam-volatile acid but yielded azelaic acid 
(1-2 g.), m. p. 107° (Found : C, 57-45; H, 8-55. Cale.: C, 57-4; H, 85%). 

Addition of Maleic Anhydride to a-Elwostearic Acid.—The product crystal- 
lised less readily than the corresponding f-substance, but formed similar 
crystals, m. p. 62-5°, from light petroleum (Found: C, 70:3; H, 87%; 
M, 370; sap. val. after 2 hrs. with N-alkali, 313). 

The method of oxidation and working up the products was the same as in 
the previous case and the same amount (13 atoms per mol.) of O was required 
to produce a permanent pink colour. The crude steam-volatile acid (0-08 g.) 








2254 HAWORTH, PORTER, AND WAINE: CRYSTALLINE 


was not identified. ‘The non-steam-volatile residue yielded azelaic acid (1-8 g.) 
(36% of calc. yield), m. p. 107° (Found: C, 57-5; H, 8-6%). 

A brown tar (5-6 g.) separated on acidification of the alkali extract of the 
oxidation mixture; reoxidised with hot acid KMnO, aq., it yielded valeric acid 
(0-3 g.) (anilide, m. p. 60°) and azelaic acid (0-11 g.), m. p. 107°. The non-ether 
soluble portion contained a trace of H,C,0,. 

Maleic anhydride reacted with methyl f-elwostearate to give a cryst. 
compound; needles, m. p. 61°, from petroleum (b. p. 40—60°) (Found: (, 
71-0; H, 9-0. C,,;H,,0, requires C, 70-8; H, 8-7%). 

These additions were also carried out in hot C,H, or C,H,, (1: 1): no rapid 
rise in temp. was observed and it was necessary to reflux the solution in order 
to discharge the yellow colour and complete the reaction. 


The authors thank Professor Haworth for his interest in this work and for 
the facilities which he has provided. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, July 9th, 1932.] 





319. Crystalline a-Methylglucofuranoside (y-Methyl- 
glucoside) and its Derivatives. 
By W. N. Haworts, C. R. Porter, and A. C. WAINE. 


In continuation of our work on the five-atom ring or y-forms of 
sugars, crystalline «-methylglucofuranoside (1) has now been isolated. 
This result has been attained by utilising the reaction of Haworth 
and Porter (J., 1929, 2796) wherein glucose condenses with carbonyl 
chloride and acetone to yield glucofuranose-acetone carbonate (III). 
This, in contact with methyl-alcoholic hydrogen chloride, gives rise 
to the crystalline «-methylglucofuranoside 5 : 6-carbonate (II). The 
subsequent changes are illustrated by the formuls : 


(0-9 ’ 0c/0'CHs HO-OH, 
OCHA. F OCHA. F ee 9 


Kou » Ke > a Ka 


H O-(Me, i oH H OH 
(III.) (II.) (I.) 


The corresponding $-methylglucofuranoside has also been obtained 
but has not yet crystallised. In the original preparation of the 
y-methylglucoside as a liquid (E. Fischer, Ber., 1914, 47, 1980) both 
of these components were present as a mixture and usually the 
product is also contaminated with small amounts of the correspond- 
ing pyranosides. The §-form of (II) was previously obtained as @ 
crystalline substance by Haworth and Porter, and the success of the 
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present work has followed on the separation of both forms, and also 
of their diacetates, as crystalline individuals. 

The structure of «-methylglucofuranoside is determined by its 
methylation to the 2:3:5:6-tetramethyl a-methylglucofuranoside, 
which is also crystalline at low temperature. This gave tetramethyl 
glucofuranose on hydrolysis, and the same sugar has also been 
obtained from 8-ethylglucofuranoside. Its oxidation to crystalline 
tetramethyl y-gluconolactone, and the formation of the crystalline 
phenylhydrazide of the corresponding acid, enabled us definitely to 
allocate the five-atom ring structure to this series of substances. 

It is important to observe the differing rates of hydrolysis of the 
glucofuranosides as compared with the corresponding pyranosides. 
The reaction velocities given in the experimental section may be 
compar2d with those of other glycosides which have been tabulated 
(Haworth, Ber., 1932, A, 4, 50). «-Methylglucofuranoside does not 
appear to undergo hydrolysis with either maltase or emulsin. 
«-Ethylglucofuranoside, -ethylglucofuranoside, and «-methy]l- 
mannofuranoside are devoid of action towards these enzyme pre- 
parations. Of equal interest is the fact that «-methylglucofuranoside 
is not acted on by invertase. 

With the experience gained in the isolation of homogeneous 
specimens of crystalline furanosides, opportunity has been taken to 
prepare in larger quantity those representatives of this group which 
we have described in earlier publications. These have been sub- 
mitted to many recrystallisations and the optical values determined 
in solutions of higher concentration than formerly. The modi- 
fications in the specific rotation values are very slight and are 
tabulated here along with those of the products now described 
for the first time : 


[a]p (in water). 


a-Methylmannofuranoside -+109° 
p-Ethylglucofuranoside — 86 


[a]p (in water). 


a-Methylglucofuranoside +118° 
a-Ethylglucofuranoside +101 


We are engaged upon the attempted isolation of the pure galacto- 
furanosides, since the earlier attempt (Haworth, Ruell, and West- 
garth, J., 1924, 125, 2468) by the use of Fischer’s methods led to the 
formation of a liquid mixture of galactofuranosides which we now 
regard as not entirely free from pyranosides. 

It is important to emphasise that the crystalline furanosides are 
reasonably stable to neutral aqueous permanganate, and therefore 
this supposed test for the presence of “ y-glycosides”” no longer 
holds. As formerly employed, this reagent merely oxidised away 
unsaturated impurities such as derivatives of furfuraldehyde, to 
which furanosides are prone to give rise. 
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ExPERIMENTAL 


a-Methylglucofuranoside 5 : 6-Monocarbonate.—The residues from the prep. 
of £-methylglucofuranoside 5 : 6-monocarbonate (m. p. 145°) (Haworth and 
Porter, loc. cit.) deposited crystals, m. p. 100—105°, [a], + 65° (in MeOH). 
Recrystn. from MeOH and AcOEt alternately gave colourless crystals, m. p. 
130°, [a] + 130° (c, 0-6 in MeOH) (Found: C, 43-6; H, 5-7; OMe, 13-2. 
Calc. for C,H,,0,: C, 43-6; H, 5-6; OMe, 141%). The substance was 
devoid of action with Fehling’s solution. On gentle warming with N/10-HCl 
it reduced Fehling’s solution actively. It reacted readily with Ba(OH), 
to give BaCO,, and its properties were in agreement with the constitution 
indicated at the head of this paragraph. An alternative method of prepn. is 
given below from the diacetate. 

2:3-Diacetyl a- and B-Methylglucofuranoside 5 : 6-Monocarbonate.—Re- 
petitions of the preceding expt. are not always successful unless specially dried 
MeOH is employed in the original conversion of glucose-acetone carbonate into 
the methylglucofuranoside monocarbonate. Occasionally a mixture (constant 
m. p. 106—107°) of a- and £-methylglucofuranoside 5 : 6-monocarbonates is 
obtained, [a], + 45°. On acetylation (Ac,O and pyridine at 60°, 2 hrs.) this 
gave very readily, after pouring into H,O, the £-form of the diacetyl com- 
pound, m. p. 164° (from Me,CO-MeOH), prisms 4—5 mm. long, [a]}*” — 41° 
(c, 1-5 in Me,CO). From the aq.-pyridine liquors of the original acetylation 
the a-compound was isolated, m. p. 110—111° (from Me,CO-MeOH), [a]}* 
+ 148° (c, 0-5 in Me,CO) [Found: (for a-form) C, 47:1; H, 5-6; OMe, 9-8: 
(for B-form) C, 47-1; H, 5-65; OMe, 9-9. Calc. for C,,H,,0,: C, 47-4; H, 
5-3; OMe, 10-2%]. 

a-Methylglucofuranoside.—Treatment at 60° of the above 2: 3-diacetyl 
a-methylglucofuranoside 5 : 6-monocarbonate with a slight excess of N/3- 
Ba(OH), eliminated both acetyl groups and the carbonate residue. The excess 
of Ba(OH), was removed by CO,, and the filtrate, evaporated under diminished 
press., gave a residue which, extractable with hot AcOEt, furnished cryst. 
a-methylglucofuranoside in almost theo. yield and free from syrup. From 
AcOEt the purified substance is obtained as rosettes of colourless needles, 
m. p. 62—63°, [a] + 136° (c, 0-95 in MeOH), [a]?” + 118° (c, 4-5 in H,0) 
(Found: C, 43-1; H, 7-3; OMe, 16-3. C,H,,0, requires C, 43-2; H, 7-2; 
OMe, 159%). Similarly a-methylglucofuranoside 5 : 6-monocarbonate in 
contact with a slight excess of Ba(OH), gave an immediate ppt. of BaC0, 
and after an hr. CO, was admitted. The filtrate, evaporated at 50°, gave by 
extraction with hot AcOEt a quantitative yield of a-methylglucofuranoside 
which crystallised completely. Its properties were identical with the above. 
It does not reduce Fehling’s solution, but after 4 min. at 20° in contact with 
N-HCI the substance reduces it actively. 

a-Methylglucofuranoside did not appear to suffer hydrolysis at 33° after 
16 hrs.’ contact of 1% aqueous solutions with zymin or emulsin, whilst in 
control expts. a-methylglucopyranoside was largely hydrolysed by the zymin 
and f-methylglucopyranoside by the emulsin preps. Hydrolysis. With 
N/100-HCl at 95—100°, a-methylglucofuranoside underwent hydrolysis and 
showed the polarimetric changes: [a]) + 104° (after 2 mins.), 95° (4 mins.), 
86-5° (6 mins.), 82-5° (8 mins.), 78° (11 mins.), 67° (15 mins.), 57° (21 mins.), 
51-5° (28 mins.), 50-5° (37 mins.). The figures when plotted give a smooth 
logarithmic curve; kpase 1 X 105 = 4500. The product is then ordinary glucose. 
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The rate of hydrolysis of a-methylglucofuranoside by 0-01 N-HCl at 55— 
60° was observed in a jacketed polarimeter tube and compared with that of 
a- and of £-ethylglucofuranoside : 


Kpbase 10 x 105, 
335 


a-Methylglucofuranoside 
a-Ethylglucofuranoside . 1000 
p-Ethylglucofuranoside . 524 


B-Methylglucofuranoside.—A highly pure specimen of 2 : 3-diacetyl B-methyl- 
glucofuranoside 5 ; 6-monocarbonate was submitted to the action of Ba(OH), 
as described in a preceding paragraph for the a-isomeride. This reagent gave 
rise to 8-methylglucofuranoside, isolated as a syrup which, although chemically 
pure, has not up to the present been crystallised. It showed approximately 
[aj?” — 77° (in H,0). 

2:3:5:6-Tetramethyl a-Methylglucofuranoside.—Methylation of a-methyl- 
glucofuranoside under the usual conditions gave the cryst. tetramethyl derivative, 
m. p. 11° (recryst. from light petroleum), b. p. 94°/0-04 mm., nip” 1-4457; 
[a]js- + 106-5° (c, 1-2 in MeOH), + 102° (c, 1-5 in CHCl), + 107° (c, 0-7 in 
H,O) (Found: C, 53-1; H, 9-0; OMe, 61-2. C,,H,,0, requires C, 52-8; 
H, 8-9; OMe, 62-1%). 

Heated with 0-5% methyl-alc. HCl, the substance attained an equilibrium 
rotation, [a]) — 33°, representing a mixture of a- and f-forms. 

Hydrolysis occurred at 95—100° with N/100-HCl. The polarimetric 
readings were [a] + 101-5° (after 2 mins.), 82-1° (7 mins.), 64-4° (12 mins.), 
38° (23 mins.), 22-8° (35 mins.), 2°5° (50 mins.), — 6-2° (70 mins.), — 12-9° 
(107 mins.). From more complete data the reaction velocity was calculated : 
hase 10 X 10° = 1600. 

2:3:5:6-Tetramethyl glucofuranose, isolated from the neutralised aq. 
solutions, had the same properties as those described in a later paragraph, 
and was oxidised by Br aq. to give cryst. tetramethyl y-gluconolactone. 

Methylation of B-Ethylglucofuranoside 5 : 6-Monocarbonate.—This compound 
(Haworth and Porter, loc. cit.) was methylated, in 50% Me,CO-H,0 solution, 
with Me,SO, and alkali under the usual conditions, and finally with Purdie’s 
reagents. The product, 2: 3: 5 : 6-tetramethyl B-ethylglucofuranoside, distilled 
at a bath temp. of 118—120°/0-1 mm. as a colourless liquid, np 1-4425; [a]} 
— 71° (c, 0-9 in H,O), — 69° (c, 1-1 in MeOH), — 76° (c, 0-9 in CHCI,) [Found : 
C, 546; H, 9-4; OR (calc. as OMe), 56-7. C,,H,,O, requires C, 54:5; H, 
%1; OR (calc. as OMe), 58-8%]. 

Its hydrolysis with 0-01N-HCl at 95—100° was complete after 140 mins. and 
the approximate velocity constant, kpase 1 X 10° = 1900, was calculated from 
the polarimetric readings. 

2:3:5:6-Tetramethyl glucofuranose was isolated (92% yield) from the 
above reaction as a colourless liquid distilling (bath temp.) at 130°/0-01 mm., 
ny 14564; [a]%” — 7-6° (c, 0-9 in H,O), — 21° (c, 0-8 in MeOH) (Found : C, 
50-8; H, 8-7; OMe, 51-1. C, oH, 0, requires C, 50-8; H, 8-5; OMe, 52-6%). 

Oxidation to tetramethy] y-gluconolactone was effected in the usual manner 
with Br and gave almost quantitatively the lactone, m. p. 26° (Drew, Good- 
year, and Haworth, J., 1927, 1237), which yielded the characteristic phenyl- 
hydrazide, m. p. 135°. 

a-Ethylglucofuranoside 5 : 6-Carbonate.—The mother-liquors from the prep. 
of 8-ethylglucofuranoside carbonate contained the corresponding a-form, and 
& syrupy material consisting probably of the dicarbonate of a disaccharide. 

4p2 
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The a-ethylglucofuranoside carbonate required considerable purification, as it 
was the more sol. form. 3-7 G. were fractionally crystallised from AcOEt or 
EtOH and 0-7 g. was obtained, m. p. 138—140°; [a]}j;, + 133°, [a], 
+ 120°, {a]}} + 117°(in EtOH, c = 1-1). In the last recrystn. a very small 
head fraction was separated, and this showed the same rotation as the main 
fraction. The a-glucoside carbonate separated from fairly conc. solutions in 
EtOH or AcOEt as felted masses, but could be obtained as hard prisms. On 
treatment with Ba(OH), it gave a-ethylglucofuranoside of correct m. p. and 
rotation (see below). 

In order to make certain that the ethylglucoside carbonates were a- and 
8-forms, each was treated with alc. HCl (N/20) on the boiling water-bath and 
the progress of the change was followed polarimetrically. Exactly the same 
final equilibrium rotation, [c]}*’ — 8°, was obtained from both forms, each of 
which was afterwards recovered (cryst.) from the equilibrium mixtures. 

2 : 3-Diacetyl a-Hthylglucofuranoside 5 : 6-Carbonate.—This has now been 
prepared in larger quantity (cf. Haworth and Porter, loc. cit.) and recrystallised 
successsively from aq. EtOH, abs. EtOH, and EtOH-Me,CO. The m. p. 
originally given (159—160°) was not altered, but the rotation was enhanced : 
[a]p + 1437 (c, 1-74 in Me,CO), [a]%,, + 149°, [a]}3;, + 163°. The substance 
was sparingly sol. in EtOH. Removal of the acetyl and carbonate groups 
under the conditions already described gave the cryst. a-ethylglucofuranoside, 
which was recrystallised seven times from different solvents and the following 
specific] rotations observed: [a]}*° + 101°, {aJ!%, + 107°, [a}i§, + 119° 
(c, 1-64in H,O); [a]}* + 123°, [a}8,, + 128°, fa}, + 142° (c, 1-95 in EtOH). 

8-Ethylglucofuranoside was prepared in larger quantity and repeatedly 
recrystallised from mixtures of four different solvents and the following values 
are given: [a]j’° — 86°, [a}}%;,, — 92°, [a}i§;, — 101° (c, 1-9 in H,O); [a] 
—96°, [a}}5,, — 100°, [a], — 110° (¢, 3-12 in EtOH). 


The authors are indebted to the Department of Scientific and 
Industrial Research for a grant. 


Universiry or BremineHam, Epepaston. [Received, July 14th, 1932.) 
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320. Surface-tension Determinations of Malonic 
Esters, and the Constitutive Nature of the Parachor. 


By A. B. Beck, A. K. Macsrrn, and 8. W. Pennycevick. 


Moumrorp and Pxtuirs have pointed out (J., 1929, 2112) that the 
parachor does not appear to be such a strictly additive property 
as is generally assumed; they accordingly suggested that Sugden’s 
atomic and structural parachors be replaced by a fresh series of 
constants, and, in addition, that due allowance be made for constitu- 
tive and strain effects. 

It seemed that if such constitutive effects were real, the malonic 
esters should show variations in parachor depending on the length 
and nature of the ester chain; further, the substituted alkyl esters 
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should show additional strain effects depending on the number and 
the nature of the substituted groups. In order to investigate these 
points and to see if any quantitative relationships existed, the present 
work was undertaken. 

Previous work (Macbeth, J., 1922, 121, 1116) has shown that the 
chemical properties of the halogen atom in malonic ester derivatives 
differ markedly from those of similar atoms in alky] halides, and it 
was hoped to measure the parachors of some 20 halogen malonic 
esters to determine the effect (if any) of the induced positive charge. 
Up to the present, however, it has not been possible to obtain the 
degree of purity necessary to give strictly reproducible values of the 
surface tension with these compounds, and the results are awaiting 


further confirmation. 
EXPERIMENTAL. 

The prep. of the esters used will be described elsewhere: they were all 
liquids. The surface parca was measured by the max. bubble-pressure 
method of Sugden (J., 1922, 121, 858; 1924, 125, 27). The experiments were 
carried out at 30° in a Paz fronted water-bath in which the cell and the mano- 
meter were immersed. The cells were of the type described by Sugden. The 
manometer fluid was EtOH tinted with magenta. 

The rate of bubbling is important. As a bubble forms, the press. diff. 
increases to a max. and then decreases, at first slowly and finally rapidly as the 
bubble is detached. These stages can be followed easily with the wider tube, 
the max. being readily observed. A rate of about one bubble every 4 secs. 
proved most satisfactory : if the bubbles are formed more rapidly the correct 
max. is not definite. With the capillary tube, the pressure variation is not so 
easily followed. Sugden reeommends a rate of one bubble per sec., but at this 
rate the manometer appeared to jump over the max. pressure. Mills and 
Robinson (J., 1931, 1629), using very fine capillaries, found that better results 
were obtained by first drawing a rapid stream of bubbles through the tube; 
in this work, however, capillaries were regarded as dirty if this procedure was 
necessary to make them work properly. 

With liquids such as Hg it is essential that the surface tension be measured 
in an atmosphere free from aq. vapour: in similar work on ordinary liquids 
this precaution does not appear to have received attention, but since no 
appreciable differences were observed when precautions were taken to dry the 
incoming air in our experiments, it may be concluded that with these liquids 
the moisture drawn in with the air does not affect the measurement of the 
surface tension. 

Porter (Phil. Mag., 1930, 9, 1065) has shown that the max. bubble-pressure 
method may be affected by the contact angle when the bubble breaks from the 
inside of the tube. Although we made no definite measurements, we found that, 
with the malonic esters at least, the contact angle appears to be zero. 

Degree of Accuracy.—Sugden gives the accuracy of this method as 0-5%. 
With the compounds studied here the results are concordant to 0:25%, digbepe 
for a few compounds of higher viscosity where the accuracy fell to 0-33%. 
The densities, measured in pyknometers of different capacities, were reprodu- 
tible to at least one part in 1200 parts. Allowing for these variations in the 
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calculation of the parachor, we consider that, as a conservative estimate, the 
values given below are correct to 0-2%. 

The accuracy is also affected by the purity of the compounds. Every care 
was taken by repeated distillation and by the use of fresh samples to ensure 
purity. The simple esters gave no trouble, but with one or two of the sub. 
stituted esters the trace of impurity may decrease the accuracy given above. 

Calculations.—The surface tension and parachor were calculated in the 
usual way. Fractionally distilled C,H, was taken as the standard liquid, the 
consts. used being y = 27-58 dynes/cm. and D}*’ = 0-868. The cell constant 
was repeatedly checked during the investigation; if any anomalies arose, the 
cell and the corresponding set of results were rejected. 

The factor for converting the press. (in cm. of EtOH) into dynes is 766-5. 

For the calc. of the corresponding theoretical parachors, the constants both 
of Sugden (“ Parachor and Valency,” p. 38) and of Mumford and Phillips 
(loc. cit.) were utilised for the sake of comparison. The latter involve certain 
constitutive correction factors, and of these — 3 units for each C—O group, 
and — 3 units for each branching chain (as, e.g., in each of the iso-esters) have 
been incorporated into the cales. No correction is introduced in any of our 
tables for the attachment of the two -CO,R groups to the central C atom; this 
is discussed later (p. 2261). 

Cell constants. 
Cell. Press., cm. Radius of wide tube. A. 
A 5-395 0-1845 0-006501 


B 5-934 0-1845 0-005923 
Cc 5-669 0-1765 0-006200 


TABLE I. 

Unsubstituted malonic esters, CH,(CO,R),. 

[P], caic.* 

ane Press. [ —=—_— 

30 ’ 

Dy . (cm). ». ay (1). =). 
1/1447 7-724 35-9 282-5 280-8 281-2 
1:0445 5-966 30-56 360-4 358-8 361-2 
0-9980 5-702 29-22 438-2 436-8 441-2 
0-9807 55621 26°97 437-1 436-8 435-2 
0-9735 5-583 28-61 513-8 6148 521-2 
0-9632 5-265 27:02 6118 65148 6515-2 
0-9505 5-307 27-21 586-9 592-8 595-2 
0-9121 5-488 28-08 828-7 826-8 835-2 
1-0570 7-018 3583 6205 6146 621-2 
1-0263 6-609 33-77 6956 6926 7012 +30 —56 


1-0167 
10154 A 6-277 3210 694-4 6926 7012 +18 —68 
* (1) From Sugden’s constants; (2) from Mumford and Phillips’s constants. 

The papers of Morgan and Chazal (J. Amer. Chem. Soc., 1913, 
35, 1821) and of Morgan and Kramer (ibid., p. 1834) contain data 
for the surface tension of the malonates. These figures have been 
recalculated by the method of Harkins and Brown (ibid., 1919, 414, 
499) (see also “‘ Parachor and Valency,”’ p. 13). The parachor values 
so obtained are 281-8 for the Me ester (compare 282-5 in Table J), 
361-9 for the Et ester (compare 360-4), and 583-6 for the /-amy] ester 
(compare 586-9 for the isoamy] ester). 

In the last two cols. of Table I the differences between the obs. 
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and the calc. parachors are given, (1) the Sugden and (2) the Mumford 
and Phillips consts. respectively being used. Although the average 
difference of the values calc. from Sugden’s constants is less than 
with Mumford and Phillips’s figures, the fact that the former vari- 
ations are of an irregular nature precludes the introduction of a 
regular constitutive correction factor. The Mumford and Phillips 
differences, on the other hand, although somewhat greater, show a 
deviation in one direction, indicating a common depressive constitu- 
tive effect. In the unsubstituted malonic esters, in general, the 
depression increases with the length of the alkyl chain, and in 
conformity, those compounds whose chains are of comparable length, 
such as the n-propyl] and isobutyl, or the n-butyl and the isoamyl, show 
approximately the same depression. The effect appears to reach a 
limiting value with the n-butyl group, for the obs. result (— 7 units) is 
also obtained approximately in the case of the tsoamy] and octylesters. 
Mumford and Phillips (loc. cit.) state that “‘the attachment of 
two or more halogen or other negative groups to the same carbon 
atom is also attended by a well-defined decrease in parachor. The 
contraction is variable depending on the size and polarity of the 
atoms and groups concerned, but on the average, —CHX, groups 
(X = Cl, CN, CO,R, OR, etc.) have a parachor three units less, 
—CX, groups six units less, than those calculated additively.” 
No allowance for such a correction has been made by us in the calc. 
of the Mumford and Phillips parachors set out in Table I: and it 
would therefore appear that the depressions recorded are simply 
particular cases of this general rule. With the cyclohexyl malonates 
the depression is zero for the simplest member, but has a common 
value (— 6 to — 7) for the three methyl derivatives : it would thus 
appear that the effect of side-chain attachment to each polymethylene 
ring introduces a constitutive strain effect of the same order as that 
observed in the case of the branching of openchains. In other cases, 
the ‘‘ variable ” nature of the contraction is very pronounced, being 
approximately zero for the methyl and ethyl esters and increasing 
with the length of the alkyl chain up to a limiting value; the change 
may be ascribed to particular packings of the carbalkoxy-groups. 
With certain other dibasic acids there is a similar and even 
greater lowering of the parachors of the esters. From the surface- 
tension figures of Morgan and co-workers (locc. cit.), and with the 
corrections already indicated, the parachors of the four compounds 


shown below have been calculated : 
[P] obs. — [P] cale. 


Compound. [P]. Sugden. M. & P. 
Ethyl] phthalate 490-0 — 27 — 41 
Amy] phthalate 702-7 — 24-0 — 25-4 
Amy] succinate 622-3 — 965 — 11-6 
Amy! malate 629-9 — 21-9 — 19-9 
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They all show depressions, some of which are distinctly abnormal; but 
@ repetition of the measurements is desirable before discussing them. 


TaB_eE II. 
Substituted malonic esters. 

[P] calc. [P] obs. — [P] cale. 

Malonate. [P], obs. Sugden. M.& P. Sugden. M. & 

Methyl] methyl- 321-0 319-8 321-2 
Methy! dimethy]l- 354-0 358-8 361-2 
Methy] ethyl- . 358-8 361-2 
Methyl n-propy!- . 397-8 401-2 
Methyl tsopropy!- 390- 397°8 398-2 
Methyl n-buty]l- ° 436-8 441-2 
Methy!] isoamy1- . 475-8 478-2 
Ethyl ethyl- : 436-8 441-2 
Ethyl diethyl- ° 514-8 521-2 
Ethyl ethylisoamyl- ° 631-8 638-2 

The results obtained with the substituted esters (Table II) show 
clearly that the constitutive effect, particularly in the case of the 
disubstituted compounds, cannot be neglected. Discussion of the 
values will be limited to the differences shown in the last column 
of the table. The monosubstituted esters (with the exception of 
the first and third) still show some variation from the theoretical 
even after corrections of — 3 units have been made for chain branching 
at the central carbon in the alkyl group and for the gem-dicarbalkoxy- 
groups. The work of Ingold and Thorpe (J., 1921, 119, 306, e¢ seq.) 
on the deviation of the angle between the valencies in carbon com- 
pounds may be considered in connexion with the deviations observed 
in the parachors of the substituted malonic esters : the substitution 
of a hydrogen atom of the methylene group would cause a decrease 
in the angle between the carbalkoxy-groups, and a correction factor 
which was unnecessary in the case of a simple ester becomes apparent 
on substitution. The effect is, as expected, much more pronounced 
in the case of the disubstituted esters. 

Gane and Ingold (J., 1931, 2166), from conductivity determin- 
ations, have deduced the distance between the two carboxyl groups 
in a series of substituted malonic acids. The decrease in distance 
between the two groups is evidently connected with the decrease in the 
parachor of the esters, but nothing more than a general statement is 
possible on account of the rather uncertain effect of the ester radical. 

Sulphonal and trional, which present somewhat similar structural 
features, CRR(SO,Et),, both show a parachor much below the calcul- 
ated value (Freiman and Sugden, J., 1928, 266); and the introduc- 
tion of the common correction factors (Mumford and Phillips, Joc. cit.) 
does not remove the discrepancy in the results. 
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321. A New Method for the Synthesis of Depsides. 
By T. Currrg and Atrrep RUSSELL. 


THE method consists in condensing an acid chloride with the sodium 
salt of a hydroxy-aldehyde and oxidising the resulting aldehyde 
with permanganate in methyl-alcoholic solution. It has several 
advantages over Fischer’s method (condensation of the acid chloride 
directly with the disodium salt of the hydroxy-acid) : the yields are 
very good and there is no complication introduced by the simul- 
taneous formation of depside and acid anhydride, separation of these 
being tedious and difficult owing to the low solubility of the feebly 
acidic depside in bicarbonate solution. The process seems to be of 
general application and it is hoped to extend it to the synthesis of 
polydepsides. 

Didepsides derived from veratroyl chloride or anisoy] chloride 
and various hydroxy-aldehydes are now described. The positions 
of substituents in the ring carrying the carboxyl group are indicated 
by the numbers I, 2, 3, etc., and those in the other ring by 1’, 2’, 3’, 
etc.; p-diprotocatechuic acid trimethyl ether, for instance, is designated 

rer ee 


3:3’: 4’-trimethoxy-p-dibenzoic acid, MeO” | £00: Oh <i “Yeo 2H. 


In each case the constitution of the depside is , fixed by the ae of 
synthesis and confirmed by analysis. The free components of the 
depside—veratric acid, anisic acid, p-hydroxybenzoic ‘acid, etc.— 
were shown not to be present by the absence of the characteristic 
colour tests for the phenolic acids with ferric chloride solution. 

Condensation of the acid chloride with the sodium hydroxy- 
aldehyde usually proceeded quickly and was complete after two 
hours’ shaking at room temperature. The depside aldehyde was 
always isolated from alkaline solution and was therefore free from 
acid, acid chloride, or hydroxy-aldehyde. The aldehydes crystallised 
readily from either dilute alcohol or dilute acetone and the yields 
were upwards of 70°%, of the theoretical. 

Oxidation of the aldehydes was straightforward and the depsides 
were readily isolated. The crude 3’: 4’-dimethoxy-p-dibenzoic, 
4’.methoxy-p-dibenzoic, and 4’-methoxy-m-dibenzoic acids were 
gelatinous. Recrystallisation was effected in all cases by dilute 
acetone or dilute alcohol. The yields, after purification, were 


upwards of 70%. 


p-Diprotocatechualdehyde Trimethyl Ether (3 : 3’ : 4’-T'rimethoxy-p-dibenzalde- 
hyde).—Solutions of vanillin (1-52 g.; 1 mol.) in Me,CO (15 c,c.) and N-NaOH 
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(1 mol.) and of veratroy! chloride (2-1 g.; slight excess of 1 mol.) in Me,CO 
(15 c.c.) were mixed, kept alkaline, and shaken for 2 hrs. After dilution with 
H,0O (6 vols.) and 12 hrs.’ standing in the cold, the ppt. was collected, washed, 
and recrystallised from dil. EtOH; stout colourless needles, m. p. 124° 
(yield, 90%) [Found: C, 64-0; H, 5-1; OMe, 28-6. C,,H,O,(OMe),; requires 
C, 64:6; H, 5-1; OMe, 29-4%]. 

p-Diprotocatechuic Acid Trimethyl Ether (3: 3’ : 4’-Trimethoxy-p-dibenzoic 
Acid).—To a boiling solution of p-diprotocatechualdehyde trimethyl ether 
(6 g.) in MeOH (100 c.c.), sat. KMnO, aq. (100 c.c.) was added drop by drop, 
the action being allowed to complete itself between each addition. The 
liquid was filtered hot, cooled, diluted with H,O (5 vols.), and acidified with a 
few drops of AcOH. The cryst. ppt. was collected after 1 hr., washed, and 
recrystallised from dil. Me,CO; colourless plates or prisms, m. p. 216—218° to 
a dark liquid (yield, 90%), slowly sol. in alkali bicarbonates but readily in dil. 
caustic soda (Found: C, 61-3; H, 4-9; OMe, 28-4. C,,H,O,(OMe), requires 
C, 61-5; H, 4-8; OMe, 28-0%]. 

p-Diprotocatechuyl Chloride Trimethyl Ether (3: 3’ : 4’-Trimethoxy-p-di- 
benzoyl Chloride).—p-Diprotocatechuic acid trimethyl ether (6 g.; 1 mol.) and 
thionyl chloride (5 g.; slight excess of 2 mols.) were heated under reflux for 
2—3 hrs., the excess of the latter removed under reduced press., and the 
residue crystallised from Me,CO-ligroin; stout yellowish needles, m. p. 129° 
(yield, 83%) [Found: Cl, 10-4; OMe, 25-9. C,,H,O,Cl(OMe), requires 
Cl, 10-1; OMe, 26-6%]. 

The following aldehydes and acids were prepared by the methods described 
above. 

3’ : 4’-Dimethowy-o-dibenzaldehyde (from salicylaldehyde and _ veratroyl 
chloride), m. p. 102° (yield, 90%) [Found: C, 66-3; H, 5-0; OMe, 21-2. 
C,,H,O,(OMe), requires C, 67:1; H, 4-9; OMe, 21-7%]. 3’ : 4’-Dimethoay- 
o-dibenzoic acid, fine needles, m. p. 152° (yield, 80%) [Found: C, 63-5; 
H, 47; OMe, 20:1. C,,H,O,(OMe), requires C, 63-6; H, 4:64; OMe, 
20°5%). 

3’ : 4’-Dimethoxy-m-dibenzaldehyde, needles, m. p. 120° (yield, 95%) (Found : 
C, 66-2; H, 5-0; OMe, 21-6%). 3’: 4’-Dimethoxy-m-dibenzoic acid, plates, 
m. p. 167° (yield, 95%) (Found: C, 62-5; H, 4-7; OMe, 19-8%). 

3’ : 4’-Dimethoxy-p-dibenzaldehyde, needles, m. p. 109° (yield, 85%) (Found: 
C, 67-0; H, 5-0; OMe, 21:2%). 3’: 4’-Dimethoxy-p-dibenzoic acid, hair-like 
needles, m. p. 211—212° (yield, 70%) (Found: C, 62-8; H, 4:6; OMe, 
19-9%). 

4’-Methoxy-o-dibenzaldehyde, prisms, m. p. 85° (yield, 90%) [Found: C, 
69-0; H, 4-7; OMe, 12-0. C©,,H,O,(OMe) requires C, 70-4; H, 4:7; OMe, 
12:1%]. 4’-Methory-o-dibenzoic acid, stout needles, m. p. 132° (yield, 70%) 
[Found: C, 65-2; H, 4:5; OMe, 11-1. C,,H,O,(OMe) requires C, 66-2; H, 
4:4; OMe, 11-4%]. 

4’-Methory-m-dibenzaldehyde, needles, m. p. 102° (probably somewhat low) 
(yield, 68%) (Found: C, 69-8; H, 4-8; OMe, 11-9%). 4’-Methoxy-m-di- 
benzoic acid, hair-like needles, m. p. 196° (yield, 80%) (Found: C, 66-1; H, 
4-45; OMe, 11-8%). 

4’-Methoxy-p-dibenzaldehyde, prisms, m. p. 113° (yield, 70%) (Found: C, 
69-7; H, 4:7; OMe, 11-6%). 4’-Methoxy-p-dibenzoic acid, hair-like needles, 
m. p. 212° (yield, 70%) (Found : C, 65-5; H, 4-4; OMe, 11-0%). 

3 : 4’-Dimethoxy-p-dibenzaldehyde, small prisms, m. p. 136° (yield, 85%) 
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(Found: C, 66-8; H, 5-0; OMe, 220%). 3: 4'-Dimethoxy-p-dibenzoic acid, 
plates, m. p. 171° (yield, 80%) (Found: C, 63-2; H, 4:8; OMe, 21-0%). 


One of us (A. R.) is grateful to the Carnegie Trust for a Teaching 
Fellowship. 


THe UNIvVeRsiIry, GLascow. [Received, June 15th, 1932.] 





322. Physicochemical Studies of Complex Acids. 
Part VIII. Niobic Acid. 


By H. T. S. Brrrron and Rosprert A. RosBinson. 


NioBIuM pentoxide, although usually considered to be an acidic 
oxide, is insoluble in water and only dissolves in alkalis in the fused 
state. From aqueous solutions of the fused niobates it is readily 
precipitated by mineral acids. The existing knowledge of these 
alkali niobate solutions is very meagre, and they have therefore been 
subjected to potentiometric and conductometric investigation. 


EXPERIMENTAL. 


The alkali niobate solutions were prep. from crystals of potassium niobate 
which were obtained by fusing pure Nb,O, with about 3 times its wt. of 
KOH in a Ag crucible, extracting the melt with hot water, and allowing it to 
erystallise. In one instance, the white cryst. salt was the hexaniobate, 
K,Nb,O,,,16H,O (Found: Nb,O,;, 54:57%. Cale.: 54-64%), previously 
isolated by Balke and Smith (J. Amer. Chem. Soc., 1908, 30, 1650), but as a 
rule niobates were obtained with a somewhat higher proportion of alkali than 
that corresponding to the 4: 3 ratio required by the hexaniobate. The excess 
alkali was undoubtedly a contamination, due to insufficient washing of the 
erystals. Since no other impurity could be introduced thereby, this was no 
disadvantage. Thus, three different prepns. contained Nb,O,;:K,0 = 3: 
4-21, 4-10, and 4:16. Several electrometric titrations were carried out with 
solutions made from these prepns. As the results obtained during com- 
parable stages of the titrations were identical, the behaviour of only one 
solution on reaction with (a) KOH and (b) HCl is described. 

Solutions of alkali niobates differ from those of the corresponding vanadates 
in that boiling has no ascertainable effect on niobate solutions undergoing 
titration with either acid or alkali. 

For the direct titrations, 100 c.c. cf a solution 0-0141M with respect to K 
and 0-01005M with respect to Nb, prep. from crystals of the 4-209: 3 salt, 
were used. At 18° the py of this solution was 11-59, and on the progressive 
addition of 0-1N-KOH increases in the pg and the specific conductivity were 
obs, in agreement with those calc. for free alkali, showing that the niobate does 
not react to form ‘“ pyroniobates,”’ 2K,0,Nb,0,, or ‘“‘ orthoniobates,” 
3K,0,Nb,0,. 

The titration of this solution with 0-2N-HCl gave conductometric data 
at 25° and potentiometric data at 18°, some of which are recorded in cols. 
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1—4 of Table I, and the curves plotted therefrom are shown in Fig. 1. In the 
table, x, and «x, represent respectively the contributions of the salt 
#«K,0,Nb,0, and the niobate anion to the conductivity. The py data were 
obtained by means of the H electrode which functioned satisfactorily except 
in the vicinity of the point at which Nb,O, was completely pptd. A parallel 


quinhydrone titration was used to determine the p, curve in this region. 
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The addition of the smallest amount of acid produced a faint turbidity which 
became a ppt. when about half the amount of acid required completely to ppt. 
the Nb,O, had been added. Until then, however, the ppt. remained in equil. 
with a turbid colloidal suspension which could not be destroyed by boiling or 
ageing. Complete flocculation of the hydrated Nb,O, occurred almost 
immediately after adding the stoicheiometrical amount of acid. Once the 
Nb,O, had been pptd. it could not be redissolved in alkali, though H electrode 
titrations of such ppts. with alkali showed that some of the alkali was absorbed, 
apparently as the result of chemical combination. The curves so obtained are 
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Taste I. 


Conductometric and potentiometric titrations of 100 c.c. of a solution 
0-00705M-K,0 and 0-00503M-Nb,O, with 0-2N-HC1. 


_K,O Hydro- 
C.c. Nb,O," «xX 108, pu- «,X10%. eg X 10%. ~— lysis, %. 
0 1-40 1-961 11-59 1-178 4-54 20°4 
1-0 1-20 1-761 11-32 1-065 3°88 13-4 
2-0 1-00 1-580 10-80 0-939 3-09 3 
2-5 0-90 1-501 10°31 0-797 2-13 1-7 
30 0-80 1-484 9-83 0-650 1-54 0-5 
3-5 0-69 1-514 9-12 0-577 1-28 0-1 
4-0 0-59 1-550 8-11 0-488 1-05 “= 
5-0 0-39 1-620 6-60 0-307 0-57 —_ 
6-0 0-20 1-685 5-81 0-123 0-03 — 
6-5 0-09 1-731 5-39 0-047 0-00 oo 
Excess acid. 
IES 9am ow i6 0 7-25 7-5 8-0 10-0 15-0 
oe | leas es 1-966 2-122 2-469 3-806 7-166 
ee {0R8.) 5.0. 6 s250% 3°30 3-06 2-79 2°31 1-84 
re 3°41 3°07 2-75 2-27 1:85 


not reproducible on account of the heterogeneous nature of the reaction, but 
the typical back-titration curve given as a broken line at the top of Fig. 1 
illustrates the extent of the reaction that occurs with freshly pptd. Nb,O,. 
The last col. of Table I gives the % amounts of KOH produced by hydrolysis 
from the potassium niobate in solution at different titres; these were calc. 
from the p, data. The line marked xxq in Fig. 1 gives the specific con- 
ductivities due to the KCl formed during the titration. By subtracting the 
contribution made by the KCl from the obs. specific conductivities at different 
titres, the specific conductivity of the potassium niobate can be computed, 
These values are given in col, 5 of Table I and are also shown in Fig, 1 by means 
of a heavy line marked xzK,0,nb,0,° 

The analysis of the conductometric curve can be carried a stage further. 
The last-mentioned curve is the component of the conductivities of K" kations, 
niobate anions, and KOH formed by hydrolysis. The conductivity due to 
the last can be calc. and subtracted from that of the niobate, giving the curve 
in Fig. 1 marked xzx,0,np,0,-KKOHthydr.» Further, deducting from this 
curve the conductivity due to the K" ions derived from the niobate, eonduc- 
tivities are obtained (shown by the bottom curve of Fig. 1 and in col, 6 
of Table I) of the soluble niobate anions at different titres. 

Finally, the last part of Table I gives the obs. specific conductivities and py 
values of the solution to which an excess of HCl] had been added beyond that 
required to ppt. the Nb,O,. 

| Discussion. 

The reactants and products of the above titration are represented 


by the equation : 
421K,0,3Nb,0, + 8-42HCl —> 3Nb,0, + 8-42KCl + 4-21H,0, 
the reaction being complete at 6°93 c.c. The reaction of 


421K,0,3Nb,0, with alkali affords no evidence of the formation of 
salts corresponding to the “ pyro-” or “ ortho-niobate.” 
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Fig. 1 shows that at the end-point of the above reaction (6-93 c.c.) 
the conductivity of the solution is accounted for entirely by the KC] 
formed, in accordance with the fact that the Nb,O, is then quant. 
pptd. Beyond this titre a very rapid increase occurs in the specific 
conductivity, almost identical with that produced by free HCl, as is 
shown by the calculated slope on the right of Fig. 1 (displaced some- 
what to the right for the sake of clearness). Further, knowing that 
the conductivity of the solution is due to a fixed amount of KCl and 
an increasing amount of HCl, the concentration of the latter can be 
found from the conductometric data. Such calculations are in good 
agreement with one another and show that beyond 7-04 c.c. the 
added acid remains free. Moreover, pq values, calculated on this 
basis and recorded at the end of Table I, agree with the observed. 
The extra 0-11 c.c. of acid is probably adsorbed by the precipitate. 

The precipitation of the pentoxide from the 4-21 : 3 salt proceeds 
in two stages. In the first stage, occupying the first 2-5 c.c. of the 
titration, the hydroxyl-ion concentration fell from 0-0029M to 
0-00015M, the contribution of the hydroxyl ion to the total con- 
ductivity decreasing from 0-783 to 0-031 x 10° mho, and the 
conductivity of the niobate ion from 0-454 to 0-213 x 10° mho. 
Also, during the first 2-0 c.c. the hydroxyl-ion concentration is exactly 
proportional to the titre. In this respect, the system differs from 
the neutralisation of a very weak acid, e.g., phosphoric acid in its 
third stage of dissociation, and a mass-action equilibrium of the 
usual form is obviously inapplicable. This neutralisation of free 
alkali accords with the initially rapid diminution in conductivity, 
which is compared with the calculated change in conductivity for 
the removal of an equivalent amount of potassium hydroxide, 
shown by the line on the left of Fig. 1. The slopes of the two lines 
are very nearly but not quite identical. 

Hauser and Lewite (Z. angew. Chem., 1912, 25, 100) showed that 
alkali niobate solutions can be dialysed through parchment mem- 
branes, yielding a stable niobium pentoxide sol that is practically 
free from alkali. It is probable then that the niobate solution 
contains potassium ions, colloidal niobate anions, and free alkali. The 
first addition of acid results in the uniform neutralisation of the alkali, 
only a small fraction of the acid being used in precipitating the 
pentoxide. At first, little change occurs in the conductivity of the 
niobate anion, but then a very rapid diminution occurs to 0-154 x 
10 mho at 3-0 c.c., after which the conductivity decreases slowly 
but regularly during the remainder of the titration. Since, at first, 
little diminution occurs in the concentration of niobium, the first 
decrease in the anionic conductivity must be attributed to some 
aggregation, probably the first stage towards precipitation, caused by 





STUDIES OF COMPLEX ACIDS. PART VIII. 2269 


the withdrawal of the stabilising hydroxyl ions. Finally, at about 
3-0 c.c. the hydroxyl-ion concentration becomes too low to retain the 
sol in solution, and thereafter precipitation occurs uniformly. 

It was impossible to estimate the amount of pentoxide precipitated 
at different titres, for much of the precipitate remained in colloidal 
suspension and could not be filtered off, but approximate nephelo- 
metric estimates were made by comparison with suspensions of 
known niobium pentoxide concentrations. The following results 
were obtained : 

2 3 4 5 6 7 
%Nb,O, pptd. .... : ae oo an 100 
K,0/Nb,0, in soln. 1:05 0-94 0-90 088 0-82 — 
34 19 16 13 14 — 
These figures give an approximate estimate of the amount of niobium 
pentoxide in solution at different titres; since the concentration of 
that part of the potassium which is not present as either the chloride 
or the hydroxide is calculable, it is possible to find the ratio K,0/ 
Nb,O, of the soluble salt at various stages, given in the third line. 
Although these calculations must necessarily be very rough, they 
indicate that the composition of the soluble salt did not differ much 
from that of the 1:1 salt. This appears to be the salt present 
during the first 2-0 c.c., after which it undergoes decomposition : 


K,0,Nb,0, + 2HCl —> 2KCl + H,O + Nb,0,, 


precipitation not being abundant until another c.c. of acid is added, 
causing sufficient diminution in the py, and aggregation of the niobate 
sol to initiate precipitation. This aggregation is illustrated by the 
last line of the table giving the molecular conductivities of the anion 
(per mol. of Nb,O;). 

Between 3-0 and 6-5 c.c., the potassium niobate conductivity curve 
is rectilinear, becoming zero if continued to 6-7 c.c. At 6:5 c.c., 
however, the curve becomes slightly concave, reaching zero at 6-93 
cc. This probably means that the precipitated pentoxide is mixed 
with some adsorbed alkali, giving a composition of 0-05K,0,Nb,0, 
for the precipitate, the alkali being removed by the last 0-4 c.c. of 
the titration. 

There is no evidence for the existence of any ion in the solution 
corresponding to the 4 : 3 salt which is the stable solid niobate. 

Pierce and Yntema (J. Physical Chem., 1930, 34, 1822) have 
recently titrated a potassium niobate (K,Nb,0,,) solution with 
hydrochloric acid in the presence of the hydrogen electrode. Their 
curve is similar to that in Fig. 1 in that the inflexion occurred when 
the 2:3 potassium niobate had been formed. Their p, values 
corresponding to the first section were somewhat irregular and lay 
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between 10-4 and 8-0, whereas those now obtained are appreciably 
higher and have, moreover, been found to be in accord with the 
conductivity data. The two curves, however, are in agreement in 
the second section, during which precipitation of niobium pentoxide 
occurs. 


The authors thank the Chemical Society and the Department of 
Scientific and Industrial Research for grants. 


University Cotitecre, ExetTer. (Received, June 29th, 1932.] 





323. Polysaccharides. Part X. Molecular Structure 
of Cellulose. 


By W. N. Haworts and Hans MAcHEMER. 


Many problems connected with the structure of cellulose may now 
be regarded as having attained solution. It is generally recognised 
that the mode of linking of pairs of glucose units in the poly- 
saccharide corresponds with that obtaining in cellobiose, and this 
biose is held to be a preformed breakdown product of cellulose. 
No other authentic biose is derivable as a hydrolysis product. In 
the accompanying paper (Haworth, Hirst, and Ant-Wuorinen; in 
the press) it is demonstrated that the supposed celloisobiose does 
not exist and that it may be dismissed from the literature. The 
conception that cellulose is constituted on the basis of the “‘ associ- 
ation ” of small structural units of C,, C,., C1, or C4, a view held 
by one school (Hess and Trogus, Ber., 1928, 61, 1982; Pringsheim, 
Ber., 1926, 59, 3008; Irvine and Robertson, J., 1926, 1488; Irvine, 
Chemical Reviews, 1927, 4, 203), is untenable inasmuch as cellulose 
breaks down progressively to cellodextrins having a chain-length 
which can be determined as (C,),; . . . (C,),9 and finally to the 
more readily measured reducing sugar units (C,),, (C,)3, (Coe 
(cellobiose), and to glucose. There is no step in the scission of 
cellulose which corresponds to any halting-place recognisable as 4 
non-reducing “ dissociated ” molecular unit (CgH, 05). to 4, and it 
has been shown (Freudenberg) that the methylated unimolecular 
unit (C,H,,0,) possesses no associating properties. 

The traditional view, that the residues of glucose are mutually 
linked in cellulose just as they are in the glucosidic union of a biose, 
is demanded by all the chemical evidence and it derives further 
sanction from the interpretations of X-ray data, first of Sponsler 
and later of Meyer, Mark, Astbury, and others. The structural 
basis of the modern formula rests on the determination of the con- 
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MOLECULAR STRUCTURE OF CELLULOSE. 


stitution of cellobiose (Haworth and Hirst, J., 1921, 119, 193; 
Haworth, Long, and Plant, J., 1927, 2809) which is indicated by the 
1; 4-linking of two units of 8-glucopyranose. The union of many 
such groupings as a continuous chain may be visualised in either of 
two ways (Haworth, Ber., 1932, 4, A, 58). The molecule may 
terminate in two end groups recognisable by their singular pro- 
perties, or may exist as endless loops of two parallel chains having 
every C, unit identical, in which case no singular property is to 
be found in any C, component. 

We have sought to investigate these alternative expressions for 
the finer molecular structure of cellulose by preparing, under 
stringently controlled conditions, a cellulose derivative which had 
suffered little if any degradation and is demonstrably free from the 
scission products of small-chain length which frequently occur 
during treatment of cellulose with chemical reagents. The acetone- 
soluble cellulose acetates of commerce usually contain lower break- 
down products. Moreover, they are ill-adapted for subsequent 
conversion into the methyl derivative, since they require the 
application of several treatments with methylating agents to attain 
the condition of complete methylation. 

During the past four years we have studied the preparation of 
an acetone-soluble cellulose acetate which is capable of undergoing 
complete substitution by methyl groups in an almost homogeneous 
medium after one treatment only with methyl sulphate and alkali 
at comparatively low temperatures. Over half a kilogram of this 
acetate was prepared, some of which was utilised for obtaining the 
methylated cellulose and the remainder was completely acetylated 
and fractionally precipitated from solvents in order to discover 
and remove low-molecular forms. The methylated cellulose, after 
treatment with several solvents, gave evidence of general homo- 
geneity and we were satisfied that we were in possession of a pro- 
duct which consisted of groups of macro-molecules of similar 
properties and chain length. The acetate had a high viscosity, 
gave no reduction with Fehling’s solution, and showed a negligible 
reaction with sodium hypoiodite when submitted to this test under 
Bergmann and Machemer’s conditions (Ber., 1930, 63, 316, 2304). 

The hydrolysis of this specimen of methylated cellulose at a low 
temperature with saturated aqueous hydrochloric acid eflected 
complete cleavage into the met’ ylated glucose components. The 
latter were converted into the methylglucosides and submitted to 
an exhaustive separation by fractional distillation. We isolated 
ll g. of tetramethyl methylglucoside from these distillates. This 
value is subject to a 10% correction for experimental losses. The 
final estimate of the tetramethyl glucose content, from 200 g. of 
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methylated cellulose, represented 0-6% of this residue in the 
hydrolysis products. 

Taking the following as the expression of the structure of the 
macro-molecules of methylated cellulose, it is seen that a quantit- 
ative assay of the left-hand terminal group (all other groups giving 
rise to 2 : 3 : 6-trimethy] glucose) establishes the existence of thread- 
like molecules which terminate and are not endless, and furnishes a 
measure of the chain length of our cellulose derivative. From the 
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pyranose. 

percentage of the tetramethyl glucose component which is found, 
the value of x in the above expression can be estimated and the 
general average length of the molecules assigned. We reach the 
conclusion that this cellulose preparation consists of not fewer 
than 100 and not more than 200 6-glucose units. This corresponds 
to a molecular weight of 20,000—40,000 or a mean value of 
approximately 30,000, which is similar to the values (35,000) 
found for numerous proteins by the ultracentrifuge method of 
Svedberg and his co-workers. A minimum molecular weight of 
20,000 for native ramie cellulose has been found by measuring the 
breadth of the lines taken along the fibre-axis in the X-ray diagram 
(R.O. Herzog and Kriiger, J. Physical Chem., 1926, 34, 466; 
Hengstenberg, Z. Krist., 1928, 69, 271). Since our values are 
attained by the study of a derivative of cellulose, prepared by 
chemical methods, any degree of scission of the larger molecules, 
however slight, would be reflected in this estimate of chain length. 
We therefore regard our value as the average lower limit of the 
size of the macromolecule. Although it may be of interest, it is of 
no vital concern whether this value is to be increased to 100,000 
for native cellulose. With either value the general structure and 
conformation of the polysaccharide are satisfactorily envisaged. 
We regard the alternative calculations of higher molecular weight, 
determined by Staudinger from viscosity measurements of native 
cellulose in solution, as being of a similar order of magnitude. The 
truth may lie reasonably near to either value. Cellulose is therefore 
to be considered as an extraordinarily large assemblage of $-gluco- 
pyranose components linked through positions 1 : 4 and continued, 
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by reason of the stereochemical arrangement of its primary valency 
bonds, as a straight chain of six-atom ring units. These chains 
terminate at a lower mean length of 100—200 glucose units and 
the colloidal properties and organised structure of cellulose are 
fully explicable from the conception which is here presented from 
the standpoint only of chemical behaviour. 


EXPERIMENTAL. 


Preparation of an “‘ Acetone-soluble”’ Cellulose Acetate ‘‘C”’ (Modification 
of Barnett’s method).—In a 1} litre glass jar 50 g. of a good specimen of 
cellulose, which had been exposed to moist air, were soaked for } hr. in 
360 c.c. AcOH into which a gentle stream of Cl gas had previously been 
passed at 15° for 2} mins. With this product was gradually mixed, in small 
portions with stirring and cooling (ice-salt mixture), 180 c.c. of freshly dis- 
tilled Ac,O into which SO, had previously been passed for 6 mins. During 
the mixing of the reagents the temp. was not allowed to rise above 5°. After 
l hr. a thick, gelatinous, but clear solution was obtained and the temp. was 
then about 15°, and this was kept for 3—4 hrs. Thereafter it was gradually 
heated, with good stirring, and maintained at 35° for 14 hrs. Then, with 
stirring and cooling (ice-water), a mixture of 75 c.c. AcOH, 30 c.c. H,O, and 
7-5 c.c. conc. H,SO, was admitted so slowly that the temp. did not rise above 
16°. After being stirred for another hr. at this temp., the mixture was kept 
in a stoppered vessel at 18° for 20—24 hrs. This effects partial deacetylation. 

Test portions were withdrawn and pptd. in H,O. The ppt. should be 
flocculent and asbestos-like. The whole can then be mixed gradually with a 
large excess of ice-water. The white product was sol. on agitation in cold 
acetone and gave a clear, non-reducing, very viscous solution. A product 
is sometimes obtained in long, hard, matted fibres, but this form is not so 
appropriate for the purposes of this work, as it is sparingly sol. in acetone. 
Jn such a case the partial deacetylation had not proceeded far enough; but 
the process is readily controlled with practice. The object is to obtain a 
partly acetylated cellulose which has just reached the stage (by partial loss 
of acetyl groups) where it becomes completely acetone-soluble. On the 
other hand, products less viscous than those described or which show 
appreciable reduction of Fehling’s solution are to be rejected, as they contain 
products of degradation owing to improper control of the procedure just 
outlined. 

Preliminary ptrification (from partly acetylated products) was effected 
by pouring the colourless acetone solution into well-stirred ice-water. The 
easily separated, white, asbestos-like ppt. was washed repeatedly with ice- 
water and finally with hot H,O, treated with EtOH-acetone and then with 
Et,0, and placed in a vacuum oven at 35° containing CaCl,, a current of dry 
air being admitted. Yield, 70—80%. Mean CH,°CO,H content of acetate, 
56—58%. [a], — 18° in CHCl,. This material is designated “‘ C.” 

Search for Degradation Products in the ‘‘ Acetone-soluble’’ Cellulose Acetate 
“@.”—In order to determine whether this acetone-soluble cellulose acetate 
contained lower break-down products, 200 g. of it were completely acetylated, 
in 5 lots of 40 g. with 3000 c.c. Ac,O and 300 g. NaAc, by 2 hrs.’ heating on a 
boiling water-bath. The solid dissolved completely after 5 mins. to a colour- 
less solution, which became light yellow with continued heating. Slight 
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degradation to lower break-down products of the cellulose was unavoidable 
at this stage, but the material was intended for use only to control the extent 
of the total break-down products which were evaluated later. The material 
was isolated in the usual way and the crude cellulose acetate reduced Fehling’s 
solution very faintly. [a], — 18° to — 19° (in CHCl, containing a little 
EtOH). 

The iodine value of this specimen, determined under exceptionally drastic 
conditions (3 times the usual period of contact and 60 times the normal 
quantity of N/10-I, and N/2-NaOH) was calculated to be 0-42. Bergmann 
and Machemer (Ber., 1930, 63, 316, 2304) have applied these reagents with 
success under a variety of conditions, and on the basis of their calculations 
and assuming the homogeneity of the specimen we found the mean mol. wi, 
of this specimen of cellulose acetate to be 40,000. The completely acetylated 
cellulose was submitted to exhaustive examination for impurity: 170 g. of 
the completely acetylated cellulose (designated “‘D’”’) were treated with 
about 3 1. of boiling acetone under reflux, and at the onset of general swelling 
of the product 3 l. of EtOH were added and the whole was heated a further 
3 hrs, just below the b. p. of the solvents. The whole of the acetate appeared 
to be pptd. On evaporation of the hot filtrate and thorough washing of the 
pptd. material with the same mixture of solvents (hot) there were obtained 
1-4 g. of a yellow acetate which showed appreciable reduction with Fehling’s 
solution. This on isolation showed [a], — 10-3° (CHCI,). With the pptd. 
product a repeated search was made by a similar method for other break- 
down products of cellulose but without success. As will be seen later, this 
was the whole of the impurity (degraded forms) traceable in the material 
under examination. With the foreknowledge from other experience, we were 
aware that slight decomp. occurred under drastic conditions of heating of 
“©” with Ac,O and NaAc at 100° for 2 hrs., but to the extent of 99-3% the 
crude re-acetylated cellulose ““D” appeared to be uniform in character. 
We interpret this result as evidence of the much greater uniformity of the 
purified acetone-soluble cellulose acetate ‘“‘C”’ which it was the purpose of 
these present experiments to investigate inasmuch as it was the specimen 
“C” which was subsequently utilised for the purpose of methylation. 

Moreover fractional separations of 20 g. lots of this purified cellulose acetate 
““D ” revealed no products which differed essentially from each other. These 
experiments were conducted by the gradual addition, to a CHCl, solution 
(containing a little EtOH) of the acetate, of acetone, followed by dry Et,0, 
and the collection of the pptd. products (12-7 g.). The first fraction showed 
[a}??” — 20° (CHCl, containing a little EtOH). With light petroleum as the 
precipitating medium the mother-liquors from the above gave 7 g. of a similar 
material, [a]?!" — 20°. The residue from the evaporation of all the solvents 
was negligible in quantity. The above second fraction was submitted to 
further fractional pptn., but this gave no material which affected hot Fehling’s 
solution, and the rotation was unchanged. 

We were unable to effect any further separation of the completely acetylated 
cellulose (“‘D”). Even more important than the factor of unchanged sp. 
rotation was the character of the solubility of the product. It conformed to 
a good specimen of cellulose acetate free from short-chain molecules. The 
sharply degraded products of cellulose, such as the cellodextrins, give rise 
to acetates which have a varying sp.-rotation of the order — 12° to — 16° 
and are easily soluble in acetone, giving solutions of low viscosity. They are 
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also sol. in 8% NaOH aq. and show marked reduction of Fehling’s solution. 
With such preps. our product had nothing in common, nor were any of these 
cellodextrins observed as impurities. An extended study of cellodextrins has 
peen carried out simultaneously with the present work and the results are 
given in a separate paper. 

Acetone-soluble acetates are, after complete acetylation, practically insol. 
in this solvent and exhibit the phenomenon of very marked swelling with 
8% NaOH aq. Our specimen of acetone-soluble cellulose acetate “C” 
possessed a remarkable capacity for film formation and proved eminently 
serviceable for the purpose of complete methylation by one treatment with 
methylating agents. It was quite stable towards 30% aq. or aq.-ale. alkali 
and became coloured only faintly yellow on heating. On the other hand, the 
eellodextrins of Hess do not withstand these reagents owing to the presence 
of reducing groups in increasing proportion to the length of shortened chain. 

Methylation of the ‘‘ Acetone-soluble”’ Cellulose Acetate ‘‘ C.”,—A character- 
istic property of the material prepared as above described is that it is capable 
of complete methylation and simultaneous loss of acetyl groups by one treat- 
ment with Me,SO, and alkali. This is not the case with commercial samples 
of “ acetone-soluble’’ acetate which we have examined. This operation 
was conducted under the conditions described by Haworth, Hirst, and 
Thomas (loc. cit.) for the prep. of high-viscosity methylated cellulose. The 
acetone solution of the acetate was treated with Me,SO, and aq. alkali, further 
quantities of acetone being added from time to time to replace losses and to 
maintain the acetate in solution during the greater part of the operation. 
After one treatment with the above reagents the product showed 45% OMe. 
This value was not increased by a second methylation process which we 
carried out in order to make quite sure that the end glucose-residues were 
completely methylated. Our further investigation showed that the com- 
pletely methylated break-down products of cellulose of the type of the so- 
called Hess’s biosan have different solubilities from the above methylated 
cellulose and are to be distinguished by this means. The methylated cellulose 
was thoroughly washed, with H,O at 40—50°, followed by acetone, and then 
Et,0, and a colourless product having OMe 45%, [a]f? — 9° in CHCI,, was 
obtained (complete analyses were given by Haworth, Hirst, and Thomas, 
J., 1931, 821). 

Hydrolysis of Methylated Cellulose.—200 G. of the above methylated cellulose 
were pounded into small particles and mixed, with stirring, with 1 1. of cold 
conc. HCl, the formation of lumps of material being avoided by bringing the 
solid and the HCl together in a large funnel and allowing the fine pasty mass 
to flow into a 2 1. flask. After 2 hrs. the solid had completely dissolved to 
give a very viscous yellow solution, which was cooled to — 20° and saturated 
with HCl (flask closed by a CaCl, tube). This solution was kept over-night 
surrounded by ice-water and then again saturated with HCl and kept over- 
night. Thereafter the temp. was allowed slowly to rise to 10°, and as much 
as possible of the HCl removed by aeration. Bone charcoal (2 g.) was added, 
followed by the requisite amount of BaCO, for neutralisation and 500 g. of 
ice. Finally the mixture was well stirred at 35—40° for 2 hrs. The faintly 
yellow filtrate and washings from this prep. were collected and the contained 
hydrolysis products were quantitatively estimated as follows. Preliminary 
attempts to obtain tetramethyl glucose by preferential extraction with CHCl, 
from the aq. solutions gave colourless products which contained much tri- 
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methyl glucose in the recovered syrup. This yielded a portion sol. in light 
petroleum, but no cryst. tetramethyl glucose separated from this solvent, 
It was evident, therefore, that the tetramethyl] glucose was present in too 
low a concentration to admit of accurate estimation by this means. Freuden. 
berg and Braun have shown, under other conditions, the impossibility of 
separating traces of tetramethyl methylglucoside from hydrolysis products of 
30 g. only of methylated cellulose (Annalen, 1928, 460, 288). 

The whole of the aq. solutions were now evaporated at 35° (diminished 
press.), precautions being taken to avoid difficulty with separated Ba(l, 
and the separated salt was exhaustively extracted with hot CHCl, and the 
solution dried and concentrated at low temp. The resulting syrup was 
combined with that from the above preliminary experiment and the cold 
CHCl, solution stirred with a large vol. of light petroleum which was being 
gradually admitted. The lower layer, on keeping at 0°, deposited crystals of 
2:3: 6-trimethyl glucose (38 g.), and the mother-liquors with Et,O washings 
were diluted with CHCl, and again treated as above with light petroleum. 
The lower layer was again separated and evaporated at 35° to give a syrup (A). 
The combined upper layers were also evaporated to give a syrup (B). 

The procedure finally adopted for the greater bulk of the material was as 
follows: The neutralised filtered aq. solutions from the hydrolysis were 
extracted with 5—6 1. CHC], and this gave on evaporation a syrup containing 
most of the tetramethyl glucose. By evaporation at 35° of the aq. portion 
and exhaustive extraction of the residue with hot CHCl, a syrup poorer in 
tetramethyl glucose was obtained. Both syrups were separately treated, 
with stirring, with a large excess of light petroleum in the previous manner. 
The upper layers in each case were richer in tetramethyl! glucose, and these, 
were collected (B) and evaporated separately, and similarly with the CHCl, 
layers (A). 

The syrups from (A) and (B) were separately converted into the methyl- 
glucosides (MeOH and 1% HCl under reflux for 10 hrs.) and submitted to 
exhaustive fractional distillation under 0-02 mm., the refractionations being 
carried out in a Widmer flask with column protected with thin asbestos, 80 
that the b. p.’s could be accurately observed. The liquid distillates were 
colourless and their composition was further controlled on the micro-scale 
by the determination of (a) refractive index, (b) methoxyl content, (c) C and 
H analysis. 

The following are typical results of this procedure after one fractional 
distillation of the syrup (B). 

Fract. Time ofdis- Temp. (oil- Content, 

till. (hr.). bath). Wt., g. np. OMe. C. 

1 125—140° 0:4 1-4459 61-0 52-65 

4 140—145 0-45 14492 59-5 652-6 

4 140—155 08 1:4570 51-5 652-45 

4 155—160 1-1 14582 51-2 505 
Refractionation was carried out in the usual manner by redistilling each 
fraction until a change in properties became evident, then adding the next 
fraction, and so on. 

An initial distillation was always conducted from a Claisen flask and the 
individual portions were collected in a Widmer flask for the re-fractionation; 
all residues were conserved by this procedure. This was especially necessary 
in the distillation of the larger portion of syrup (A) in which most of the 
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trimethyl methylglucosides appeared, together with traces of dimethyl 
methylglucosides. 

The fractions of lower b. p. from (A) were refractionated with selected 
fractions from (B) and in all 1-1 g. of 2: 3: 4: 6-tetramethyl methylglucoside 
were collected. The error involved in the separation of tetra- and tri-methyl 
— was investigated by taking an artificial mixture containing 
about 1% of the former and estimating how far the fractional distillations 
were effective. These control experiments showed an almost quantitative 
separation (95%). We determined also by control experiments the losses 
involved in the major processes of hydrolysis of a mixture of the methyl- 
glucosides, and regeneration of the methylglucosides by methyl-ale. HCl 
treatment and subsequent recovery, and estimated this to be of the order 
of 5%. The total of these two sources of error in our quantitative estimations 
is thus 10%. 

Applying this correction, our estimate of the whole of the tetramethyl 
methylglucosides is raised to 1-2 g. from 200 g. of methylated cellulose, or 
06% of the whole content of the methylated residues in the hydrolysis pro- 
ducts. A portion of the above tetramethyl methylglucoside was hydrolysed 
and gave an almost quantitative yield of cryst. tetramethyl glucose showing 
[a]lp + 94° (after 5 mins.); + 83-5° (equilibrium val.) (Found: C, 50-6; 
H, 85. Cale.: C, 50-8; H, 8-5%). M. p. 89°. 


UNIVERSITY OF BIRMINGHAM, EpGpaston. [Received, August 3rd, 1932.] 





324. Polysaccharides. Part XI. Molecular 
Structure of Glycogen. 
By W. N. Haworrts and E. G. V. PERCIVAL. 


METHYLATED glycogen prepared as herein described is constituted as 
an extended chain of «-glucopyranose residues which are arranged as 
in maltose (compare Haworth, Hirst, and Webb, J., 1929, 2482; 
Haworth and Percival, J., 1931, 1342). Hydrolytic cleavage reveals 
the presence of one terminal unit which retains one more methyl 
group than the remainder. This can be assayed under the conditions 
described and is recognised as crystalline tetramethyl] glucopyranose, 
which occurs to the extent of 9%. 
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It follows that the number of glucose residues in the methylated 
Polysaccharide is not more than about twelve, corresponding to a 
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M.W. of approximately 2500, a value which is in agreement with that 
determined by Rast’s method. 

The glycogen was prepared from rabbit’s liver by British Drug 
Houses Ltd. and was a good specimen of the commercial product, 
It was purified by the method previously described (Haworth, Hirst, 
and Webb, /oc. cit.) and acetylated under a new procedure, and the 
glycogen acetate readily underwent methylation in aqueous acetone 
solution by eight treatments with methyl sulphate. Precautions 
were taken to test the homogeneity of the specimens of glycogen 
acetate and of methylated glycogen and no evidence of the presence 


of smaller degraded fragments was obtained. Under the treatment | 


described, there is therefore nothing to suggest that the glycogen 
with which we started has suffered any breakdown by conversion 
into these derivatives. It is, however, clear that natural glycogen 
contains a minimum number of 12 glucose units in its molecular 
structure. The process adopted for the isolation of glycogen from 
livers involves the use of alkali and we have not studied the changes 
which may be involved in this procedure, although the fact is 
significant that the glycogen so extracted exhibits a marked stability 
towards alkali. As ordinarily obtained, the polysaccharide cannot 
contain many more units than the average value of twelve, and its 
general properties, such as the comparison of its reducing power 
with that of starch, suggest that glycogen is not a highly complex 
polysaccharide. The structure of native glycogen may be deduced 
from the expression 


He? ong’ HT? Om, a mi 
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where the minimum value of z is 10, and in the commercial specimen 
this minimum is probably not much exceeded. The fate of the 
terminal reducing group in such a constitutional expression demands 
consideration. Our experience with cellodextrins, freshly prepared 
by the break-down of cellulose, shows that with a chain-length of 
26 B-glucopyranose residues the reducing property of the terminal 
group on the right is preserved and leads to a stoicheiometric value 
for hypoiodite reduction. Glycogen which has a shorter chain- 
length in its methylated derivative shows only faint reduction with 
this reagent. It is recalled, however, that glycogen is derived from 
animal sources by extraction with fairly concentrated alkali, and 
either in vivo or by this subsequent treatment the terminal reducing 
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group must be affected. This is a problem remaining over for solu- 
tion, in the cases of cellulose, glycogen and starch. Itis possible that 
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the terminal “‘ aldose ” component in each is modified by oxidation 
to the acid (or lactone) group. 
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EXPERIMENTAL. 


The Acetylation of Glycogen.—Haworth, Hirst, and Webb (J., 1929, 2482) had 
shown that glycogen could be acetylated with pyridine and Ac,O by heating 
for 20 hrs. at 80°. A new method has been developed during this investigation 
which is suitable for the acetylation of large quantities of glycogen, by treat- 
ment with the above reagents for only 3 hrs. without heating. This method of 
acetylation is extremely mild, and it is considered unlikely that degradation of 
the glycogen macromolecule occurs. 

Glycogen (25 g.) was dissolved in H,O (250 c.c.) and pptd. by the gradual 
addition of abs. EtOH (1750 c.c.), the glycogen being collected and washed once 
with EtOH. The dried product was added immediately to a mixture of 
pyridine (285 c.c.) and Ac,O (250 c.c.). Heat developed; the mixture was 
agitated from time to time, nearly the whole of the glycogen dissolving in 1 hr. 
After 3 hrs., the faintly yellow solution was filtered into cold H,O, and the 
white product washed with H,O, EtOH, and Et,O. Yield 39 g., i.¢., 87%. 
The “ triacetate ’’ was thus obtained as a white powder, sol. in acetone and 
CHCl,. [a]?” = + 170° (c, 1-0 in CHCI,) (Found: C, 50-0; H, 5-9; CH,°CO, 
44-4, C,,H,,O0, requires C, 50-0; H, 5-6; CH,°CO, 44-8%). 

This glycogen acetate was homogeneous in a general sense, since careful 
fractional pptn. failed to reveal any differences in the properties of a wide range 
of fractions. For example, glycogen acetate (32 g.) dissolved in CHCl, and 
pptd. with Et,O and light petroleum as well as by evaporation of the final 
residual solution yielded six fractions having identical solubilities, iodine values, 
specific rotations, and acetyl values. The same results were observed in a 
fractional pptn. of glycogen acetate (36 g.) from CHCl,-acetone by means of 
EtOH, Et,O, and light petroleum. Having regard to the large amount of 
polysaccharide acetate employed in these typical expts., it seems inconceivable 
that marked differences in molecular aggregation exist. 

Simultaneous Deacetylation and Methylation of Glycogen Acetate.—The 
glycogen acetate (35 g.) was dissolved in acetone (350 c.c.) and treated at 50° 
during 90 mins. with Me,SO, (170 c.c.) and 30% NaOH aq. (450 c.c.) with 
Vigorous stirring. The reagents were admitted in 1/10th portions every 10 
mins., acetone being added from time to time toreplace that lost by evaporation. 
The operation was completed by heating at 80° for 30 mins. to remove acetone ; 
the methylated product, which then separated as a solid, was removed and 
dissolved in acetone for remethylation. Eight successive methylations were 
carried out in this way except that two batches, each from 35 g. of the acetate, 
were combined for the second and subsequent treatments. 

The final isolation of the methylated glycogen was. accomplished by extract- 
ing the solid methylated product with boiling CHCl,, the extract being dried 
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over MgSO, and concentrated to a pale yellow glass, which on trituration with 
light petroleum yielded a fine white powder. This was extracted with boiling 
Et,0 to remove traces of impurities. Yield from 140 g. of glycogen acetate, 
83:5 g., i.e., 82%. 

As in the case of glycogen acetate, expts. were instituted to discover whether 
the methylated glycogen was uniform in character. To this end large amounts 
of the methylated compound were fractionally pptd. both from acetone and 
CHCl, solution by means of Et,O and light petroleum. 

“In a typical expt. the initial fraction gave C, 52-7; H, 7:9; OMe, 45-0%, 
and the final fraction C, 52-5; H, 7-6; OMe, 45-0%; whereas a representative 
sample of the methylated polysaccharide used in the hydrolysis expts. gave 
C, 52-9; H, 80; OMe, 45-4 (Calc. for C,H,,0,: C, 52-9; H, 7:8; OMe, 
45-6%). 

The specific rotation of methylated glycogen, [a]7) = + 209° (c, 1-0in CHCl), 
was observed for all the fractions obtained. Experience has shown that the 
determination of the specific rotation of methylated polysaccharides, as well as 
being more convenient, is more sensitive as a control of OMe content than 
Zeisel estimations. 

Refractionation of the final fractions from a number of pptns. having failed 
to indicate any differences, the conclusion was reached that the methylated 
glycogen used in these expts. consisted of groups of products of similar molecular 
size. 

The Hydrolysis of Methylated Glycogen.—Powdered methylated glycogen 
(80 g.) was added to cold HCl aq. (d 1-16; 400 c.c.), contained in a large distil- 
lation flask fitted with a Bunsen valve on thesidearm. The methylated poly- 
saccharide dissolved in 2 hrs.; the liquid was then cooled to — 15° and satur- 
ated with dry HCl. After a further 2 hrs. the liquid was again saturated with 
HCl and the mixture was kept for a total of 44 hrs. at room temp. The excess 
of HCl was then removed by aeration, and the solution diluted and neutralised 
with BaCO, in the presence of a little charcoal. After filtration the almost 
colourless liquid, together with the washings (1} 1.), was extracted with CHCl, 
(5 1.) in eight operations, the extracts being evaporated at 50°/15 mm. after 
drying over MgSO,. The aq. solution was treated with an equal vol. of abs. 
EtOH, which eliminated a large quantity of BaCl,, and the aq.-alc. filtrate was 
concentrated at 50° under diminished press., the residue being dried with 
EtOH-C,H,. 

Examination of the material from the chloroform extract. The syrup (15 g-) 
was redissolved in CHCl, (75 c.c.), and light petroleum (b. p. 40—60°; 1500c.c.) 
added slowly and with stirring. The petroleum was poured off after 30 mins., 
and the syrup redissolved in CHCl, and repptd. in an exactly similar manner, 
the entire operation being repeated a third time. The light petroleum was 
removed by distillation to yield a syrup (10 g.), part of which crystallised in the 
characteristic form of 2 : 3 : 4 : 6-tetramethyl glucose. 

Preparation of the glucosides. This mixture was heated at 70° for 8 hrs. with 
1% methyl-ale. HCl (150 c.c.), the acid neutralised with Ag,CO,, and the 
filtered solution evaporated to a thin syrup (10-5 g.) (C) and heated at 100°/15 
mm. for several hrs. to remove solvent. 

Treatment of the solid residues from the aqueous solution. The well-dried 
residues together with the pptd. BaCl, were extracted 10 times with boiling 
CHCI,, the extracts being dried over MgSO, and concentrated. This treatment 
yielded a syrup which, on trituration with Et,O and cooling in the refrigerator, 
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erystallised to yield 2:3: 6-trimethyl glucose (25 g.). The crystals were 
removed by filtration and the ethereal solution of syrup was concentrated, the 
resulting syrup being added to that left over from the light-petroleum extrac- 
tions of the material from the CHCl, extract. This syrup (46 g.) was dissolved 
in CHCl, (100 c.c.), and the above treatment with light petroleum repeated. 
The petroleum extracts on concn. yielded a syrup (1-5 g.), which was converted 
into the methylglucosides as before (1-5 g.) (D). 

The isolation of 2:3:4:6-tetramethyl methylglucopyranoside. This was 
achieved by fractional distillation of (C) and (D) in a high vacuum from a 
Widmer flask fitted with a special fractionating column. Previous expts. 
(Haworth and Machemer, Ber., 1932, 65, [A], 43) had proved that an almost 
quantitative separation of the tetra- from the tri-methyl methylglucosides 
could be obtained. 

Syrup C was distilled into the Widmer flask for the first fraction and into a 
collecting tube for the second. 


(I) 7-5 g., b. p. 93°/0-03 mm. Bath temp. 108—110°. n° 1-4462. 
(II) 2-5 g., b. p. 93—97°/0-03 mm. Bath temp. 115—120°. ni” 1-4640. 
Still residue, 0-5 g. 
Refractionation from the Widmer flask of fraction (1). 


(III) 6-40 g., b. p. 87°/0:04 mm. Bath temp. 130°. nj; 1-4456. Distilled in 
1} hrs. 

(IV) 0-95 g., b. p. 87°/0-04 mm. Bath temp. 140°. nj}" 1-4460. Distilled in 
4 hr. 

(V) 0-02 g., b. p. 90°/0-04 mm. Bath temp. 160°. ni" 1-451. 

(VI) 0-05 g., b. p. 98°/0-04 mm. Bath temp. 150—160°. nj)" 1-4575. 


After fraction (III) had been collected, fraction (II) was added to the residue 
in the Widmer flask and the distillation was continued as above. After the 
collection of fraction (VI), the syrup D was distilled from the Claisen flask into 
the Widmer apparatus (bath temp. 90—110°/0-04 mm.). The fractional 
distillation was continued, and the following fractions collected. 


(VII) 0-30 g., b. p. 85—90°/0-04 mm. Bath temp. 135°. nj" 1-4450, in 1 hr. 
(VIII) 0-10 g., b. p. 95—100°/0-04 mm. Bath temp. 140—150°. nj" 1-4550. 
(IX) 0-02 g., b. p. 95—100°/0-04 mm. Bath temp. 150—160°. ni3* 1-4570. 


From a consideration of the refractive indices, fraction (I) appeared to be in 
the main tetramethyl methylglucopyranoside, and fraction (II) the corre- 
sponding trimethy! derivative. A more detailed examination confirmed this, 
analyses being carried out for each fraction, the final fraction hydrolysed, and 
the resulting sugar weighed. 

It was found that (III), (IV), and (VII) consisted of tetramethyl methyl- 
glucopyranoside (Found: C, 52-75; H, 8-9; OMe, 59-5. C,,H,,0, requires 
C, 52:8; H, 8-9; OMe, 62-0%), whilst the remainder was trimethyl methy]- 
glucopyranoside. The total yield of tetramethyl methylglucopyranoside was 
therefore 7-65 g., so the result, expressed as the percentage of tetramethyl 
glucose obtained from the trimethyl glycogen, is 9-°0%. The expression con- 
necting the number of anhydroglucose residues (x) with the percentage of 
tetramethyl glucose (y) derived from any fully methylated polysaccharide is 
¥= 236 x 100/(2042 + 46). The shorter expression, z = 116/y, gives the 
&pproximate result. 
4E 









2282 NOTES. 


By the hydrolysis of 16-0 g. of methylated glycogen in another series of 
expts., 88% of tetramethyl methylglucopyranoside was obtained. This is 
seen to be in good agreement with the previous result when it is considered 
that the losses are relatively greater by working with smaller quantities. 

The isolation of tetramethyl glucopyranose. Tetramethyl methylgluco- 
pyranoside (3 g.) obtained from fractions (III), (IV), and (VII) was hydrolysed 
during 8 hrs. with 5% HCl aq. (100 c.c.) and gave cryst. tetramethy! gluco- 
pyranose (2-65 g.), which was recrystallised from light petroleum and had m. p, 
88—89° alone or mixed with an authentic specimen, [a]7)’ + 83° (equilibrium 
value in H,O; c, 1) (Found: C, 50-5; H, 8-6; OMe, 50-6. C,H, O, requires 
C, 50°8; H, 8-5; OMe, 52-5%). 

The recovery of trimethyl glucose. The total yield was 73 g., being made up 
of 25 g. of cryst. material, 46 g. of syrup, and 2 g. as the methylglucoside. This, 
together with the 7 g. of tetramethyl glucopyranose, constitutes a recovery of 
96% of products derived from the original methylated glycogen. 

The Reducing Power of Glycogen.—It was observed that slight but definite 
reduction of Fehling’s solution took place when pure glycogen (electrodialysed 
and pptd. twice with EtOH; ash = 0-15%) was heated at 100° for 10 mins. 
with the reagent. 

The reducing value according to the method of Bergmann and Machemer 
(Ber., 1930, 63, 316) was investigated, and the iodine value, t.e., the number of 
c.c. of N/10-I required to oxidise 1 g. of the substance, as the mean of several 
expts., is given as 1-95, whereas the value for starch, which is non-reducing to 
Fehling’s solution, is ca. 0-7 depending on the source. Glycogen is therefore 
more reducing in character than starch, a fact which is readily explained if 
glycogen contains fewer anhydroglucose residues than starch. 

Estimations of the Molecular Weights (Rast).—These gave the following mean 
values : Glycogen acetate, 2600; methylated glycogen, 2400. As in other 
cases, these are to be regarded as minimum values. The results are interpreted 
merely as an indication that no degradation occurs on methylation of the 
acetate. 


The authors are indebted to the Department of Scientific and Industrial 
Research for a grant. 


University or Brrmincuam, Epepaston. (Received, August 3rd, 1932.] 





NOTES. 


Corrected Data for the 2-Alkylamino-8-naphthathiazoles. By G. M. Dyson, 
R. F. Hunter, and R. W. Morris. 

Tue “ 2-alkylamino-8-naphthathiazoles ” obtained by treating s-a-naphthyl- 
alkylthiocarbamides with Br (Dyson, Hunter, and Soyka, J., 1926, 2964) are 
mixtures containing monobromo-substitution products, probably 8-bromo-2- 
alkylamino-f-naphthathiazoles. The 2-alkylamino-f-naphthathiazoles can be 
obtained pure in the way described below (compare Hunter and Jones, J., 1930, 
947). 

The s-a-naphthylalkylthiocarbamides previously obtained by condensing 
a-naphthylamine with the requisite alkylthiocarbimide are more readily pre 





SSaZGRGRBSP EP 





— 


eC FF |= = fee 


bt ee 








NOTES. 9283 


pared pure by treating a solution of a-naphthylthiocarbimide in EtOH with a 
30% excess of the corresponding alkylamine, the solution being boiled, cooled, 
and concentrated under reduced press. at room temp., and the thiocarbamide 
washed with alittle Et,O before recrystalln. In the condensation of a-naphthyl- 
thiocarbimide with n-amylamine and n-heptylamine, s-di-a-naphthylthio- 
carbamide was formed as a by-product. 

s-a-Naphthylmethylthiocarbamide crystallised from EtOH in rhombic 
plates, m. p. 198° (Dyson and Hunter, Rec. trav. chim., 1926, 45, 421, recorded 
needles, m. p. 192°). s8-a-Naphthylethylthiocarbamide had m. p. 121° 
(previously recorded as 118°). The following are the revised m. p.’s for the 
naphthylthiocarbamides described by Dyson, Hunter, and Soyka; the original 
figures are given in parentheses: n-propyl, 101—102° (67°); n-butyl, 100° 
(98°); n-amyl, 104° (103°); isoamyl, 95° (92°); n-heptyl, 65—66° (62°). 

The 2-alkylamino-8-naphthathiazoles were prepared as follows: The 
naphthylthiocarbamide (1 g.)in CHCl, (10 c.c.) was refluxed with Br (in 2 vols. 
CHCI,; 5—10% in excess of the 2 equivs. required for cyclisation) for 1—2 
mins., and the cooled solution treated with excess of H,SO, and SO, and made 
alkaline with NH, aq. The product was obtained from the washed CHCl, 
layer and recrystallised from MeOH. The bases had the following m. p.’s: 
2-methyl, 161°; 2-ethyl, 107°; 2-n-propyl, 86°; 2-n-butyl, 67°; 2-isobutyl, 
71°; 2-n-amyl, 78°; 2-iscamyl, 90°; 2-n-hexyl, 70°; 2-n-heptyl, 72°.— 
IMPERIAL CoLLEGE, Lonpon, S.W.7, and ALIGARH Mustim UNIVERSITY, 
Inpta. [Received, March 30th, 1932.] 





The Identification of a-Ethoxypropionic Acid. By A. Demowis and 
G. A. R. Kon. 


Tue acid (Gauthier, Ann. Chim. Phys., 1909, 16, 289) on treatment with 
thionyl chloride gives the chloride, b. p. 32°/13 mm., and this with NH, aq. 
gives the amide, fine plates from C,H,, m. p. 64° (Colson, ébid., 1897, 12, 235). 
The anilide, obtained from the chloride and NH,Ph in Et,O, crystallises from 
petroleum (b. p. 40—60°) in fine plates resembling asbestos, m. p. 66—67° 
(Found: C, 68-2; H, 80. C,,H,,0,N requires C, 683; H, 7:8%).— 
IupertaL CoLLecEe, Lonpon, 8.W.7. [Received, July 18th, 1932.] 





The Preparation of Pure Zine Chloride. By R. T. Hammon and 
J. A. V. Burier. 


Baxter and Lams’s method (Amer. Chem. J., 1904, 31, 229) was found un- 
suitable for the prep. of large quantities. 

Pure dry Zn (30 g.) and Na-dried redistilled Et,O0 (100 c.c.) are placed in a 
flask provided with a short bent delivery tube entering the flask through a 
ground-in glass stopper and drawn out to a jet at the other end. Dry HCl is 
passed in until the Zn has almost completely dissolved: the stopper is then 
inserted, and the flask set aside until solution is complete, H escaping through 
the jet. The clear liquid generally separates into an upper mobile layer, 
probably consisting of a solution of ZnCl, in Et,0, and a lower viscous layer, 
Which is probably a solution of Et,O in ZnCl,. The flask is warmed on the 
water-bath and the Et,O and excess of HC! are distilled in vac., leaving pure 
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ZnCl, as a white, excessively hygroscopic powder, sol. in H,O at all concs. 
without hydrolysis. Further heating in vac. at about 170° gives a pure product 
(Found: Cl, 51-8. Cale.: Cl, 52-0%). 

The method appears to be suitable for other metals.—Tue UNIvVERsITY, 
EprnsureH. [Received, June 23rd, 1932.) 





325. Some Physical Properties of Tertiary Arsines, 


By W. J. Jonzs, W. J. C. Dyxz, G. Davigs, D. C. GRiFFiTus, 
and J. H. E. Wess. 


ALTHOUGH a number of tertiary arsines have been prepared, their 
physical properties have not hitherto been co-ordinated. The lack 
of such correlation renders the investigation of these compounds 
more difficult, since recorded data afford little guidance as to the 
probable values of those physical constants that can be taken as 
criteria of purity. The data and relationships now given yield 
approximate values of boiling point under pressures usual in the 
purification of these substances, of density, and of refractive index. 
As illustrations of the use of these relationships, the following two 
instances may be cited. Employing the formule given in the later 
section on physical properties, the calculated constants for ethyldi- 
n-butylarsine are b. p. 90°/10 mm., dj’ 0-9980, and n?” 1-4742, 
whilst direct measurements on the freshly purified substance give 
b. p. 93°/10 mm., d?” 0-9970, and nZ" 1-4730. Again, when methyl- 
di-n-amylarsine is prepared from methyldihalogenoarsines and 
n-amyl Grignard reagent, it is accompanied by n-decane. The 
equation connecting the b. p. of a tri-n-alkylarsine with its molecular 
weight gives for methyldi-n-amylarsine the b. p. 103°/10 mm. (obs., 
104°/10 mm.), whilst the b. p. of n-decane is 55°/10 mm., a difference 
which would allow of effective separation of the two products by 
redistillation. Similar calculations proving the difficulty of separat- 
ing certain arsines from accompanying hydrocarbon are given later. 

The present work has involved the preparation of several mixed 
arsines by the interactions between various substituted arsenic 
halides and Grignard reagents. Yields refer to purified products 
and are expressed in g. per 12 g. of magnesium used in the experi- 
ment. Thermometric readings have been corrected for errors, and 
weighings for air displacement. Standard manometers and baro- 
meters were used in measuring pressure. The density and refractive 
index of each arsine were determined as soon as possible after its 
final purification by distillation. This was particularly necessary, 
since most of these compounds readily oxidised in contact with air. 

Methyldialkylarsines.—These arsines were obtained by the action of Grig- 
nard reagents on AsMel,, which was prepared by Auger’s method (Compt. 
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rend., 1906, 142, 1151) and distilled before use (b. p. 140°/30 mm.). Owing 
to the mildness of its interaction with the reagents, it was essential to use 4 
mols. of the Mg compound to | of AsMelI,, and to reflux the mixture for at 
least 3 hrs.; otherwise, the final product was contaminated with unchanged 
MeAsI,. The proximity of the b. p. of the hydrocarbon present in the 
Grignard solution to that of the arsine demanded, in the case of an aliphatic 
compound, careful fractional redistillation for separation. 

Methyldi-n-propylarsine (Found: C, 47-5; H, 9-7; As, 41-9. C,H,,As 
requires C, 47-7; H, 9-7; As, 42-6%) was prepared by refluxing a mixture 
of AsMeI, and MgPr*Br in ethereal solution, decomposing the product with 
NH,Cl aq., and fractionating the crude arsine under reduced press. (J., 1930, 
2428). The purified arsine (yield, 17 g.) had b. p. 42°/10 mm., 66°/34 mm., 
70°/42 mm., d%” 1-0350, d?” 1-0300. The following derivatives were prepared 
by methods already described (J., 1931, 185). In this and subsequent cases, 
alcohol was used for crystallisation unless otherwise stated. Methyldi-n- 
propylarsine mercurichloride (Found: Cl, 15-7. C,H,,As,HgCl, requires Cl, 
158%), separated from accompanying HgCl by recryst., forms white needles, 
m. p. 82°; dimethyldi-n-propylarsonium mercuri-iodide (Found: I, 49-2; Hg, 
26-0. C,H. IAs,HglI, requires I, 49-3; Hg, 26-0%), m. p. 95°, lemon-yellow 
prisms. 

Methyldi-n-butylarsine (Found: C, 52-7; H, 10-4; As, 36-2. C,H,,As 
requires C, 52:9; H, 10-4; As, 36-7%), yield 20 g., has b. p. 77°/10 mm., 
a” 1-0023. The mercurichloride (Found: Cl, 14-8. C,H,,As,HgCl, requires 
Cl, 14-9%) forms bundles of prisms, m. p. 87°. Dimethyldi-n-butylarsonium 
iodide (Found: I, 36-6. C, )H,,IAs requires I, 36-7%), has m. p. 148°; its 
mercuri-iodide (Found: I, 47-4; Hg, 25-2. C,,H,,ITAs,HglI, requires I, 47-5; 
Hg, 25-1%), after recryst., forms pale yellow needles, m. p. 68°. 

The reaction between AsMelI, and isobutylmagnesium bromide yielded 23 g. 
of purified methyldiisobutylarsine (Found : C, 52-5; H, 9-9%); b. p. 57°/10 mm., 
81°/33 mm., d%” 1-0019. On treatment of the first runnings with conc. H,SO,, 
3 c.c. of Be-dimethylhexane, b. p. 27°/33 mm., were obtained. Methyldiiso- 
butylarsine mercurichloride (Found : Cl, 14-8%) forms flat needles, m. p. 123°. 
The methiodide, after being twice recryst. from EtOQH—Et,0O, was obtained 
as short needles, m. p. 174° (Dehn and Wilcox, Amer. Chem. J.; 1906, 35, 18, 
give m. p. 155°) 

Dimethyldiisobutylarsonium mercuri-iodide (Found: I, 47:2; Hg, 25-2%) 
crystallised as pale yellow needles, m. p. 93°. 

Methyldi-n-amylarsine has b. p. 104°/10 mm., 121°/21 mm., 130°/33 mm., 
and d%° 0-9810 (Found: C, 56-5; H, 10-6; As, 32-0. C,,H,,As requires C, 
56-9; H, 10-8; As, 32-3%) (yield, 20 g.); it is only partially miscible with 
abs. EtOH at 15°. In the isolation of the arsine, a first fraction containing 
8 g. of n-decane, b. p. 80°/33 mm., was obtained. Its mercurichloride (Found : 
Cl, 14-0. C,,H,;As,HgCl, requires Cl, 14-1%) forms white needles, m. p. 66°. 
Dimethyldi-n-amylarsonium iodide (Found: I, 33°7. C,,H,,lAs requires I, 
339%) is pptd. as an oil from an ethereal solution of its constituents. On 
separation from the mother-liquor, the oil rapidly crystallises, and after 
being kept in a vacuum for a month has m. p. 45—47°. 

Methyldi-n-hexylarsine (Found: C, 59-7; H, 11-1; As, 28-4. C,,H,,As 
requires C, 60-0; H, 11:2; As, 28-8%) is formed from AsMel, and n-hexyl- 
Magnesium bromide. There were obtained 11 g. of n-dodecane, b. p. 89°/ 
10 mm., and 29 g. of purified arsine, b. p. 134°/10 mm., d?” 0-9662; ni?" 1-4792; 
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nj; 1:4718; nz" 1-4688. The arsine is not completely miscible with EtOH 
at 15°, but mixes freely with Et,0 and with C,H,. The mercurichloride 
(Found: -Cl, 13-4. C,,H,,As,HgCl, requires Cl, 13-3%) crystallises ag 
aggregated flat needles, m. p. 56°. 

Diarylmethylarsines.—A yield of 15 g. of purified dicyclohexylmethylarsine 
(Found; C, 61:0; H, 9-9; As, 28-9. C,,H,,As requires C, 60-9; H, 9-8; 
As, 29-3%) was obtained from AsMelI, and cyclohexylmagnesium bromide in 
Et,0. In order to separate the arsine from the accompanying dicyclohexyl, 
the product was fractionally distilled 3 times under low pressure. The arsine 
has b. p. 127°/4 mm., 136°/10 mm., d}" 1/1151; nf" 1-5385; nB” 1-5300; 
nz” 1-5265. The mercurichloride (Found: Cl, 13-4. C,,;H,,As,HgCl, requires 
Cl, 134%), m. p, 162°, forms a white cryst. powder. Dicyclohexyldimethyl- 
arsonium iodide (Found: I, 31-9. C,,H,glAs requires I, 31-9%), recryst. 
from H,O, forms white plates, m. p. 185°. The arsonium mercuri-iodide 
(Found: I, 44-8; Hg, 23-3. C,,H,,[As,HglI, requires I, 44-7; Hg, 23-5%) 
crystallises as pale yellow needles, m. p. 149°. 

The interaction between AsMelI, and p-tolylmagnesium bromide in ether 
gives di-p-tolylmethylarsine (Found: C, 66-3; H, 6-3; As, 27-2. C,,H,,As 
requires C, 66-2; H, 6:3; As, 27-5%), b. p. 163°/6 mm., 174°/10 mm., d?” 
1-2011; n}” 16269; nn?” 1-6097; n2” 1-6026. Di-p-tolyl cryst. from the first 
runnings in the preliminary distillation. The liquid residue from these was 
added to the arsine fraction and the combined liquids were twice fractionally 
redistilled in a vacuum; yield, 20 g. The mercurichloride (Found: Cl, 12-8, 
C,,H,,As,HgCl, requires Cl, 13-0%), is a white powder, m. p. not sharp, 
The methiodide (Found: I, 30-8. C,H, As requires I, 30:7%) is slowly 
formed in cold Et,O from its components; recryst. from either H,O or EtOH- 
Et,O, it forms prisms, m. p. 177°. 

Obtained from the products of interaction of AsMeI, with benzylmagnesium 
chloride, dibenzylmethylarsine (Found : C, 66-2; H, 6-1; As, 27-0. C,,;H,,As 
requires C, 66-2; H, 6-3; As, 27-5%) has b. p. 169°/6 mm., 185°/10 mm.; 
m. p. ca, 36° (thermometer in liquid); d?” 1-2101; n2” 1-6333; nj” 1-6156; 
n&" 1-6083; yield, 22g. Similarly to tribenzylarsine (Challenger and Peters, 
J., 1929, 2617), this arsine yields Ph‘CHO during its aerial oxidation. The 
mercurichloride (Found: Cl, 13-0. ©,;H,,As,HgCl, requires Cl, 13-0%) erys- 
tallises as plates, m. p. 158°. 

Di-B-phenylethylmethylarsine (Found: C, 68-3; H, 7-1; As, 24:9. C,,H,,As 
requires C, 68-0; H, 7-1; As, 24-9%) is prep. by the addition of AsMel, to 
B-phenylethylmagnesium bromide; yield, 16 g.; b. p. 190°/4 mm., 212°/ 
10 mm.; d2” 1:1530; nf” 15985; n2®” 1-5843; n™” 1-5785. In the prep. 
there were also obtained 7 g. of PhEt, b. p. 136°, and 3 g. of a5-diphenylbutane, 
b. p. 316°/760 mm. The arsine is sparingly sol. in EtOH, and possesses 
pleasant odour resembling that of B-phenylethyl aleohol. The mercurichloride 
(Found: Cl, 12:5. C,,H,,As,HgCl, requires Cl, 12-4%), almost insol. in 
EtOH, forms white needles, m. p. 165°, from glac. AcOH. 

Di-B-phenylethyldimethylarsonium iodide (Found: I, 28-7. C,gH IAs re- 
quires I, 28-7%), sparingly sol. in H,O, cryst. as white plates, m. p. 151°. 

Diphenylmethylarsine, prepared by the method of Burrows and Turner 
(J., 1920, 117, 1381) and carefully purified by fractional distillation in 4 
vacuum, had dt” 1-2710; n}” 16472; ni” 16290; n2” 1-6215. 

Dimethylalkylarsines,—These compounds and the corresponding arylarsines 
were obtained from Grignard reagents (2 mols,) and AsMe,I (1 mol.) 
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(Burrows and Turner, loc. cit.), the latter having been redistilled immediately 
before use. 

Dimethylethylarsine (Found: C, 35:9; H, 8-3. Cale. for CyH,,As: C, 
35:8; H, 8-3%) was prep. using di-n-amyl ether as solvent (J., 1930, 2428). 
It was first prepared by Cahours (Annalen, 1862, 122, 219). It has b. p. 
86°/760 mm., d3° 1-0990, and forms a mercurichloride (Found: Hg, 49-3. 
C,H, ,As,HgCl, requires Hg, 49-5%), separated from accompanying HgCl by 
filtration of the ale. solution, and recryst. from glac. ACOH; needles, m. p. 
164°. Trimethylethylarsonium mercuri-iodide (Found: I, 53-0; Hg, 27-7. 
C,;H,,AsI,HglI, requires I, 52:1; Hg, 27-5%) forms yellow needles, m. p. 92°. 

With n-propylmagnesium bromide and AsMe,I dissolved in Et,0, dimethyl- 
n-propylarsine (Found: C, 40-8; H, 8-9. C,;H,,As requires C, 40-5; H, 
8-9%) is obtained, b. p. 27°/17 mm., d22" 1-0221. It forms a methiodide 
(Found: I, 43-7. C,H,,lAs requires I, 43-8%), m. p. 211°. 

Dimethyl-n-butyl-, -n-amyl-, and -dl-amylarsines were formed in Et,O 
solution from AsMe,I and the Grignard reagents, but owing to the proximity 
of their b. p.’s to those of n-octane, n-decane, and y¢-dimethyloctane, respect- 
ively, their separation could not be effected. The difficulty that arises in 
this method of preparation is indicated by the values of the b. p.’s of these 
arsines calc. by the formula given later; ¢.g., the b. p.’s (10 mm.) of the 
first two arsines are 35° and 50° respectively, whereas those of n-octane and 
n-decane are 20° and 55°. The following derivatives were prepared directly 
from the ethereal solution of the arsine. T'rimethyl-n-butylarsonium iodide 
(Found: I, 41-4. C,H,,IAs requires I, 41-7%), m. p. 163°; the mereuri- 
iodide (Found: I, 50-3; Hg, 26-1. C,H,,I[As,HglI, requires I, 50-2; Hg, 
26-4%) forms yellow needles, m. p. 120°. Dimethyl-n-amylarsine mercuri- 
chloride (Found: Cl, 15-6; Hg, 45-2. C,H,,Cl,AsHg requires Cl, 15-8; Hg, 
448%) forms rods, m. p. 87°, from glac. ACOH. T'rimethyl-n-amylarsonium 
iodide (Found: C, 29-9; H, 6-2; I, 39-9. C,H. IAs requires C, 30-2; H, 
6-3; I, 399%), reeryst. from EtOH-—Et,0, forms fine needles, m. p. 172°; 
the cadmi-iodide (Found: C, 18-7; H, 3-7. 2CgH, IAs,CdI, requires C, 19-2; 
H, 4:0%), m. p. 186° (from EtOH). Trimethyl-dl-amylarsonium iodide 
(Found : I, 40-1%) has m. p. ca. 145°, 

Aryldimethylarsines.—A yield of 8 g. of purified cyclohexyldimethylarsine 
(Found: C, 51-2; H, 8-9; As, 39-8. C,H,,As requires C, 51:0; H, 9-1; As, 
39-99%) was obtained from cyclohexylmagnesium bromide and AsMe,I. The 
arsine has b. p. 65°/9 mm., d??" 1-2390. It catches fire when introduced into 
the air. Its methiodide (Found: I, 38-2. C,H, IAs requires I, 38-5%) has 
m. p. 259° (decomp.), needles from EtOH-Et,0; cyclohexylirimethylarsonium 
mercuri-iodide (Found: I, 48-6; Hg, 25-4. C,H,oIl,AsHg requires I, 48-5; 
Hg, 25-6%), m. p. 138°; the arsonium cadmi-iodide [Found: C, 20-9; H, 
42; Cd, 11-1. 2C,H,,As(CH,),I,CdI, requires C, 21-1; H, 3-9; Cd, 10-9%] 
m. p. 198°. 

p-Dibromobenzene with Mg in Et,O gives p-bromophenylmagnesium 
bromide (Bodroux, Compt. rend., 1903, 186, 1138), which, on treatment with 
AsMe,I, yields p-bromophenyldimethylarsine (Found: C, 36-4; H, 4:1; As, 
28-5. C,H,,BrAs requires C, 36-8; H, 3-9; As, 28-7%), b. p. 134—136°/ 
9mm., d%" 1-5918; yield of purified arsine, 15 g. 

Addition of AsMe,I to o-tolylmagnesium bromide yielded 27 g. of purified 
0-tolyldimethylarsine (Found: C, 54:8; H, 6-8; As, 38-4. C,H,,As requires 
C, 55-1; H, 6-7; As, 38-2%), b. p. 93°/10 mm., d%” 1-1993; ni” 1-5833; nz" 
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1:5690; n° 1-5631. o-Tolyldimethylarsine dibromide (Found: Br, 44-5, 
C,H,,Br,As requires Br, 44-9%), recryst. from anhyd. acetone, forms rhombs, 
m. p. 104°. The hydroxybromide [Found: Br, 27-4. C;H,:As(CH,).(OH)Br 
requires Br, 27-3%] separates as rectangular prisms, m. p. 182°, when H,0- 
EtOH solutions of the dibromide are concentrated. 0-T'olyltrimethylarsonium 
iodide (Found : I, 37-3. C, 9H,,IAs requires I, 37-6%) forms fibrous crystals, 
m. p. 290°; the cadmi-iodide [Found: C, 23-1; H, 3-0; I, 48-4; Cd, 11-4, 
2C,H,*As(CH,),I,CdI, requires C, 23-0; H, 3-1; I, 48:7; Cd, 10-8%] white 
silky needles, m. p. 179°; the mercuri-iodide (Found: I, 48-2; Hg, 25-6. 
C,9H,,[As,HglI, requires I, 48-1; Hg, 25-3%) yellow needles, m. p. 164°. 

Similarly obtained, m-tolyldimethylarsine (Found: C, 55-4; H, 6-9; As, 
38-2%) has b. p. 88°/10 mm., 115°/34 mm.; d?” 1-1906; nj 1-5792; nr 
1-5645; n2 1-5584; yield, 24 g. Its dibromide (Found: Br, 44-°8%) forms 
rectangular plates, m. p. 120°. m-T'olylirimethylarsonium iodide (Found : I, 
37°3%) crystallises in cubic form, m. p. 240°; the cadmi-iodide, 
2C,H,*As(CH,),I,CdI, (Found: I, 49-0; Cd, 10-6%), needles, m. p. 119°; 
the mercuri-iodide (Found : I, 48-1; Hg, 25-6%), silky yellow crystals, m. p. 
137°. 

m-Xylyldimethylarsine (Found: C, 56-7; H, 7:2; As, 35-7. OC, 9H,,As 
requires C, 57-1; H, 7-2; As, 35-7%) (yield, 24 g.), from the products of 
interaction of the Grignard reagent derived from 4-bromo-m-xylene and 
AsMe,I, has b. p. 101°/10 mm., 113°/17 mm.; d?° 1-1928; n? 1-5793; nj} 
1-5650; n2” 1-5591. Its methiodide (Found: I, 35-8. C,,H,,1As requires I, 
36-1%) forms prisms, m. p. 203°; m-aylyltrimethylarsonium mercuri-iodide 
(Found: I, 47-6; Hg, 24-6. C,,H,,IAs,HgCl, requires I, 47:2; Hg, 24-9%) 
yellow flakes, m. p. 108°. 

p-Xylyldimethylarsine (Found: C, 56-7; H, 7-3; As, 35-7%) was obtained 
similarly from bromo-p-xylene; yield, 27 g.; b. p. 113°/7 mm., 120°/10 mm.; 
d® 1-1896; ni? 1-5813; ni 1-5670; n?” 1-5611. Its dibromide is hygroscopic 
and melts at 106° (Found: Br, 42-7. C,,H,,Br,As requires Br, 43-2%). 
p-Xylyltrimethylarsonium iodide (Found: I, 36-0%) eryst. as plates, m. p. 
223°; the mercuri-iodide (Found: I, 46-9; Hg, 24-8%), stout yellow needles, 
m. p. 129°. 

B-Phenylethyldimethylarsine (Found : C, 56-9; H, 7:2; As, 35-6. C, 9H,;As 
requires C, 57-1; H, 7-2; As, 35-7%) is derived from £-bromo-a-phenyl- 
ethane. It has b. p. 103°/10 mm., 119°/20 mm.; d™” 11621; n? 1-5634; 
nn? 1-5505; n° 1-5452. Yield, 15g. The hydrorybromide [Found : Br, 25-9. 
C,oH,,;"As(OH)Br requires Br, 26-0%] has m. p. 118° (from acetone); the 
methiodide (Found: I, 36-2. C,,H,,[As requires I, 36-2%), m. p. 202°. 
B-Phenylethyltrimethylarsonium cadmi-iodide (Found: C, 25-0; H, 3-5; L 
47-2; Cd, 10-7. 2C,,H,,*AsI,CdI, requires C, 24-7; H, 3-4; I, 47-4; Cd, 
105%) forms silvery needles, m. p. 158°. Two different mercuri-iodides 
were obtained from alc. solutions by varying the proportions of the com- 
ponents used. With equimol. proportion, f-phenylethyltrimethylarsonium 
mercuri-iodide (Found : I, 47-1; Hg, 24-7. C,,H,,AsI,Hgl, requires I, 47-2; 
Hg, 24-9%) is obtained after recrystn. as yellow needles, m. p. 116°. From 
2 mols. of methiodide to 1 of HgI,, bis-B-phenylethyltrimethylarsonium mercuri- 
iodide (Found: I, 44-0; Hg, 17-5. 2C,,H,,AsI,HgI, requires I, 43-8; Hg, 
17-3%) (white needles) resulted; m. p. 155° (recryst.). 

Tri-B-phenylethylarsine (Found: ©, 74:2; H, 67; As, 19-1. Cy 4H,,As 
requires C, 73-8; H, 7-0; As, 19-2%) also was prepared from AsCl,; yield, 
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12 g. It has b. p. 281°/10 mm.; dj 1-1545. Its methiodide (Found: I, 
23-8. CysHgglAs requires I, 23-83%), needles, has m. p. 115°; its metho- 
mercuri-iodide (Found: I, 38-8; Hg, 20-5. C,,H,,[As,HglI, requires I, 38-6; 
Hg, 20°3%), yellow needles, m. p. 90°; its dibromide (Found: Br, 29-3. 
C,,H,;Br,As requires Br, 29-1%) white plates from ether, m. p. 117°. 

From the products of the interaction of B-naphthylmagnesium bromide 
with AsMe,I, B-naphthyldimethylarsine (Found: C, 61-7; H, 5-7; As, 32:5. 
C,,H,,;As requires C, 62-0; H, 5-6; As, 32- 3% 4) is 3 as a liquid, b. p. 
177°/10 mm.; d}° 1-2995; n° 16731; nn? 16502; 1 * 16407. The meth- 
iodide (Found: I, 34:2. C,,H,,¢IAs requires I, 33-9%), fibrous crystals, has 
m. p. 251° (decomp.); the methomercuri-iodide (Found: I, 46-5; Hg, 24-5. 
C,,;H,,[As,Hgl, requires I, 46-0; Hg, 24-2%) forms yellow needles, m. p. 154°. 

Ethyldialkylarsines.—These compounds were prepared, similarly to the 
methylarsines, from AsEtI, (McKenzie and Wood, J., 1920, 117, 408), which 
was redistilled before use (b. p. 160°/50 mm.). 

Ethyldi-n-butylarsine (Found: C, 54:7; H, 10-6; As, 34:6. C,)H.3As 
requires C, 55-0; H, 10-6; As, 34:4%), yield, 24 g., has b. p. 93°/10 mm., 
120°/34 mm.; dj? 0-9970; n}”’ 14801; n?” 1-4730; n° 1-4699. Its aerial 
oxidation gives the oxide (Found: As, 32-2. C, 9H,,;OAs requires As, 32-0%), 
which after recrystn. forms plates, m. p. 133°. The methiodide (Found: I, 
35:2. C,,H,,[As requires I, 35-2%) crystallises as needles, m. p. 168°. 

When added to n-amylmagnesium bromide, AsEtI, gives ethyldi-n-amyl- 
arsine (Found: C, 58-7; H, 11-1; As, 30-5. C,,H,,As requires C, 58-5; H, 
11-1; As, 30-5%), yield, 28 g.; b. p. 119°/10 mm., 152°/39 mm.; d?" 0-9886. 
The oxide (Found: As, 28-5. C,,H,,OAs requires As, 28-6%) forms plates, 
m. p. 74°. 

There were also prepared dicyclohexylethylarsine (Found : C, 61-6; H, 10-0; 
As, 27-7. C,,H,,As requires C, 62-2; H, 10-1; As, 27-7%), yield 15 g., b. p. 
161°/10 mm., 183°/23 mm.; and the methiodide (Found : I, 30-8. C,H IAs 
requires I, 30-8%), needles, m. p. 135°. 

n-Butyldialkylarsines.—Prepared from purified n- seahiahligniaetn (Quick 
and Adams, J. Amer. Chem. Soc., 1922, 44, 805), diethyl-n-butylarsine (Found : 
C, 50-7; H, 10-1; As, 39-3. C,H,,As requires C, 50-5; H, 10- a As, 39- 4%) 
has b. p. 64°/10 mm., 97°/48 mm.; d2° 1-0193; ni}? 1-4837; nj’ 1-4752; n? 
14717; yield, 23 g. The owide (ound : As, 36-4. Py requires As, 
36-4%) forms feathery crystals, m. p. 103°; the methiodide (Found : I, 38-2. 
C,H,,1[As requires I, 38-2%), needles, m. p. 128°. 

Di-n-propyl-n-butylarsine (Found: C, 55°0; H, 10-6; As, 34-0. C, 9H,3;As 
requires C, 55-0; H, 10-6; As, 34-4%) has b. p. 88°/10 mm., 117°/36 mm. ; 
d® 0-9945; n 1-4812; ni’ 1-4731; n° 1-4697; yield, 23 g. The owide 
(Found: As, 31-9. C,,H,,;0As requires As, 32-0%) forms plates, m. p. 106°; 
the methiodide (Found : I, 35-5. C,,H,,IAs requires I, 35-3%) needles, m. p. 
190°; the ethiodide (Found : I, 34-3. C,,H,,IAs requires I, 33-90%) needles, 
m, p. 192°. 

Phenyldialkylarsines.—AsPhCl, (Morgan and Vining, J., 1920, 117, 780) 
reacts with n-propyl- and n-amyl-magnesium bromide to give phenyldi-n- 
propylarsine (Found: C, 60-5; H, 7-9. C,,H,,As requires C, 60-5; H, 8-0%) 
and phenyldi-n-amylarsine (Found: As, 25-9. C,¢H,,As requires As, 25-5%) 
respectively. The former has b. p. 125°/10 mm., 141°/19 mm.; d}’ 1-1078; 
my 1-5695; n®” 1-5463; n™®° 1-5409; the latter has b. p. 174°/10 mm., 
186°/16 mm. 

4&2 
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Diphenylalkylarsines.—W ith n-propylmagnesium bromide, AsPh,Cl (Morgan 
and Vining, loc. cit.) gives diphenyl-n-propylarsine (Found: C, 66-3; H, 6-2; 
As, 27-5. C,,H,,As requires OC, 66-2; H, 6-3; As, 275%); yield, 20 g.; 
b. p. 177°/10 mm.; d%" 1-1964; n¥” 1-6220; n?” 1-6054; n2” 1-5986. The 
mercurichloride (Found: Hg, 36-7. C,;H,,As,HgCl, requires Hg, 36-9%) 
forms prisms, m. p. 152°. Diphenylmethyl-n-propylarsoniwm iodide (Found : 
I, 31-0. O,,H. IAs requires I, 30-7%), on recryst. from H,O, separates as 
needles, m. p. 153°. 

There is similarly obtained diphenyl-n-butylarsine (Found: C, 66-7; H, 
6-4; As, 26-0. C,,H, As requires C, 67-1; H, 6-7; As, 26-2%); yield, 6 g.; 
b. p. 183°/10 mm., 197°/17 mm. Its methiodide (Found: I, 28-9. © ,,;H,,TAs 
requires I, 29-6%) has m. p. 140°. 

Diphenylisobutylarsine (Found: C, 67-1; H, 6-7; As, 26:2%) has b. p. 
185°/10 mm.; d%” 1-1819; yield, 15 g. The hydroxybromide [Found: Br, 
21-1. C,,H,,As(OH)Br requires Br, 20-9%] crystallised as needles, m. p. 
116°, from acetone; the methiodide (Found: I, 29-9%) forms hexagonal 
plates, m. p. 152°, from aq. EtOH. 

Diphenyl-n-amylarsine (Found: C, 67:2; H, 7-0; As, 24:8. C,,H,,As 
requires C, 68-0; H, 7-1; As, 249%) has b. p. 194°/10 mm., d?” 1-1617; 
ny” 1-5993; n?” 15846; n2” 1-5786. Diphenyl-dl-amylarsine (Found: As, 
25-0%) boils at 195°/10 mm.; 4%" 1-1624. Yields of both, 10 g. 


Saturated Vapour Pressures, Molecular Volumes, and Refractwwities 
of Tertiary Arsines. 

The following table incorporates results obtained by the authors, 
and by previous investigators, of whom the chief have been Landolt 
(Annalen, 1854, 54, 301); Winmill (J., 1912, 104, 718); Turner, 
Burrows, Roberts, and Bury (J., 1920, 117, 1378; 1921, 119, 426; 
1926, 1443); Steinkopf, Schwen, Donat, and Jaeger (Ber., 1921, 54, 
1437; 1922, 55, 2597); Mills and Raper (J., 1925, 127, 2479); 
Gryszkiewicz-Trochimowski, Zambrzycki, and Sikorski (Rocz. Chem., 
1926, 6, 794; 1927, 7, 54; 1928, 8, 250; Bull. Soc. chim., 1927, 41, 
1570). 

As will be seen from the table, for arylarsines containing one or 
more complete benzene rings in the molecule, the mol. vol. at 20°, 
Veo, is approx. given by the equation, Vy). = 50-50 + 63-72r + 
16-128c, wherein r denotes the number of such rings, and c the 
number of additional C atoms in saturated alkyl groups, For 
instance, tri-8-phenylethylarsine contains 3 rings and 6 additional 
C atoms, whence the calc. value of d2” is 1-:1528 (obs., 1-1546). 
For aliphatic arsines containing 3 saturated alkyl groups, including 
cases where such groups are iso, the mol. vol. is given by Vo. = 
57-26 + 16-128C, wherein C denotes the total number of carbon 
atoms in the mol. 

The b. p./10 mm., ¢49 mm, Of an arsine containing 3 n-alkyl groups 
is approx. given by tig mm. = 18-30M° > — 273-1, where M denotes 
the mol. wt. of the arsine. If 1 phenyl group and 2 n-alkyl groups 
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Arsine. 


Tri-n-butyl 54) Wo 0b) bietiield 


Tri-n-heptyl ............4.. 
Trim-octy] ....453...00000 


Tritsoamy] .......00eceeee 


EMGOMDEYL ¢.ccccupcccsces 
Dimethylethyl] :........... 
Dimethyl-n-propy] ...... 
Methyldi-n-propyl ...... 
Methyldi-n-butyl ...... 
Methyldi-n-amy] ......... 
Methyldi-n-hexy! ...... 
Methyldiisobutyl ...... 
Diethyl-n-butyl | ......... 
Ethyldi-n-propyl ...... 
Bthyldi-n butyl phaahoabe 
Ethyldi-n-amyl ......... 
Di-n-propyl-n-butyl 
Dicyclohexylmethyl] 
Dicyclohexylethyl ...... 
BRADY] 2 isch doceh seers cece 
Phenyldimethyl] ......... 
Phenyldiethyl ............ 
Phenyldi-n-propy] ...... 
Phenyldi-n-amyl ......... 
Phenylmethylethyl...... 
Phenylmethyl-n-propyl 
Phenylethyl-n-propy]... 
p-Tolylmethylethyt me. 
Diphenylmethyl ......... 
Diphenylethy]l .........:.. 
Diphenyl-n-propy] ...... 
Diphenyl-n-butyl ...... 
Diphenyl-n-amyl_ ...... 
Diphenyl-dl-amy] ...... 
Diphenylisobutyl ...... 
o-Tolyldimethy] ......... 
m-Tolyldimethy] ......... 
p-Tolyldimethy] ......... 
p-Tolyldiethyl ............ 
Di-o-tolylmethy] ......... 
Di-p-tolylmethy] ......... 
Benzyldimethy] ......... 
ay three venmiag 
m-Xylyldimethyl 
p-Xylyldimethy] ......... 
gy emer rears e 
i-8-phenylethylmethy] 
Tri-f-phenylethyl 2 NAS so 
a-Naphthyldimethyl .. 
§-Naphthyldimethy] ... 
* See p. 2292. 


t Gryszkiewicz-Trochimowski and Sikorski (Bull. 
1574) give 69-80, 68-21, and 67-58, respectively. 


Mol. vol., 
B. p./10 mm. _. c.c. at 20°. 
Found. Cale. Found. Calc. 
—30° —12° 1066 105-6 
+36 +35 1412 154-0 
75 77 1985 202-4 
116 116 247-6 250-8 
150 151 294-1 299-2 
181 184 341-0 347-6 
202 216 390-3 395-9 
243 246 443-2 444-3 
94 — 255:3 250-8 
135 — 299'8 299-2 
142 — 3016 299-2 
175 — 352-8 347-6 
—§ + 4 122-0 121-8 
+18 +20 1448 137-9 
42 50 170-1 170-2 
77 77 203°6 202-4 
104. 103 236-6 234-7 
134 128 269-2 266-9 
57 — 203-8 202-4 
64 64. 186-3 1863 
58 64 — —- 
93 90 2188 218-5 
119 115 249-0 250-8 
88 90. 2193 218-5 
136 — 229-7 — 
161 — _- Ss 
76 — 179-9 _—- 
80 87 — — 
106 103 —- _— 
125 127 . 214-9 211-0 
174 172 — —— 
92 90 — — 
102 103 — — 
114 115 — — 
108 -—— — = 
157 155 192-0 194-1 
163 165 — — 
177 175 227-4 226-3 
183 184 — mo 
194 194 2584 258-6 
195 — 258-2 258-6 
185 — 242-1 242-4 
93 — 163-4 162-6 
88 — 1646 162-6 
95 — — — 
118 —_ — — 
175 — — 
174 — 226-5 226-3 
115 — — — 
185 — 224-8 226-3 
101 — 176-1 178-7 
120 — 176-6 178-7 
103 — 180:7 178-7 
212 _— 260-3 258-6 
281 — 837-9 338-4 
157 — — —_ 
177 — 178-5 — 
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[Rz]a, found, 


F. 


43-18 
57-08 
70-83 
84-21 
98-16 
111-63 
126-27 
71-67* 
85-19* 
85-71* 
99-72* 


80-29 


80-33 
58-55 
58-88 
58-74 
88-87 


66-94 


D. 


42-47 
55-83 
69-81 
83-06 
96-87 
110-04 
124-68 
70-66* 
84-03* 
84-52* 
98-42* 


bbl d | 


8* 


~] 
or 
w 


52+52* 
61-37* 


61-54* 
70-96* 


55-55 
47-25 
57-72 
68-08 


78-51 
78-53 
57-36 
57-68 
57-63 
87-15 


65-14 


Cc. 
42-20 
55-50 
69-42 
82-61 
96-44 

109-48 

124-02 
70-24* 
83+55* 
84-02* 
97-88* 


Ll dt 


74-97" 
52-19* 
61-03* 


61-15* 
70-56" 


65-04 
46-80 
57-24 
67-52 


Ltt] 


67-58 
72:45 
77-64 


85-82 


53-09 
53-11 


77-77 
77-78 
56-87 
57-19 
57/16 
86-45 


64-39 


Soc. chim., 1927, 41, 
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are present, the relationship becomes t19 am. = 25°96M°™ — 273-1, 
and if 2 phenyl groups and 1 n-alkyl, t19 mm, = 43°90 M°" — 273-1. 
These relationships are of the type proposed by Walker (J., 1894, 
65, 193). The extent of agreement of b. p.’s thus calculated with 
those observed is indicated in the table. 

For pressures from 5 mm. to 50 mm., a range which includes 
pressures usual in the distillation of organic arsines, the saturated 
Vv. p., p mm., of tri-n-amylarsine is related to temp., t°, by the 
equation, 8-6780 — log,)p = 3256-1/(t + 273-1). This equation 
permits of the calculation of b. p.’s of arsines under pressures 
other than 10 mm., by the assumption that the ratio of the abs. 
b. p.’s of two arsines under one press. is equal to that under another. 
For instance, taking tri-n-amylarsine as a standard of reference, 
the calc. b. p.’s are 151°/10 mm., 184°/36 mm., 164°/17 mm., and 
167°/19 mm., whilst the b. p.’s/10 mm., ty9 mm, of di-n-propyl-n- 
butyl-, diphenyl-n-butyl-, and phenyldi-n-propyl-arsine given by 
the previous equations are 90°, 184°, and 127° respectively; whence 
are calculated, as indicated, the following b. p.’s; di-n-propyl-n- 
butylarsine, 118°/36 mm. (obs., 117°); diphenyl-n-butylarsine, 198°/ 
17 mm. (obs., 197°); phenyldi-n-propylarsine, 142°/19 mm. (obs., 
141°). 

Comparison of the b. p. of an isoalkylarsine with that of the 
corresponding n-alkyl compound shows that, in general, branching 
of the carbon chain confers increased volatility, although the 
influence becomes less marked with increased mol. wt. and with 
the presence of aryl groups. 

The general effect of increased mol. wt. in lowering volatility 
and density in the case of arsines is obvious throughout the table, 
and although good agreement is usually found between the results 
of direct determinations and the values calculated by the relation- 
ships here given, yet the lowest members of the homologous series 
show the greatest discrepancies. 

The values of [R,] asterisked in the table include all the non- 
exaltative systems-investigated in the present work, and, after the 
deduction from them of the values of the atomic refractivity of C 
and H (Eisenlohr, Z. physikal. Chem., 1910, 75, 585) there are left 
consistent values for the atomic refractivity of arsenic in these 
compounds, of which the following are the mean: for F, 12-30; 
for D, 11-96; for C, 11-83. 

As Gryszkiewicz-Trochimowski and Sikorski (Bull. Soc. chim., 
1927, 41, 1570) have already indicated, the presence of aryl groups, 
in general, causes optical exaltation, and this constitutive effect 
precludes the inclusion of calculated values of mol. refractivity i 
the above table. 
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In conclusion, it has to be pointed out that the regularities 
indicated in the present work do not extend to cacodyls or to 
arsepidines. 


The authors are indebted to the Chemical Society for grants. 


UNIVERSITY COLLEGE, CARDIFF. [ Received, May 25th, 1932.] 





326. Hxperiments on the Synthesis of Anthocyanins. 
Part XV. A Synthesis of Hirsutin Chloride. 


By Rosert Rostnson and A. R. Topp. 


in 1927 Karrer and Widmer (Helv. Chim. Acta, 10, 758) encountered 
a new diglucoside of a delphinidin trimethyl ether in the flowers of 
Primula hirsuta and found that the related anthocyanidin could be 
oxidised to syringic acid. Hirsutidin was thus recognised as 5- or 
7-O-methylmalvidin. These anthocyanidins, as well as 3-O-methy]- 
malvidin, were synthesised (Bradley, Robinson, and Schwarzenbach, 
J., 1930, 793) and it transpired that hirsutidin is the 7 : 3’ : 5’-tri- 
methyl ether of delphinidin. 

Hirsutin itself was then clearly a 3-bioside, 5-bioside, or 3 : 5-di- 
glucoside of hirsutidin, the phenolic hydroxy! at position 4’ being 
excluded as a possible position of attachment of a sugar residue by 
analogy with other anthocyanins, by the fact that hirsutin gives a 
violet colour-base, and by the formation of syringic acid from hirsut- 
one by hydrolysis with alkalis (Karrer and Widmer, loc. cit.). 
Hirsutone, Cy gH,,0j9, is a characteristic product derived from 
hirsutin by the action of hydrogen peroxide; its composition is 
that of hirsutin pseudo-base plus one atom of oxygen and thus no 
sugar residue is detached in the oxidation process. 

Hirsutidin 5-8-lactoside (Levy and Robinson, J., 1931, 2738) does 
not resemble hirsutin very closely. The 3-bioside formula was put 
forward by Karrer and Widmer as a probable representation of the 
constitution of hirsutin and in order to test this view we synthesised 
hirsutidin 3--glucoside (I; R =H) by combining the methods of 
the synthesis of cenin (Levy, Posternack, and Robinson, J., 1931, 
2701) and of hirsutidin (loc. cit.). The reactions of this mono- 
glucoside are not similar to those of hirsutin. 

The 3: 5-diglucoside possibility remained and the view that 
hirsutin chloride has the formula (I; R = C,H,,0;) was attractive 
in that it brought this anthocyanin into line with pelargonin, cyanin, 
and malvin (see Parts VII—XII of this series), The synthesis of 
the anthocyanin, the first to be recorded of a naturally occurring 
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diglucoside of this group, has confirmed the correctness of these 
deductions. 
The synthesis proceeds in accordance with the scheme : 


OMe 


WY ies iar ay 


(Ac0),C HO bc (H,0( nt Oe 
-> (AcO),CgH,0, 
64 


Og 


MeO nS 
u7 orale Me %4. Hor HOt 


C,H,,0;° *C,H,,0; i «H Pay 
(lL; R = C,H,,0,) 


The synthetical product was identical in all respects with a 
specimen of hirsutin chloride which was provided by Professor P. 
Karrer, to whom we are greatly indebted. 

Hirsutin is unique among anthocyanins in that it contains but a 
single phenolic hydroxyl group; it thus yields a violet colour-base 
(II) but no blue alkali-salt of this quinone. This example shows 
that in the anthocyanin series the quinonoid group per se does not lead 
to the development of pure blue colorations with alkalis; a salt- 
forming auxochromic group is necessary in addition. This occurs, 
for example, in malvin, the formula (III) representing the condition 
of the substance in the blue solutions. 


OMe OMe 


MeO ® =< m9. Oe: a 


C,H,,0;° «H,,0; | «H,,0; 
(II.) (III.) 





dry HOl 


The probable explanation is that the charge of the anion in (III) 
is shared by the oxygen atoms in positions 7 and 4’, the circumstances 
being entirely analogous to those of the carboxylic ion. The groups 
(C = O) and (O-) in (CO-,) are here separated by five ethenoid units 
and the transmission of the charge involves the electromeric changes 


x Xx 
C0800 00050 
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EXPERIMENTAL. 


3 : 5-Di-(O-tetra-acetyl-B-glucosidoxy)-4’ - acetoxy -'7 : 3’ : 5’ - trimethoxyflavylium 
Chloride.—A solution of 2-0-tetra-acetyl-8-glucosidyl-4-O-methylphloroglucin- 
aldehyde (2-3 g.) (Karrer, Lichtenstein, and Helfenstein, Helv. Chim. Acta, 
1929, 12, 991) and w-O-tetra-acetyl-B-glucosidoxy-4-acetoxy-3 : 5-dimethoxy- 
acetophenone (2-8 g.) (Levy, Posternack, and Robinson, J., 1931, 2710) in 
dry AcOEt (40 c.c.) was saturated at 0° with dry HCl; it became deep red 
within 1 hr. and was kept at 0° for 48 hrs. Dry Et,O (600 c.c.) then pptd. a 
dark red powder, which was washed with Et,O and dried (yield, 2-4 g. or 48%). 

The substance sintered at 75° and decomposed at 125—128°; it dissolved in 
MeOH to a reddish-violet solution, which changed to a fine blue on addition 
of a drop of Na,CO, aq., the original colour being restored on acidification. 
This behaviour suggests that the substance has lost the acetyl group in the 
4’-position. The analytical data (Found: C, 51-9; H, 5:1; Cl, 3-5; MeO, 
88%) indicate de-acetylation and hydration. 

Hirsutin Chloride (I; R = C,H,,0,).—The above flavylium salt (2-3 g.) dis- 
solved in cold 10% NaOH aq. (20 c.c.) to a greenish-brown solution, which 
was kept under H for 14 hrs. 20% HCl aq. (15-5 c.c.) was then added and the 
2% acid solution thus obtained was warmed to 60° to complete formation 
of the pyrylium salt and allowed to cool. After 24 hrs. the deep red-violet 
solution deposited a felted mass of deep red needles with a dark green metallic 
lustre (1-6 g.). Crystn. of the crude chloride (1-1 g.) is sometimes attended 
with considerable difficulty and the best results were obtained when it was 
dissolved in hot 1% HCl aq. (13 c.c.), and 5% methyl-alce. HCl (7 c.c.) added. 
On cooling, the solution was filled with a mass of felted needles (0-9 g.) (Found 
in material dried in a desiccator over H,SO,: C, 46-4; H, 6-0; Cl, 4-7; MeO, 
11-7; loss at 110°, 10-0. C,,H,,0,,Cl,4H,0 requires OC, 46-4; H, 5-8; Cl, 
46; 3MeO, 12-0; 4H,O, 9-3%). The material dried at 110° in a high vac. 
over P,O, gave figures [Found: C, 51:8; H, 5-4; Cl, 4:3; MeO, 12-8. 
CyH;,0,,Cl (M, 705) requires C, 51-1; H, 5-3; Cl, 5-0; 3MeO, 13-1%] which 
indicated some loss of HCl on heating. The value C, 51-75 gives M, 696, 80 
that the discrepancy is 8-5 units, corresponding to a loss of 24% of the Cl 
contained in the hydrated salt. The obs. and the calc, values for the per- 
centage of Cl give the loss of Clas 15:2%. Assuming that the loss is 19%, the 
calc, values are C, 51-7; H, 5-3; Cl, 4:1; 3MeO, 13-3; total loss on drying, 
10:2%, in good agreement with experimental results already cited. 

The salt had m. p. 150—153° (decomp.) after sintering at about 145°. 
In all superficial respects its properties were not to be distinguished from those 
of the specimen of natural origin and these include the appearance in mass, 
deep brown-violet with weak lustre, the reddish-violet smear on paper, the 
violet-tinged deep red solutions in MeOH, the more orange-red solutions in 
hot dil. HCl aq. (still much bluer-red than cyanin solutions), the appearance 
of the crystals in suspension and under the microscope (short, very slender, 
opaque needles, deep violet by reflected light), the sparing solubility even in 
very dil, HCl aq. and the rate of dissolution on heating, the power of crystn., 
and a large number of colour reactions and conditions of formation of the 
pseudo-base. 

The colour reactions are quite characteristic; AcONa or Na,CO, added to 
an acid solution gives a reddish-violet coloration due to the colour-base (IL) 
and in the former case the solution is rapidly decolorised; Na,CO, also causes 
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pseudo-base formation, but the solution subsequently becomes greenish-yellow. 
The action of NaOH is to give momentarily a violet colour, rapidly changing 
to yellowish-green. In all cases the pyrylium salt can be reconstituted by the 
addition of HCl. The distribution number (isoamyl! alcohol) appears to be 
almost zero, but the pigment is extracted to a small extent from its aq. 
solution by n-butyl alcohol. 

Standard Method for the Determination of the Distribution Ratio (n-Butyl 
Alcohol) in the Case of Diglycosidic Anthocyanins.—Pure n-butyl alcohol 
(1150 c.c., b. p. 116-5°) was shaken (20°) with 0-5% HCl aq. (230 c.c.), the 
aq. layer removed, and the liquid shaken with a further quantity (115 c.c.) 
of the 0-5% acid (aq. layer, 127 c.c., discarded); 0-5% HCl aq. (1000 c.c.) was 
shaken with the prepared butyl alcohol (250 c.c.) and the layers were separated, 
the butyl alcohol being returned to the stock of prepared solvent. Finally, 
equal vols. of the prepared butyl alcohol and prepared 0-5%, HCl aq. were shaken 
together and the separated and filtered solutions were then employed. 

A weighed sample of the anthocyanin (about 3-0 mg.) was shaken with 
25 c.c. of each solution until completely dissolved; the liquids were then 
separated and the upper layer was filtered. The aq. layer (5-0 c.c., carefully 
measured from a burette) was mixed with the prepared butyl alcohol (10 c.c.) 
and made up to 25 c.c. by means of EtOH (containing 1 c.c. of cone. HCl aq. 
in 11.); similarly the butyl-alc. layer (10 c.c.) was mixed with prepared 0-5% 
HCl aq. (5 c.c.) and made up to 25 ¢.c. by means of acidified EtOH. If the 
length (mm.) of a column of the first solution matching one of 50 mm. of the 
second solution is /, the distribution number is 1001/(100 +- 1). In this way 
the distribution number (butyl! alcohol) for natural hirsutin chloride was found 
to be 11-4; 11-3, and for the synthetic diglucoside, 11-3; 11-3. 

Absorption in the Visible Region (see Fig.).—The observations were made with 
solutions of the anthocyanins (1-30 mg.) in 0-1% methyl-ale. HCl (100 e.c.) 
and no significant divergences between the natural and the synthetic speci- 
mens were noted. 

3-B-Glucosidylhirsutidin Chloride (I; R = H).—A solution of 2-O-benzoyl- 
4-O-methylphloroglucinaldehyde (0-9 g.) (Bradley, Robinson, and Schwarzen- 
bach, loc. cit.; Levy and Robinson, J., 1931, 2738) and w-O-tetra-acetyl-f- 
glucosidoxy-4-acetoxy-3 : 5-dimethoxyacetophenone (2:2 g.) in dry AcOEt 
(25 c.c.) was saturated at 0° with HCl and kept for 48 hrs. at 0°, and the dark 
red product pptd. by Et,0 (500 c.c.), washed with Et,O, and dried in a desie- 
cator (yield, 0-7 g. or 33%) (Found: C, 57-4; H, 49; Cl, 3:5; MeO, 12:3, 
12-7. C,,H,,0,,Cl requires C, 57-4; H, 4-8; Cl, 4-1; 3MeO, 10-99%). The 
analyses indicate partial loss of acetyl groups and HCl with compensating 
hydration. 

The crude acetylated flavylium salt glucoside (0-65 g.) slowly dissolved in 
8% NaOH aq. (6 c.c.) under H and after 3 hrs. 20% HCl aq. (3-28 c.c.) was 
added to the dark greenish liquid. The red flavylium salt was produced and 
the reaction was completed by heating to 60°; on cooling and keeping for 
12 hrs., the glucoside mixed with benzoic acid separated and the solids were 
washed with 2% HCl aq., dried, washed with Et,O, and again dried (0-35 g.). 
The small, hard, cryst. aggregates had a fine bronze lustre and gave a bluish- 
violet smear on porcelain; for recrystn. it was found best to dissolve the 
material in 1% methyl-ale. HCl (12 ¢.c.) and ppt. it with Et,0. The 
amorphous salt could then be quickly dissolved in hot 1% methyl-ale. HCl 
(6 c.c.), and the cone. of HCl increased to 5% in the cold filtered solution, On 
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keeping, the chloride separated in bronze leaflets and prisms with a striking 
lustre (0-2 g.) (Found: C, 50-7; H, 5-3; Cl, 6-8; MeO, 16-2; loss at 110°, 
46, 3-7, 7:2. CysH,,O,,Cl,1-5H,O requires C, 50-6; H, 5-3; Cl, 6-2; 3MeO, 
16-3; 1-5H,O, 4-7%. Found in material dried at 110° in a high vac. over 
P,0,: C, 53-3; H, 5-1; Cl, 6-4; MeO, 16-8. C,,H,,0,,Cl requires C, 53-1; 
H, 5-0; Cl, 6-5; 3MeO, 17-1%). The solution in Na,CO, aq. is dichroic, being 
blue in thin layers and violet in thick layers; on keeping, the solution becomes 
green: the same changes occur more rapidly on the addition of NaOH aq. 
AcONa added to an acid aq. solution develops a reddish-violet coloration and 
on standing the colourless pseudo-base is produced ; recovery of the flavylium 
salt on acidification with HCl is quantitative. 
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The distribution number (equilibrated isoamy] alcohol and 0-5% HCl aq.) 
(5-005 mg. in 50 c.c. of the mixed solvents) was 9-1. (Enin chloride at this 
cone. (5-007 mg.) had distribution number 10-1 (Levy and Robinson, J., 1931, 
2720). 

In the colour of its acid solutions, general appearance, and in many other 
properties, the new glucoside resembles cenin chloride, of which it is a methyl 
ether. 

Colour Reactions in a Range of Buffered Solutions of Definite py and Notes on 
Co-pigments.—Under the conditions prescribed by Robertson and Robinson 
(Biochem. J., 1929, 28, 35) the natural and the synthetic specimens of hirsutin 
chloride gave identical results: (1) Rose, almost decolorised in 30 secs.; (3) 
reddish-violet, fading rapidly to a colourless solution; (5) rich violet, fading 
but less rapidly, becomes redder and is almost colourless after 2 mins.; (7), 
(9), (11) rich violet, (11) fades to a pale violet, (7) fades much less rapidly, 
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(9) is the most stable; (13) violet, fading to pale blue in 5 mins. ; (15) violet, 
at once becoming pale blue and then more slowly becoming greenish-blue, 
greenish-yellow, and colourless in 5 mins.; later a yellow coloration develops. 

After about 10 mins. (11), (13), (15) are respectively pale violet, pale blue, 
pale yellow. 

After 24 hrs.: (1) just perceptible pink; (3), (5), (7), (9), (11) colourless; 
(13) greenish-yellow; (15) yellow. Addition of conc. HCl aq. restores the red 
coloration due to hirsutin chloride in all cases; this is quite characteristic 
behaviour, since in the case of most anthocyanins the pigment suffers destruc- 
tion in the more alkaline solutions employed in these tests. 

The methyl-alc. solutions of the natural and the synthetic colouring matter 
were diluted and on the addition of FeCl, a stable orange coloration was 
produced in both cases; this faded very slowly and was intense after 24 hrs. 

The colour of solutions of hirsutin chloride in dil. HCl aq. is deepened and 
rendered bluer in shade by the addition of many substances (co-pigments : 
compare Willstaétter and Zollinger, Annalen, 1916, 412, 195; Robinson and 
Robinson, Biochem. J., 1931, 25, 1687). Thus tannin, 2-hydroxyxanthone 
glucoside, rutin, quercitrin, vanillin, and quinaldine have been found to 
exhibit the phenomenon in a similar fashion with the natural and the synthetic 
specimen. Tannin and quercitrin appear to exert the most powerful action 
and if an acid solution of hirsutin chloride is boiled and quercitrin added there 
is little change of colour; on cooling, however, the colour becomes much 
deeper and changes to a rich violet. The colour is the same as that of acid 
aq. extracts of deep purple violas and the alternation between red and purple 
which can be effected by heating and cooling is similar to that observed in the 
hirsutin—quercitrin solutions. 

There is little doubt that the phenomena are basically identical and that the 
solutions from the violas contain a violanin—flavonol glycoside complex. 

On addition of AcONa to the natural and the synthetic co-pigmented 
hirsutin solutions, the colorations observed were deeper and bluer than that 
from hirsutin itself. Especially in the presence of tannin, hirsutin gives 4 
deep violet-blue opalescence and coloration with AcONa in dil. solution; 
the rate of formation of pseudo-base is also greatly diminished. A flower 
colour based on birsutin might therefore have a much bluer tone than can 
be obtained with the pure hirsutin colour-base. The phenomenon accounts 
for the fact that at certain values of py, the violet solutions of hirsutin become 
bluer, and doubtless the blue shade is due to a combination of the colour-base 
with decomposition products of the phenolic ketone class. 

Hirsutidin 3-f-glucoside chloride gave the following: (1) Rose-red, fading 
but much less rapidly than in the case of hirsutin; (3) cherry-red, fading 
rapidly and colourless in 30 secs.; (5) reddish-violet, more intense than (3), 
fading in the course of 5 mins.; (7) blue-violet, fading slowly; (9) stable 
royal-blue; (11) similar; (13) similar, fading but more slowly than (7); (15) 
initially royal-blue, rapidly fading to pale blue, pale green and finally yellow. 
After 24 hrs.: (1) rose; (3), (5), (7) colourless; (9) pale blue; (11) cornflower- 
blue; (13) greenish-yellow; (15) yellow. 

On addition of cone. HCl aq., recovery of anthocyanin occurred in (1), 
(3), (5), (7), and (9); (11) showed some loss of pigment, (13) was very weakly 
coloured, (15) was colourless. 

The colour of the acid solutions of the monoglucoside is deepened and 
rendered bluer by the addition of the co-pigments mentioned above. In 
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this respect its behaviour was found to be closely parallel to that of nin 
chloride. It may be noted that as cenin, malvin, and hirsutin occur in 
various Primule, it seems very probable that this monoglucoside, which 
bears the relation to hirsutin that cenin bears to malvin, will be found 
ultimately in some species of the same genus; a search is in progress. 


The authors thank the Royal Commissioners for the Exhibition of 1851 for 
a Senior Studentship awarded to one of them, and Imperial Chemical Industries 
Limited for grants. 
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327. Experiments on the Synthesis of Anthocyanins. 
Part XVI. A Synthesis of Malvin Chloride.- 


By Rosert Rosryson and A. R. Topp. 


TxE hypothesis that the diglucosidic anthocyanins pelargonin, 
eyanin, peonin, malvin and hirsutin are 3: 5-diglucosides of the 
respective anthocyanidins was put forward in Parts VI—XIII 
(J., 1931, 2665—-2742) and it has been amply justified in the case 
of hirsutin by the synthesis recorded in the preceding paper. The 
extension of synthetical confirmation of our view of their molecular 
structure to other anthocyanins could not be satisfactorily effected 
until an improved method had been worked out for the preparation 
of the 2-glucoside of phloroglucinaldehyde. After numerous trials 
of more indirect methods, which were uniformly unsuccessful, we 
eventually isolated a pure 2-O-tetra-acetyl-B-glucosidylphloroglucin- 
aldehyde (I) and 2 : 4-di-(O-tetra-acetyl-8-glucosidyl)phloroglucinalde- 
hyde (II) from the products of interaction of phloroglucinaldehyde, 
tetra-acetyl-«-glucosidyl bromide, and potassium hydroxide in 
aqueous acetonitrile solution. 


- HO NOH (AcO),C,H,0-0/ OH Gy, 


(AcO),C,H,O- (AcO),C,H,O- 

The constitutions assigned to these substances are justified by the 
results obtained on condensing them with suitable second component 
o-hydroxyacetophenones and hydrogen chloride to flavylium salts. 

The acetylated monoglucoside, condensed with w ; 4-dihydroxy- 
acetophenone and hydrogen chloride, yielded ultimately pelar- 
gonenin chloride (III), the constitution of which was demonstrated 
by Leén, Robertson, Robinson, and Seshadri (J., 1931, 2685). 
This method of synthesis constitutes a great improvement on the 
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older process and it will be extended to other 5-monoglucosides of 
anthocyanidins. 


a cl OMe 


Ho’)? < oH mr "> oe... 
avn /\/? Me 


C.H,,0;°0 CH,,0,°0 C,H,,0, 
(III.) (IV.) 

The acetylated diglucoside can be employed for the preparation 
of diglucosidic flavylium salts, the description of which is reserved; 
this fact, however, suffices to establish the formula (II). The 
condensation of the glucoside (I) with w-O-tetra-acetyl-$-glucosid- 
oxy-4-acetoxy-3 : 5-dimethoxyacetophenone (Levy, Posternack, and 
Robinson, J., 1931, 2701) was carried out in the usual manner in 
dry ethy] acetate solution by saturation at 0° with hydrogen chloride 
and a good yield of a partly de-acetylated product was obtained. 

On hydrolysis with aqueous sodium hydroxide and reconstitution 
of the flavylium salt by treatment with hydrochloric acid, a solution 
of a substance having all the properties of malvin chloride was 
obtained, but only a small proportion of the material present in the 
liquid could be induced to crystallise. It appears that the solubility 
of anthocyanins in dilute hydrochloric acid is greatly increased by the 
presence of foreign substances; recrystallisation was very readily 
effected and the product was identified with malvin chloride by a 
careful comparison with a specimen of the pigment of natural origin. 

We are greatly indebted to Professor P. Karrer for the provision 
of this specimen, which was exceptionally pure. 

No divergences in the behaviour of the natural and the synthetic 
colouring matter could be detected and the synthesis (which follows 
the scheme givén in the preceding paper for the analogous case of 
hirsutin) proves that malvin chloride has the constitution (IV) 
proposed in Parts VI—XIII. 

Malvin chloride was first isolated by Willstétter and Mieg 
(Annalen, 1915, 408, 122) from the flowers of Malva sylvestris 
and recognised as a diglucoside of a delphinidin dimethyl ether 
chloride; references to the later developments of the structural 
aspect of the subject will be found in a memoir on the synthesis of 
cenin chloride (malvidin 3-glucoside) (J., 1931, 2701). 

Analytical evidence confirming the view that the glucose residues 
are not contained in a bioside unit is available from the recent work 
of Karrer and de Meuron (Helv. Chim. Acta, 1932, 15, 507), who have 
shown that malvone, a crystalline product of oxidation of malvin 
by means of hydrogen peroxide, yields glucose and syringic acid on 
hydrolysis in alkaline solution. 
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Malvin is probably a widely distributed anthocyanin; it has 
been isolated in substance from the flowers of Primula viscosa by 
Karrer and Widmer (Helv. Chim. Acta, 1927, 10, 22), and an examin- 
ation of flower pigments according to a system described by (Mrs.) 
G.M. Robinson and one of us (Biochem. J., 1931, 25, 1687) has shown 
that a substance having the properties of malvin occurs in species 
of Althaea, Armeria, Clarkia, Dierama, Dodecatheon, Epilobiwm, 
Fuchsia, Geranium, Gladiolus, Lathyrus, Lythrum, Nigella, Petunia, 
Phlox and Silene; during the present season this list is being 
greatly extended. 


EXPERIMENTAL. 


2: 4-Dicarbethoxyphloroglucinaldehyde.—This substance was first obtained 
by Dr. A. Robertson in the course of early attempts to prepare phloroglucin- 
aldehyde-2-glucoside. 5% NaOH aq. (32 c.c.) was added drop-wise with 
constant stirring to a solution of phloroglucinaldehyde (6 g.) and ethyl chloro- 
formate (4 c.c.) in Me,CO (30 c.c.) at 0°, and the mixture was then stirred at 
0° for 30 mins. NaHCO, aq. pptd. a reddish oil, which slowly solidified 
(1-5 g.) after being washed with H,O, and crystallised from aq. MeOH in 
clusters of colourless needles, m. p. 76° (Found: C, 52:7; H, 4:6; OEt, 
30-6. C,,H,,0, requires C, 52-3; H, 4-7; OEt, 30-2%). 

The constitution of this dicarbethoxy-compound is analogous to that of 
0-dibenzoylphloroglucinaldehyde and follows from the fact that it condenses 
with w-hydroxyacetophenone derivatives to give flavylium salts. The yield 
was not improved by increasing the amount of ethyl chloroformate used, as 
this led to the formation of much gummy material. All attempts to obtain 
a monocarbethoxy-derivative were unsuccessful. 

The introduction of a glucose residue into the dicarbethoxy-compound was 
investigated and doubtless succeeds, but the method was abandoned when 
the direct process described below was discovered. The partial hydrolysis 
of O-dibenzoylphloroglucinaldehyde by means of HCl aq. (5% and 10%) in 
Me,CO solution yielded phloroglucinaldehyde only. Attempts to prepare 
4 naphthoylphloroglucinaldehyde and to introduce the triphenylmethyl group 
in various ways were also unsuccessful. 

Glucosidisation of Phloroglucinaldehyde.—A solution of phloroglucinaldehyde 
(9:1 g.) and O-tetra-acetyl-a-glucosidyl bromide (24-9 g.) in acetonitrile (90 
ec.) was cooled in melting ice, and 10% KOH aq. (35 c.c.) added in small 
portions with vigorous shaking, the temp. being kept between 5° and 10°. 
The mixture, which had separated into two layers, was then agitated for 24 
hrs., filtered, and evaporated almost to dryness under diminished pressure on 
the steam-bath. The dark gummy residue was shaken with CHCl, (ca. 300 
¢..); @ portion dissolved to a dark red solution, and the residue was mainly 
unchanged phloroglucinaldehyde (ca. 5 g.) and KBr. The CHCl, solution was 
dried, and the solvent removed in vac. and replaced by Et,O (300 c.c.). After 
filtration from insol. flocculent material, the ethereal extract was shaken twice 
with 5% Na,CO, aq., which removed the monoglucosidic fraction, leaving the 
diglucoside in the ethereal solution (A). 

2-0-Tetra-acetyl-B-glucosidylphloroglucinaldehyde (I).—The Na,CO, extract 
above) was immediately acidified with HCl aq., the gummy ppt. taken up 





2302 ROBINSON AND TODD: EXPERIMENTS ON THE 


in Et,0, the extract washed with H,O and dried, and the solvent distilled. 
The dark red syrup obtained was triturated with a little MeOH; crystn. was 
greatly facilitated by seeding and after being kept in the ice-chest for a day the 
crystals were collected and washed with a little MeOH (yield, 1-6 g.; a further 
0-3 g. separated from the mother-liquor). The substance separated from 80% 
MeOH in small, pale yellow crystals, m. p. 78—80° after sintering at 75° 
(Found: C, 51-3; H, 5-1%). 

Closer examination of these crystals showed that two distinct substances 
were present, but the separation presented some difficulty, as the best solvent 
for erystn. proved to be 80% MeOH, in which both components were easily 
soluble. By repeated fractional crystn. from this solvent we obtained the more 
sparingly sol. constituent in small, hard, faintly yellow prisms which rapidly 
became opaque on exposure to air owing to loss of solvent of crystn. After 
drying in a desiccator it had an indefinite m. p. 77—80°. This material 
retained H,O which was only removed on drying at 100° in a high vac. (Found; 
C, 51-3; H, 5-2; loss at 100° in a high vac., 1-5. C,,H,,0,,,0-5H,O requires 
C, 51-1; H, 5-1; H,O, 18%. Found in anhyd. material: C, 52-1; H, 5-0. 
C,,H,,0,, requires C, 52:1; H, 5-0%). 

The pure substance had [a]!%, — 47-84° in CHCl, (c = 1-442). 2-O-Tetra- 
acetyl-8-glucosidyl-4-O-methylphloroglucinaldehyde has [a]!%,, — 47-52° in 
CHCl, (¢ = 1-494), which indicates that the configurations of the two com- 
pounds are analogous. 

The mother-liquors of the crystn. of the tetra-acetyl glucoside, m. p. 77—80", 
afforded colourless needles, m. p. 109—110°, after drying in a desiccator 
(Found: C, 50-2; H, 53%); this substance, which is obtained in relatively 
small yield, is being collected for more complete examination. 

That the substance, m. p. 77—80°, is indeed 2-0-tetra-acetyl-B-glucosidyl- 
phloroglucinaldehyde was proved by using it to synthesise pelargonenin 
chloride, 

3:7: 4’-Trihydroxy-5-O0-tetra-acetyl-B-glucosidoxyflavylium Chloride. — A 
solution of the above glucoside (0-2 g.) and w : 4-dihydroxyacetophenone (01 
g.) in CHCl,-AcOEt, when saturated with dry HCl at 0°, rapidly became 
reddish-brown and green-fluorescent. It was kept at 0° for 60 hrs., dry 
Et,0 added, and the pptd. flavylium salt washed with Et,0, It formed 
dark red-brown powder with a green reflex (0-22 g.) (Found: C, 52-9; 
H, 49; Cl, 4-9. C,.H,,0,,Cl,H,O requires C, 53-2; H, 4:7; Cl, 5-4%). 

Pelargonenin Chloride (III).—The dark greenish-brown solution of the 
acetylated flavylium ehloride (0-2 g.) in cold 10% NaOH aq. (2 c.c.) was kept 
under H for 90 mins., 20% HCl aq. (1-54 c.c.) added, and the 2% acid solution 
so obtained was warmed to 50° and allowed to cool. Pelargonenin chloride 
soon separated as a mass of small scarlet-red needles, which were recryst. from 
hot 2% HCl aq. (Found in anhyd. material: C, 53-8; H, 4-8; Cl, 7-4. Cale. 
for C,,H,,0,,Cl: C, 53-8; H, 4-5; Cl, 76%). It exhibited all the character- 
istic properties of the anthocyanin. 

2 : 4-Di-(O-tetra-acetyl-B-glucosidyl)phloroglucinaldehyde (II).—When the 
ethereal solution (A, above) was dried and concentrated, the diglucoside 
separated as a white cryst. mass; it was washed with Et,O (yield, 1-6 g.) and 
recrystallised from EtOH, forming a mass of very fine matted needles, m. p- 
194—195°, [a]}%, — 52-5° in CHCl, (¢ = 1-466) (Found; C, 51-6; H, 53. 
CysH,,0,, requires C, 51-6; H, 5:2%). The compound condenses with 
w : 3: 4-triacetoxyacetophenone in presence of HCl to a product which 
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fitnishes a diglucosidic flavylium salt on hydrolysis. The properties of this 
eyanidin diglucoside will be described later. 

1: 4’ - Dihydroxy -3 : 5-di-B-glucosidyl -3’ : 5’-dimethoxyflavylium Chloride 
(Malvin Chloride) (IV).—A solution of 2-0-tetra-acetyl-B-glucosidylphloro- 
glucinaldehyde (1-8 g.) and w-O-tetra-acetyl-f-glucosidoxy-4-acetoxy-3 : 5- 
dimethoxyacetophenone (2-37 g.) in dry AcOEt (32 ¢.c.) was saturated with 
dry HCl, and kept for 3 days, at 0°, dry Et,O (500 c.c.) then added, and the 
bright red ppt. washed with Et,0 and dried (2-6 g.) (Found: C, 51-2; 
H, 5-4; Cl, 2-3; MeO, 6-5. The fully acetylated compound, C,,H,,0,,Cl, 
requires C, 52-8; H, 5-0; Cl, 3-3; 2MeO, 5-8%. These figures indicate 
that partial de-acetylation has occurred and that HCl was lost on dry- 
ing, @ behaviour which is characteristic of several anthocyanins both natural 
and synthetic. If the compound obtained above were a hexa-acetate, 
0,,H,,0,,;C1,2H,O, which lost its H,O of crystn. and 33% of its Cl on drying, 
the theoretical values would be C, 51-2; H, 5-2; Cl, 2-4; 2MeO, 6-4%, in 
good agreement with the analyses). 

The acetylated flavylium salt (2-5 g.) was hydrolysed with 10% NaOH aq. 
(21 c.c.) for 90 mins. into the dark greenish-brown solution. 20% HCl aq. 
(16-25 c.c.) was introduced, and the 2% acid solution thus obtained was heated 
to 60° to complete the formation of oxonium salt and allowed to cool. The 
conc. of HCl was then increased to 7%, and after 36 hrs. the dark red-violet 
solution had deposited the anthocyanin as a mass of dark reddish-brown 
needles with a greenish lustre. These were dissolved in warm 0-3% HCl aq., 
the conc. of the acid was increased in the cold to 7%, and after a few hrs. the 
chloride crystallised in fine needles with a beetle-green lustre; decomp. 165° 
without melting [Found in material dried for 18 hrs. over H,SO, in a desic- 
eator: C, 48-0; H, 5-4; Cl, 4:8; MeO, 8-9. C,.H,,0,,Cl,2H,O requires C, 
47-9; H, 5-4; Cl, 4-9; 2MeO, 8-5%. Loss at 110° in a high vac, over P,O,, 
5-9. Required loss of wt. for 2H,O + 24% of Cl, 6-2%. Found in material 
dried at 110° in a high vac. : C, 51-0; H, 5-1; Cl, 3-9; MeO, 9-3. C, 9H;,0,,Cl 
requires C, 50-4; H, 5-1; Cl, 5-1; MeO, 9-0%. These values indicate a 
partial loss of HCl on drying, and this has been recorded of malvin chloride 
from natural sources. In the anhyd. material, C 51-0% corresponds to M 
682. But C,,H,,0,,Cl has M, 690-5, and, assuming the difference of 8-5 
units is due to loss of HCl, we find there has been a loss of approximately 24% 
of Cl on drying. Similarly, the difference between the obs. and the calc. 
value for Cl (1-27) give the figure 24-7% as the proportion of Cl lost. 
C.H,;0,,Cl,2H,O, losing 2H,O and 24% of its content of HCl, requires C, 
51-0; H, 5-1; Cl, 4-0; 2MeO, 9-1%, in good agreement with the analyses). 

Willstatter and Mieg (loc. cit.) give the formula C,,H,,0,,Cl,8H,O to the air- 
dried substance and state that it loses all the solvent of crystn. in a desiccator ; 
they observed loss of HCl on drying in vac. at 110°. 

Karrer and Widmer (loc. cit.) dried the salt at 100°/12 mm., and under these 
conditions loss of HCl appears to have been prevented. 

The initial crystn. of the synthetical salt was effected with difficulty, but 
recrystn. was facile. An attempt to improve the process by evaporation of 
the 2% acid solution to dryness in vac. at 25—30° resulted in hydrolysis to a 
monoglucoside. This was isolated as the picrate and chloride and from its 
colour-reactions, distribution ratio, and other properties the salt was certainly 
malvenin chloride (5-glucoside) and not cnin chloride (3-glucoside). The 
examination of this specimen will be resumed. 
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Comparison of Synthetic Malvin Chloride (S) with the Specimen of Natural 
Origin (N). 

(8S) had a more brilliant reflex than (N), but when the salts were crystallised 
side by side under identical conditions from 5% HCl aq. the appearance of 
the needle crystals in mass and under the microscope was identical. The mode 
of pptn. and crystn. and the microscopic appearance of the respective picrates 
were also identical. 

The solubilities of (N) and (S) in HCl aq., the colour of the aq. solutions 
before and after the addition of EtOH, the colour change on great dilution 
with MeOH, the rate of formation of pseudo-base and extent of recovery on 
acidification, and the slow rate of oxidation in very dil. solution in the presence 
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of FeCl, were all examined under strictly comparable conditions without 
revealing divergences of behaviour. All the properties of solutions of (8) 
were found to be identical with those of (N) (see below for one explicable 
exception); addition of AcONa gave a violet coloration; Na,CO;, a bright 
greenish-blue, and NaOH changed this to green and then yellow at the same 
rate for (S) and (N). 

The colour reactions in buffered solutions of graded p, (Robertson and 
Robinson, Biochem. J., 1929, 23, 35) were examined, the odd-numbered 
specified solutions being used. The results were identical for (S) and (N) and 
have already been recorded (loc. cit.) for a different specimen of malvin chloride. 

The absorption in the visible region of the spectrum is illustrated (see Fig.) 
and the curves refer to observations with solutions of 0-18N/10‘ in 01% 
methyl-ale. HCl. 
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The distribution number (isoamy] alcohol) of malvin chloride (S and N) 
was found to be almost zero, even in the presence of NaCl. It was therefore 
determined with n-butyl alcohol under the conditions prescribed in the 
preceding paper. (N) had distribution number (butyl alcohol) 10-4 (3-06 
mg. in 50 ¢.c. of the mixed solvents), and on a second shaking the number 
rose to 11-6; this is doubtless the result of an association phenomenon. 

On the other hand (S) (3-00 mg.) had distribution number 15-1, and this 
fell to 12-3 on the second shaking. A very small content of monoglucoside 
is responsible for this and in order to effect a comparison equal weights (5-80 
mg.) of (S) and (N) were dissolved in 0-5% HCl aq. (50 c.c. each) equilibrated 
with n-butyl alcohol, and the solutions shaken with 3 successive vols. (50 c.c.) 
of butyl alcohol equilibrated with 0-5% HCl aq. The aq. solutions were then 
made of the same conc. (colorimeter) by slight dilution of the (N) solution with 
05% HCl aq.; the distribution numbers were then found to be 10-8 in both 
cases. Examination of the butyl-alcohol extracts showed that only the first 
extracts exhibited any divergence, that from (S) being a little more intensely 
coloured. The second butyl-alc. extracts were treated with sat. AcONa aq. 
(15 ¢.c.), giving a violet aq. layer and a much paler reddish-violet butyl-ale. 
layer; identical appearances at first and on keeping. The third butyl-alc. 
extract was treated with sat. Na,CO, aq. (15 c.c.); the blue-green coloration 
of the aq. layers slowly became greener and then yellow and the solutions 
(8 and N) exhibited an identical green fluorescence. Thus the trace of mono- 
glucoside is entirely removed by one extraction with butyl alcohol. 

Further comparisons of (S) and (N), including the behaviour with co- 
pigments (see preceding paper), were made and no point of difference in the 
behaviour of (S) and (N) could be detected; some of the co-pigment effects of 
malvin will be described in another place. 


The authors thank the Royal Commissioners for the Exhibition of 1851 for 
a Senior Studentship awarded to one of them, and Imperial Chemical Industries 
Limited for grants. 


THE Dyson PEerRRINS LABORATORY, 
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328. Strychnine and Brucine. Part XX. Some 
Derivatives of Pseudostrychnine. Comments on 
a Recent Memoir of H. Leuchs—Uber Strychnos- 
Alkaloide, LX VIII, 


By B. K. Biount and Rosprert Rosinson. 


Owme to the kindness of Dr. K. Warnat and Dr. M. Guggenheim, 
and to the generosity of the firm of Hoffmann-La Roche of Basle, 
to all of whom we are greatly indebted, we have been able to examine 
further the derivatives of pseudostrychnine. This base was isolated 
by Warnat (Helv. Chim. Acta, 1931, 14, 99) and shown to have the 
formula C,,H,,0,N, or C,,H,,0,N,; it furnished neutral salts 








2306 BLOUNT AND ROBINSON : 


(B,HC1,2H,0; B,HNO,) and a N-nitroso-derivative insoluble in 
dilute acids. 

Crystallisation of the pure base from methyl or ethyl alcohol 
afforded methy! or ethyl derivatives, which were at once hydrolysed 
by cold dilute mineral acids with formation of pseudostrychnine 
salts and the respective alcohol. All these properties suggested to 
us that pseudostrychnine (C,,H,,.0O,N, in this event) is hydroxy. 
strychnine and contains a group :C(OH):N:; the alkyl derivatives 
would then be ethers, ‘C(OR)-N:, and the nitrosoamine would be 
‘CO NO-N:. This hypothesis is strongly supported by near analogies 
such as the carbinol-bases, cotarnine and berberine, but, unlike 
these bases, pseudostrychnine does not form anhydro-salts con- 
taining the group :C-N:}X. Even the ferrichloride and perchlorate 
are of the form C,,H,,0,N,}X. 

Nevertheless pseudostrychnine has been found to be readily 
reducible in acid solution and the product is strychnine; thus 
there is little doubt that it is, in fact, hydroxystrychnine and that 
the hydroxy] is situated on a carbon atom contiguous to N(6). It 
is almost certainly a tertiary alcohol, because the group -N-CH(OH) 
can usually be oxidised to -N-CO> with facility and we have found 
that pseudostrychnine is relatively stable, for example, towards 
alkaline ferricyanide. 

Pseudostrychnine methyl ether forms a normal methiodide, from 
which a des-base is readily obtained : 


:CH-C(OMe)‘NMe?}0H —>» :0=C(OMe) NMe! + H,O 

In this substance the methoxy] is much more resistant to hydrolysis 
than it is in O-methylpseudostrychnine, but the action of hot dilute 
hydrochloric acid brought about the reaction with formation of 4 
well-characterised base termed N-methylchanopseudostrychnine.* 

It is quite likely that the series of reactions leading to the pro- 
duction of this base involve wandering of the double bond of strych- 
nine by the stages : 

HOf"NMe-C(OMe)-CH-C°:CH —> -NMe C(OMe):CH:-C:CH: 
—-> ‘NMe CO-CH:C-CH,. 

The most significant property of N-methylchanopseudostrychnine 
is that it forms a dibenzylidene derivative with considerable ease. 

One reactive CH, group is known to be present in strychnine 


* The prefix chano-, from the Greek word meaning “ chasm,” is used to 
indicate the process, real or imaginary, of opening a cyclic structure by 
isomeric change. It is the converse of cyclo as employed in the expression 
cyclocitral but not, as in cyclohexane, where loss of 2H is implied. This 
prefix has been found to be very useful in the nomenclature of a series of 
bases derived from strychnidine by ring-opening. 
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(Perkin and Robinson, J., 1929, 997), and the group responsible 
in this case is ‘N(a)CO-CH,:; probably, therefore, one of the benzyl- 
idene residues is in the position occupied in benzylidenestrychnine, 
and this view is supported by the similar Otto reactions of the latter 
base and of the new dibenzylidene compound. 

The second reactive CH, must be under the influence of a carbonyl 
occupying the site of the t-alcoholic group of pseudostrychnine. 
In other words, pseudostrychnine probably contains the group 
-~CH,°C(OH)-N(b):. The loophole is that the dibenzylidene deriv- 
ative may contain -N(a)-CO-C:CHPh and ‘NMe(b) CO-CH°:C-C:CHPh. 
We do not consider the latter hypothesis (compare, however, 
benzylidenepiperitone; Read and Smith, J., 1921, 119, 784) in 
view of the pale yellow colour of the substance, but it will be 
experimentally tested. 

CH,-CH, 


CH N 


2 
CH, N 


CH CH—C ir 
N \ \ L 

(II.) I A git . 
0 C¢ 


a4 


In the meantime the strong indication, if not proof, is that 
strychnine contains N(6)-CH-CH,. H. Leuchs (Ber., 1932, 65, 
1230) advocates a slight modification (I) of the strychnine formula 
(fl) of Menon and Robinson (this vol., p. 780), and one of us 
must now state, in justice to his collaborator, that this formula (I) 
was that which was preferred by K. N. Menon and employed by 
him in a Thesis for the Doctorate submitted in 1931 to the University 
ofLondon. It was modified because, despite Leuchs’s arguments to 
the contrary, strychnine does not behave like a dihydroindole (or 
éven hexahydrocarbazole) convertible by loss of 2H into a true 
indole, Therefore one of the carbon atoms, « or $, in the indole 








2308 BLOUNT AND ROBINSON: 


nucleus (5-, or 6- in Leuchs’s scheme of numbering) must be attached 
by a carbon chain to N(b). The particular development of this 
idea adopted in formula (II) was selected (i) because it gives a 
tryptophan nucleus and beyond this a continuous block of carbon 
atoms, and (ii) because the arrangement is strainless. There is no 
insuperable objection to attachment of the side-chain to the «- 
position as in (III) and if the group C,H, is interpreted as -CHMe: 
rather than -CH,°CH,° the remarkable possibility emerges that 
the strychnine skeleton may embody that of harmine. 

Certainly great weight must be attached to the observation 
(Leuchs, loc. cit.) that dioxonucidin is very readily monobrominated ; 
this undoubtedly indicates that the $-carbon of the indole nucleus 
bears a hydrogen atom and therefore formula (III) best expresses 
the whole of the known chemical behaviour of strychnine and its 
derivatives. 

EXPERIMENTAL. 


Pseudostrychnine perchlorate crystallised from hot H,O, in which it is spar- 
ingly sol., in long, colourless, hexagonal prismatic needles, which blackened 
above 240° but did not melt at 300° (Found: C, 55-9; H, 5-1. C,,H,,0,N,Cl 
requires C,- 56-0; H, 5-1%). The ferrichloride crystallised from AcOH in 
orange-red plates, m.p. 234—235° (decomp.) after darkening. It is readily 


sol. in H,O, EtOH, and Me,CO, sparingly in AcOH and HCl aq. (Found: 
C, 45-9; H, 4:3. C,,H,,;0,N,Cl,Fe requires C, 45-9; H, 4-2%). 

Reduction of Pseudostrychnine with Formation of Strychnine.—To pseudo- 
strychnine hydrochloride (0-5 g.), dissolved in hot 2N-HCl (25 c.c.), Zn dust 
(1 g.) was added during 15 mins. A colourless cryst. solid soon separated 
and after 30 mins.’ heating on the steam-bath sufficient hot H,O was added 
to give a clear solution, followed by a slight excess of sat. Na,CO, aq. After 
cooling, the solid was collected and dried, and the org. material separated 
from the Zn residues by means of hot CHCl,. The CHCl, extract was con- 
centrated, EtCH added, and the evaporation continued until crystn. occurred. 
On cooling, nearly pure strychnine (0-29 g., 74%), m.p. 264—266°, separated, 
and a further quantity was obtained from the mother-liquor. After recrystn. 
from EtOH the substance melted at 270—271°, alone or mixed with natural 
strychnine (Found: C, 75-0; H, 6-6. Calc. for C,,H,,.O,N,: C, 75-4; H, 
6-6%). The recorded m. p.’s for strychnine vary widely (268° to 290°): the 
value given above was obtained by slow heating. M. p. and mixed m. Pp. 
determinations were always carried out simultaneously to avoid errors through 
variation in the rate of heating. Benzylidenestrychnine, prepared from 
this reduction product by the method of Perkin and Robinson (J., 1929, 997), 
melted at 235—237°, alone or mixed with an authentic specimen. The Otto 
reactions given by both specimens were also identical. 

Attempted Ferricyanide Oxidation of Pseudostrychnine.—A solution of 
pseudostrychnine (0-17 g.) in boiling EtOH (5 ¢.c.) was treated successively 
with K,FeCy, (0-33 g.) in H,O (5 c.c.) and with KOH (0-3 g.) in H,O (1 ¢.c-) 
After boiling for 15 mins., the mixture was cooled, and the brown solid col- 
lected. It was sol. in dil. acids, and separated on being made alkaline in 4 
eryst. condition, m.p. 253—-255° (decomp.). It evidently consisted of some- 
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what impure pseudostrychnine, and was further identified by conversion into 
the methyl ether by crystn. from MeOH. 

0-Methylpseudostrychnine Methiodide.—O-Methylpseudostrychnine (4 g.) 
was dissolved in freshly distilled MeI (20 c.c.) and kept at about 40° for 3 
days; the mixture then became a jelly. As much as possible of the Mel was 
removed by distillation from the steam-bath, the horny residue dissolved in 
MeOH (50 c.c.), and the solution concentrated to half vol. The methiodide, 
colourless woolly needles, was collected after cooling and washed with MeOH 
and Et,O (yield, 4-6 g. or 83%). The m. p., which depends greatly on the 
rate of heating, was 213° (decomp.) on moderately rapid heating. The com- 
pound was recrystallised from MeOH, in which it was sparingly sol. (Found : 
C, 54-4; H, 5-4. C,,;H,,0,N,I requires C, 54-4; H, 5-3%). 

des-N : O-Dimethylpseudostrychnininium Hydroxide.—KOH (1 g.) in H,O 
(2 c.c.) and then boiling H,O (40 c.c.) were added to a boiling solution of O- 
methylpseudostrychnine methiodide (2 g.) in MeOH (20 c.c.). The colourless 
gum crystallised when stirred with a little hot MeOH. The crystals were 
collected at 0°, washed with a little ice-cold MeOH (yield, 0-84 g. or 56%; 
m.p. 168—172°), and thrice crystallised from EtOH; m. p. 174—175° (decomp.) 
after slight browning (Found: C, 73-1; H, 6-8; N, 7-5; MeO, 7-6; NMe, 
8-2. C,;H,,O,N, requires C, 73-0; H, 6-7; N, 7-4; MeO, 8-2; NMe, 7-7%). 

A mixture of the des-base (0-1 g.), MeOH (1 c.c.), Ph-CHO (2 drops), and 
40% KOH aq. (1 drop) was refluxed for 14 hrs. The product was collected 
at 0° and recrystallised from EtOH. It sintered at ca. 135° and was converted 
at 145° into a gum, which liquefied at about 180° (Found: C, 75-6; H, 6-7%). 

In a second expt. (double quantities) the mixture was refluxed for 19 hrs., 
cooled, and kept at 0° for thr. Yellow crystals separated, m. p. 190—193° 
after sintering at about 180°. The mother-liquor, kept over-night in the 
ice-chest, gave a second crop of crystals, m. p. 145—150°. The first crop, 
recryst. twice from MeOH, formed long, thin, yellow plates, m. p. 189—193° 
after sintering at 180° (Found: C, 76-1; H, 6-4; OMe, 6:5%); the substance 
gave a blue Otto reaction. The second crop was also twice recrystallised 
from MeOH, forming long, thin, very pale yellow prisms, m. p. 153° (Found : 
C, 75-8; H, 6-7; N, 6-0; OMe, 9-1; NMe, 68%). It gave no Otto reaction. 
The nature of these substances is not at all clear to us. 

N-Methylchanopseudostrychnine.—This compound was formed in a pure 
condition when a solution of the des-base of dimethylpseudostrychnininium 
hydroxide in excess of dil. HCl was heated at 100° for 2hrs. For preparative 
purposes, however, it was unnecessary to isolate the intermediate stage. 

0-Methylpseudostrychnine methiodide (2 g.) was treated as in the last 
prep. and the gummy des-base, from which the mother-liquor had been 
decanted, was dissolved in 2N-HCI (20 c.c.) and heated on the steam-bath 
for 2 hrs. After cooling, NH, was added; the solution then became yellow- 
green, bluish-green, and finally, at the point at which the product separated, 
pure blue. The base was crystallised from EtOH (0-76 g., or 53%, m. p. 
266—268°) and then twice from MeOH, giving well-formed quadrilateral 
prisms, m. p. 270—271° (decomp.) (Found : C, 72-0; H, 6-7; N, 7-7; MeO, 
00; NMe, 8-3. C,,H,,0,N, requires C, 72-5; H, 6-6; N, 7:7; NMe, 8-0%). 

The sparingly sol. perchlorate crystallised from H,O in thin, four-sided 
Plates, which blackened at 250° and exploded at 295° (Found: C, 57-0; H, 
55; N, 6-1. C,,H,,0,N,Cl requires C, 56-9; H, 5-4; N, 6-0%). 

Dibenzylidene - N - methylchanopseudostrychnine. — N - Methylchanopseudo- 








2310 THOMPSON : ORIENTATION IN THE 


strychnine (80 mg.) was dissolved in hot EtOH (1-5 e.c.), Ph-CHO (3 drops) 
and 40% KOH aq. (1 drop) were added, and the mixture was heated for 
80 mins. on the steam-bath, during which the dibenzylidene derivative separated 
in long yellow prisms. It crystallised from isoamyl alcohol in small lemon. 
yellow prisms, m. p. 284—285° (decomp.) with previous darkening (moderately 
rapid heating). It is sparingly sol. in neutral org. solvents and gives a pure 
blue Otto reaction (Found: C, 80-0; H, 6-1; N, 5-3. C3,H,,0,N, requires 
C, 80-0; H, 5-9; N, 52%). 


Grateful acknowledgment is made to the Ramsay Memorial Fellowships 
Trust. 


THE Dyson Perrins Laboratory, 
Tue University or Oxrorp. [Received, July 13th, 1932.) 





329. Orientation in the Substitution Reactions of 
Alkylnaphthalenes. Part II. Nitration of 1.- 
Methylnaphthalene. 


By Henry W. THompson. 


Previous workers (Lesser, Annalen, 1913, 402, 1; Vesel¥, Stursa, 
Olysiéek, and Rein, J. Czech. Chem. Comm., 1929, 1, 493) have 
detected much 4-nitro- and a trace of 8-nitro-1-methylnaphthalene 
in the product of nitration of 1l-methylnaphthalene. Careful 
examination now reveals that there is produced about 70% of the 
4-nitro-compound, some of the 5- and less of the 2-nitro-isomeride. 

Vesely et al. (ibid., 1930, 2, 145) have shown that nitration of 
4-nitro-1-methylnaphthalene produces much 4:5- together with 
some of the 2 : 4-dinitro-compound. It is now shown that there is 
produced about 45% of the first, some of the second, a small amount 
of 4: 8-dinitro-l-methylnaphthalene, and a trace of a dinitro- 
methylnaphthalene, m. p. 176°, of undetermined constitution. 

The trinitro-compound obtained from 4-nitro-l-methylnaph- 
thalene by following Lesser’s directions (loc. cit.) has m. p. 170° and 
not, as he states, 180—181°. It is shown to be 2: 4: 5-trinitro-l- 
methylnaphthalene by its identity with the product of nitration of 
either 2 : 4- or 4 : 5-dinitro-1-methylnaphthalene. 

The following scheme summarises the facts of nitration of 1- 
methylnaphthalene. 


Positions of Nitro-Groups. 


Me —_ 
> > 
—> > 





—>2:4 
A 


: oO 


bom 
Rona 


















~~ or Ook ase 2a as KF A. 





a ll 





SUBSTITUTION REACTIONS OF ALKYLNAPHTHALENES. PART II. 2311 





The following synthetic work was undertaken to facilitate the 
determination of the structures of any heteronuclear nitro-1-methy]l- 
naphthalenes which might arise. Ethyl «-m-methoxybenzoyl-a- 
acetylsuccinate was hydrolysed to give 6-m-methoxybenzoylpropionic 
acid, which was reduced to y-m-methoxyphenylbutyric acid, from 
which, by the action of sulphuric acid, 5-keto-2-methoxy-5 : 6 : 7 : 8- 
tetrahydronaphthalene was obtained. It had been intended to 
introduce a methyl group into this compound and then prepare 
6-amino- and 5-nitro-1-methylnaphthalene and their derivatives, 
but this work was rendered unnecessary by the syntheses per- 
formed by Vesely et al. (loc. cit.). 


CH,°CO,Et GH CO. 
es ‘CO,Et —* MeO 
oO 
CH,CO,H 
MeO AH, —> MeO ~* MeO 


CH, 


EXPERIMENTAL. 

Mononitration of 1-Methylnaphthalene.—Nitration experiments with pure 
HNO, in Ac,O, AcOH, or MeNO, at 0°, or with HNO, (d 1-42) at room temp., all 
gave the same result. The following method was most convenient. HNO, 
(65 c.c. ; d 1-42) was added slowly to 1-methylnaphthalene (20 g.) with shaking 
and cooling (the reaction may become uncontrollable if a larger amount of 
hydrocarbon is treated at one time); H,O (100 c.c.) having been added, C,H, 
extracted a substance which, after being washed with dil. NaOH aq. and cooled, 
was separated into a solid, consisting mainly of 4-nitro-1-methylnaphthalene, 
and an oil (380 g. and 200 g. respectively from 500 g. 1-methylnaphthalene). 
This oil was repeatedly distilled, a small quantity of crystals (33 g. in all, of 
4-nitro-1-methylnaphthalene) being frozen out between each distillation, and 
gave an oil (80 g.) which was reduced by Fe powder (West, J., 1925, 127, 494) 
to a liquid mixture of aminomethylnaphthalenes (Found: C, 83:5; H, 6-4; 
N, 91. Cale. for C,,H,,N: O, 84:1; H, 7-0; N, 8-9%). The crude acetyl 
compound (30 g.), m. p. 120—135°, obtained from this mixture was dissolved 
in boiling CCl, (300 c.c.); the cooled solution deposited a first fraction of 
crystals (2 g.), m. p. 186—190°, which when recryst. from CCl, and from EtOH 
gave 5-acetamido-l-methylnaphthalene in needles, m. p. 192° (Found: C, 
4; H, 65; N, 7-0. Calc. for C,,H,,ON: CO, 78:4; H, 6-5; N, 70%). 
Hydrolysis of this with KOH yielded 5-amino-1-methylnaphthalene in needles, 
m. p. 77°, which gave 5-benzamido-l-methylnaphthalene in needles (from 
EtOH), m. p. 172°. For these three compounds, Vesely et al. record m. p.’s 
of 194195°, 77-5°, and 173-5° respectively. Further fractions deposited 
from the CCl, were fractionally crystallised from CCl, and from EtOH without 
any other pure compound being obtained, but one of the fractions (1-5 g.), 
m. p. 125—130°, was converted via an oily amine into a benzoyl compound 
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which, repeatedly recryst. from EtOH, gave 2-benzamido-1-methylnaphthalene 
in white sheeny flakes, m. p. 219—221° (Vesely et al. give 222°) (Found: (Q, 
83-0; H, 5-7; N, 5-5. Cale. forC,,H,,ON: C, 82-8; H, 5-7; N, 54%). It 
was not possible to hydrolyse this compound even by boiling for several hours 
with H,SO, in AcOH. 

4-Amino-1-naphthaldehyde (compare Geigy and Co., D.R.-P. 86874; Ber., 
1896, 29, R 530).—Powdered 8 (6 g.) was dissolved in boiling 12% NaOH aq. 
(90 c.c.), the nitro-compound (14 g.) in EtOH (40 c.c.) added, and the mixture 
refluxed for 14 hrs. to give a dark oily suspension. Steam distillation removed 
a small amount of 4-amino-l-methylnaphthalene. The mixture was cooled, 
a brown powder collected and boiled with H,O (1} 1.), and the extract filtered 
hot from a dark residue. (This dark product may be a polymeride of the 
Schiff’s base type. The amount produced varies in different expts., but 
increases with time of reaction.) On cooling, light brown, hair-needles (1— 
5 g.) separated, m. p. 161°. To avoid polymerisation, this product was purified 
as follows. About 0-2 g. was shaken with Et,O and filtered from the insol. 
polymeride. The solution was evaporated to dryness in a desiccator, the 
residue dissolved in EtOH at ca. 30°, H,O added until a faint milkiness ap- 
peared, and the mixture cooled to 0°, to give yellow hair needles, m. p. 163° 
(Found: C, 76-7; H, 5-4; N, 7-4. C,,H,ON requires C, 77-2; H, 5-3; N, 
8-2%). 

Nitration of 4-Nitro-1-methylnaphthalene.—4-Nitro-1-methylnaphthalene 
(45 g.) was treated slowly with HNO, (90 c.c.; d 1-5) with shaking and cooling. 
Alternatively, a solution of the nitro-compound in HNO, (100 c.c.; d 1-42) 
was warmed on the steam-bath for a few mins. In either case, H,O (1-5 1.) 
was added, the ppt. ground with Na,CO, aq., and washed with H,O to give a 
yellow powder (55 g.), m. p. 70—100° [Found, by TiCl,: N, 11-5. Cale. for 
C,,H,(NO,),: N, 12-1%], which was digested with boiling CCl, (200 c.c.). 
The undissolved portion, cryst. from EtOH, gave 4: 5-dinitro-1-methyl- 
naphthalene in white needles (22 g.), m. p. 143° (Found: C, 56-8; H, 3:3; 
N, 12-0. Calc. for C,,H,O,N,: C, 56-9; H, 3-45; N, 12:1%. Estimation 
of this compound in the usual manner with TiCl, gave low results). The 
CCl,-sol. dinitro-compound was fractionally crystallised from CCl, and from 
EtOH, fractions with similar colour reactions (see p. 2314) and m. p.’s being 
segregated. A fraction (1-2 g.), m. p. 116°, which gave only a very slight 
colour reaction, was melted with a small amount of piperonal and a drop of 
piperidine to convert any 2: 4-dinitro-1-methylnaphthalene associated with 
it into the insol. piperonylidene derivative, and the melt gave 4 : 8-dinitro-l- 
methylnaphthalene in buff needles (from EtOH), m. p. 122—123° (Found: 
C, 57-0; H, 3-5; N, 11-8%). Vesely et al. (loc. cit.) record m. p. 120—121°. 
A further fraction (5 g.), m. p. 117°, and evidently not a single substance, was 
obtained (Found: C, 56-1; H, 3-5; N, 11-9%); this was deemed to consist 
mainly of 2: 4-dinitro-1-methylnaphthalene and not to contain any 4: 5- oF 
4 : 8-dinitro-1-methylnaphthalene, from consideration of (i) its colour reaction 
(see p. 2314), (ii) the m. p.’s of mixtures with the known (2:4; 4:5; 4:8) 
dinitro-1-methylnaphthalenes, (iii) the m. p.’s of mixtures of the derived 
diacetamido-compound (m. p. 270—280°) with the two known diacetamido- 
compounds. This fraction was treated with piperonal, in the manner described 
above, and a small quantity of 4 : x-dinitro-1-methylnaphthalene thus obtained 
in lustrous brown plates (from AcOH), m. p. 176° (Found: C, 57°15; H, 36; 
N, 118%). 

















wo Co of & S&S Oo OUtlhlUr tT 


-O8a's meg 








ow. = 


ree WS FSF FF & we Ss. Pee 


he ee ee oe 














SUBSTITUTION REACTIONS OF ALKYLNAPHTHALENES. PART I. 2313 


4 : 5-Diamino-1-methylnaphthalene.—Attempts to reduce the corresponding 
dinitro-compound by means of (NH,),8, Fe powder, or SnCl, were all un- 
successful, but the following method (cf. Meyer and Miiller, Ber., 1897, 30, 
7115) was effective. H,O (20 c.c.) was added to a mixture of the nitro-com- 
pound (2-1 g.) and PI, (25 g.). Slight warming initiated a violent reaction, 
which was completed by heating on the steam-bath for 1 hr. Excess of NH, 
aq. was added in the cold and the red ppt. afforded pale pink needles, m. p. 
64°, from light petroleum (Found: C, 75-7; H, 7-0; N, 16-05. C,,H,,N, 
requires C, 76-7; H, 7-0; N, 16-3%); dihydrochloride, white needles, m. p. 
260° (decomp.) (Found; N, 12-1; Cl, 28-5. C,,H,,N,,2HCl requires N, 11-4; 
Cl, 29-0%), from dil. ale. HCl. On treatment with Ac,O, the diamine gave 
2: 6-dimethylperimidine (I) (compare Sachs, Annalen, 1909, 365, 53), green 
needles, m. p. 210—220°, from EtOH (Found: C, 78:2; H, 6-3; N, 13-7. 
C,,H,,N, requires C, 79-6; H, 6-1; N, 143%). 


Me Cl Me 
(I.) Ck cx) (I1.) 
N NH 


N NH 
VY YZ 
CMe CMe j 

7-Chloro-2 : 6-dimethylperimidine (I1).—Consecutive reduction, halogenation, 
and acetylation occur when 4: 5-dinitro-1-methylnaphthalene is treated in 
AcOH with TiCl, (compare de Kiewiet and Stephens, J., 1931, 82, for similar 
reductions with SnCl,). A hot solution of the dinitro-compound (10 g.) in 
glac. AcOH (500 c.c.) was added to a boiling 15% solution of TiCl, (533 c.c.) 
and conc. HCl (266 c.c.), CO, being passed over the surface of the liquid. The 
mixture was boiled for 1 hr., cooled, and conc. NaOH aq. (500g.) added. After 
a day, the flocculent ppt. of Ti(OH), and adherent org. base was collected, 
dried in the steam-oven, and extracted with Et,O (Soxhlet); the extract 
crystallised from EtOH (sparingly sol.) in green needles (2 g.), m. p. 228° 
(Found: ©, 67:9; H, 4-9; N, 11-5; Cl, 15:8. C,,H,,N,Cl requires C, 67-7; 
H, 4-75; N, 12-15; Cl, 15-4%). 

4: 8-Diacetamido-1-methylnaphthalene.—The corresponding dinitro-com- 
pound (0-5 g.) was suspended in EtOH and shaken with a trace of PtO, and 
H, at atm. press. until the calc. quantity had been absorbed (} hr.). The 
product was filtered, concentrated, and the residue converted into the 
diacetyl compound; white prisms, m. p. 320—323°, from EtOH (Found : 
C, 70-2; H, 6-45; N, 10-9. C,,H,,0,N, requires C, 70:3; H, 6-26; N, 
11-0%). 

2:4: 5-Trinitro-1-methylnaphthalene.—(a) Following the procedure of Lesser 
(Annalen, 1913, 402, 14) for the dinitration of 4-nitro-1-methylnaphthalene, 
pale yellow prisms (from C,H,), m. p. 170°, were obtained in about 50% yield 
{Found: C, 47-8; H, 2:7; N, 14-4. C,,H,(NO,), requires C, 47-65; H, 2-5; 
N, 152%. As before, titration with TiCl, gives anomalously low results]. 
(6) 2: 4-Dinitro-l-methyInaphthalene (1 g.) (from 2: 4-dinitro-l-naphthol ; 
Vesely and Pastak, Bull. Soc. chim., 1925, 37, 1444) was boiled with HNO, 
(3 c.c.; d 1-5) for 2 mins., poured into water, and the ppt. crystallised from 
EtOH; yellow crystals, practically quantitative yield; m. p. 170°, no de- 
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pression with the above trinitro-l-methylnaphthalene. (c) 4: 5-Dinitro-1- 
methylnaphthalene treated as described in (b) gave exactly similar results. 
Colour Reactions’ (compare Rudolph, Z. anal. Chem., 1921, 60, 239).— 
Characteristic colours are developed when, to a solution of 2: 4-dinitro- or 
2: 4: 5-trinitro-l-methylnaphthalene (about 0-001 g.) in EtOH or COMe, 
(10 c.c.), 2N-NaOH or -NH,OH (1 c.c.) is added. None of the other nitro- 
methylnaphthalenes described in this paper gives such colours. 


2N-NaOH. 2N-NH,OH. 
—_— —_—, ———— TT, 
Compound. Alcohol. Acetone. Alcohol. Acetone. 
2: 4-Dinitro- ............ Mauve Deep blue No colour Pink 
2:4:5-Trinitro- ...... Red Deep mauve Pink Red 


Ethyl a-m-Methoxybenzoyl-a-acetylsuccinate,—Ethyl acetylsuccinate (214 g.) 
in Et,O (2 1.) was treated with granulated Na (23 g.) for 1 hr., and the solution 
then decanted from the excess. m-Methoxybenzoyl chloride (153 g.) was 
added. A slight evolution of heat occurred, and NaCl was pptd. After 1 hr., 
the mixture, which was no longer alkaline, was washed with dil. alkali and 
concentrated to a viscous pale yellow oil (290 g.), which decomposed on vac, 
distn., and was therefore used in the next stage without further purification. 

B-m-Methoxybenzoylpropionic Acid.—The above ester (470 g.) was stirred 
with KOH aq. (170 g. in 54 1.). After 12 hrs., more KOH (85 g.) was added, 
and an equal quantity again at the end of 20 hrs. After 24 hrs., the solution 
was decanted from a small amount of undissolved oil, kept for 2 days, con- 
centrated to 750 c.c., and a large excess of HCl aq. added. From the ppt., a 
semicarbazone was obtained, which crystallised from EtOH in white needles 
(58 g.), m. p. 177° (Found: C, 54:3; H, 5-7; N, 15-5. C,,H,,0,N, requires 
C, 54-3; H, 5-7; N, 15-8%), which were boiled for 2—3 mins. with 2N-HCl 
(250 c.c.) to give the keto-acid (46 g.; m. p. 110°); white needles, m. p. 111°, 
from dil. EtOH (Found: C, 63-7; H, 5-8. C,,H,,0, requires C, 63-5; H, 
58%). 

y-m-Methoxyphenylbutyric Acid.—The best yield of this material sufficiently 
pure for the next stage was obtained as follows. Amalgamated Zn (75 g.), 
keto-acid (14 g.), cone. HCl aq. (75 c.c.), and AcOH (30 c.c.) were refluxed for 
24hrs. H,O was added, and the oil which was extracted by Et,O was fraction- 
ally distilled. Under 20 mm., distillation occurred almost continuously from 
150° to 340°, with no apparent decomp., and a considerable glassy residue 
remained. A fraction (2 g.), b. p. 200—205°/20 mm., was collected and used 
in the next stage (Found: C, 68-0; H, 8-1. C,,H,,0, requires C, 68-0; H, 
7:2%). 

5-Keto-2-methory-5 : 6 : 7 : 8-tetrahydronaphthalene.—A solution of the fore- 
going acid (4-4 g.) in conc. H,SO, (50 c.c.) was kept at 70° for 10 mins. and then 
poured on ice. Ether extracted a yellow semi-solid mass (1 g.), from which 
a semicarbazone was obtained in white needles (0-8 g.), from EtOH, m. p. 235° 
(Found: C, 61-8; H, 6-8; N, 17-7. C,,H,,0,N, requires C, 61-8; H, 6-4; 
N, 18-0%). This (0-6 g.) was warmed on the steam-bath with 2N-HCI (5 ¢.¢.), 
and 5-keto-2-methory-5 : 6 : 7 : 8-tetrahydronaphthalene crystallised from dil. 
EtOH in white needles, m. p. 82° (Found: C, 74:7; H, 6-7. C,,;H,,0, requires 
C, 75-0; H, 68%). (Schroeter, Ber., 1930, 68, 1319, records m. p. 80° for the 
compound obtained by the oxidation of ar-8-methoxytetralin, and to which 
this constitution was ascribed.) This compound has only a faint odour when 
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cold, but gives a peppermint odour when warmed (compare l-keto-1 : 2:3: 4 
tetrahydronaphthalene; Kipping and Hill, J., 1899, 75, 149). 


The author thanks Professor R. Robinson for his interest in this 
work, and the Department of Scientific and Industrial Research for 
a maintenance grant. 
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330. -T'he Interconversion of cis- and trans-Modifi- 
cations of Monoethylenic Higher Fatty Acids by 
Nitrogen Trioxide (the ‘‘ Elaidin”’ Reaction). 


By H. N. Grirritus and T. P. Hixprrcn. 


In the investigation of mixed glycerides present in natural fats, 
quantitative methods are at present only available for the deter- 
mination of those which contain three saturated acyl radicals, and 
attention is therefore being directed in these laboratories to procedures 
which might lead to the estimation of other types of triglycerides, 
especially those containing only unsaturated acyl radicals. We 
have examined, in this connexion, the conversion of triolein into 
trielaidin in presence of oxides of nitrogen, an action which was 
apparently first observed by Poutet in 1819 (Boudet, Annalen, 
1832, 4, 1; Varrentrapp, ibid., 1840, 35, 196) and was formerly 
much used as a qualitative test for “ non-drying ” (e.g., olive or 
almond) oils (Archbutt, J. Soc. Chem. Ind., 1886, 5, 303). In spite 
of its antiquity, and although Farnsteiner (Z. Unters. Nahr. Genusem.., 
1899, 2, 1) attempted to employ it in the determination of oleic acid 
in the mixed acids of butter and other fats, yet little information 
of a quantitative nature has been given with reference to the equili- 
brium established between cis- and trans-forms in the “ elaidin ” 
reaction, except that Jegorow (J. Russ. Phys. Chem. Soc., 1903, 35, 
973; J. pr. Chem., 1912, 86, 539) observed that the transformation 
was effected by relatively small proportions of the reagent and that 
the use of larger proportions enabled him to isolate addition products 
of the composition C,,H,,0,(NO,)(NO) and C,,H,,0,(NO,)(OH). 

It was thus necessary to study, from a quantitative point of view, 
the interconversion of the fatty acids before proceeding to the more 
complex case of triolein, and the present paper is chiefly concerned 
with the isomerisation of ordinary oleic (A**!°-octadecenoic),* 
petroselinic (A*:?-octadecenoic), and erucic (A!**14-docosenoic) acids 

* In order to correlate the higher fatty acids with the corresponding 


aleohols, the carboxylic carbon atom is numbered | in defining the position 
of the ethenoid bond, as in the Geneva notation. 
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and their respective trans-isomerides; the isomerisation of methyl 
oleate and of triolein was subsequently compared with that of oleic 
acid. 

Isomerisation of Oleic Acid by Oxides of Nitrogen.—The action of 
oxides of nitrogen, prepared by different methods, on oleic acid was 
first studied. The products were separated by means of the dif- 
ference in solubility of lead oleate and elaidate (cf. p. 2320), and the 
amount of octadecenoic acid in each part was estimated by deter- 
mination of the iodine absorption (Wijs). In all cases the acids from 
the soluble lead salts, and (in much less degree) those from: the in- 
soluble lead salts, possessed lower iodine values than that of pure 
oleic or elaidic acid; qualitative tests showed the presence of 
combined nitrogen in both fractions of acids (although not in marked 
quantity in the elaidic fractions). It was evident that the final 
product of the action consisted of both cis- and trans-forms of the 
octadecenoic acid accompanied by varying proportions of addition 
products of oxides of nitrogen with the ethenoid acids. ‘The experi- 
ments were therefore carried out with the aim of reaching complete 
equilibrium, and the results were compared on the basis of the amount 
of elaidic acid in the product calculated as a percentage on the oleic 
acid originally employed; the difference between the latter and the 
sum of the elaidic and oleic acids recovered (as indicated by iodine 
value) is a measure of the amount of addition products present in 
the equilibrium mixtures. 

Poutet’s reagent (mercury dissolved in nitric acid, d 1-42), as 
recommended by Archbutt (loc. cit.), was usually found to give high 
yields (65—67%) of elaidic acid with lower proportions of addition 
products than the use of gaseous oxides of nitrogen, except when the 
latter were prepared from arsenious oxide and nitric acid; but the 
nitrous fumes obtained by the action of sulphuric acid upon sodium 
nitrite generally effected almost as large a conversion into elaidic 
acid (566—60%), although in this case the proportions of permanent 
addition compounds were notably larger. The oxides of nitrogen 
evolved in the action of nitric acid (d 1-42) upon copper, however, 
gave a yield of only 25% of elaidic acid, with about 67% of the 
original oleic acid in the form of addition products (as measured by 
non-reactivity with the Wijs reagent). 

The results, as a whole, led to the conclusion that, under the most 
favourable conditions, oleic acid was converted at equilibrium into 
about 66% of its weight of elaidic acid. The conditions favouring 
this result include the use of minimal amounts of oxides of nitrogen 
approximating in composition to N,O, at 10—20°; a higher temper- 
ature, or excess of the reagent, leads to the presence of greater 
amounts of addition compounds in the final product. 
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Isomerisation of Oleic Acid by Sulphur.—Rankow (Ber., 1929, 62, 
2712) has recently reported the partial transformation of oleic into 
elaidic acid at about 200° in presence of small amounts of sulphur, 
a method somewhat similar to that of M.C. and A. Saytzew (J. pr. 
Chem., 1894, 50, 73). We have analysed products obtained accord- 
ing to Rankow’s method by the same procedure as in the above 
instances and find that the conversion into elaidic acid is of the order 
of 56—60%, with only 2—3% of addition products (indicated by 
iodine value determinations); combined sulphur was present, as 
stated by Rankow. 

It appeared, especially as it was desired to apply the process to 
glycerides as well as to the free acids, that the use of oxides of 
nitrogen in one of the forms leading to a minimum of addition 
products was to be preferred, and, in the remaining experiments, 
the reagent employed was either Poutet’s solution or the gases 
produced from sulphuric acid and sodium nitrite. 

It seemed desirable, whilst engaged in a quantitative study of the 
“ elaidin reaction,” to investigate the reverse isomerisation of elaidic 
acid and also corresponding isomeric changes of some other mono- 
ethylenic acids of high molecular weight. 

Isomerisation of Elaidic Acid.—The mercury-nitric acid reagent 
led to the production of a mixture containing elaidic acid in amount 
equal to about 68% of that submitted to the process, whilst nitrous 
fumes (a) from arsenious oxide and nitric acid, and (6) from sodium 
nitrite and sulphuric acid led respectively to the recovery of 66% 
and 60°, of the elaidic acid employed in the isomerisation. As with 
oleic acid, the proportions of recovered acids which did not react 
with the Wijs reagent (i.e., addition products) were greatest with 
oxides of nitrogen generated from sodium nitrite and least in the 
ease of the Poutet reagent. 

It will be seen from the experimental tables that the yields of 
elaidic acid, starting from either oleic or elaidic acid, are closely 
similar when the same method of preparation of oxides of nitrogen 
is employed, and we regard this as formal proof (hitherto, we believe, 
lacking) that the “ elaidin reaction ’’ is a reversible change, the same 
equilibrium being reached irrespective of whether the cis- or the 
trans-acid is the starting point. 

Isomerisation of Petroselinic (cis-A**?-Octadecenoic) and of Erucic 
(cis-A13:14. Docosenoic) Acids.—Each of these acids, when submitted 
to the Poutet reagent, gave yields of about 60%, of the corresponding 
ans-acids. The proportion of the latter at equilibrium was thus 
in each case somewhat less than in the elaidinisation of oleic acid 
by the same reagent, and at the same time the presence of addition 
products was somewhat more noticeable. There appears to be 
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some relationship between the m. p. of the original acid and the 
proportion of unresolved addition products in the equilibrium mix- 
ture, judging from the respective figures for oleic, petroselinic, erucic, 
and elaidic acids with the Poutet reagent. These varying pro- 
portions of addition products render it difficult to attempt to draw 
conclusions as to any relations which may exist between the com- 
position of the cis-trans mixture at equilibrium and the constitution 
of the three monoethylenic acids examined. 

Isomerisation of Methyl Oleate.—Before proceeding to study 
triolein, it was felt desirable to compare the equilibrium attained in 
the case of a simple ester with that for oleic acid. It was found 
that the Poutet reagent converted methyl oleate to the extent of 
66% into methyl elaidate with formation of addition products in 
much the same quantity as in the case of oleic acid, and therefore it 
was inferred that the process operated in quantitatively the same 
manner with an ester as with the free acid. 

Isomerisation of Triolein.—The quantity of trielaidin isolated in 
three experiments in which triolein was treated with the mercury- 
nitric acid reagent was 26—31°% of the triolein taken. At the same 
time, the mixed fatty acids from the isomerised glyceride were found 
to contain 61—66%, of elaidic acid, so that at equilibrium the same 
total ratio of elaidic to oleic acid obtained as in the isomerisation of 
oleic acid itself or of methyl oleate. As would be expected, therefore, 
the number of triolein molecules completely converted into trielaidin 
at equilibrium is only about 30% of the whole, the remainder con- 
sisting of mixed oleo-elaidins and (possibly) unaltered triolein. If 
we take the proportions, in round numbers, of trielaidin and total 
elaidic derivatives as respectively 30% and 65%, it follows that the 
remaining 70% of mixed oleo-elaidins may contain (i) about 35% 
each of mono-oleo-dielaidin and dioleo-monoelaidin, (ii) about 
52-5% of mono-oleo-dielaidin and about 17-5% of unaltered triolein, 
or (iii) all three glycerides in amounts falling within these limits. 

The probable composition of a mixture of triglycerides produced 
from triolein by conversion of 65% of the oleic into elaidic radicals, 
deduced by algebraical reasoning, would be 30%, trielaidin, 44% 
dielaido-mono-oleins, 22% monoelaido-dioleins, and 4% triolein. 
Since the observed proportion of trielaidin is not far removed from 
that estimated on this basis, it is quite likely that the remaining 
components are also present in similar quantities to those suggested 
by arithmetical considerations. 

For determination of triolein in natural fats, however, the “ elaidin 
reaction ’’ is shown by these experiments to be of doubtful utility. 
If triolein alone had to be considered, it is probable that the pro- 
cedure would be of at least semi-quantitative value, in spite of the 
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production of so small a proportion of trielaidin as 30% of the 
triolein present. Unfortunately, when triolein is a component of 
fats, it is practically always accompanied by considerable quantities 
of mixed saturated-unsaturated glycerides such as palmito-oleins ; 
and the concurrent partial transformation of the latter into corre- 
sponding palmitoelaidins (which would separate with trielaidin) 
would appear to render the determination of trielaidin itself very 
difficult in the majority of cases. 

Although the present investigation has thus indicated that the 
“elaidin reaction ” is not likely to be of great service as a means 
towards the estimation of triolein, the following conclusions have 
been reached : 

1. The process is an equilibrium action and the composition of the 
final product is the same whether the cis- or the trans-ethenoid acid 
is isomerised. The trans-acid is formed to the extent of about 66% 
(oleic, elaidic) or somewhat less (petroselinic, erucic) of the acid 
isomerised ; the yield varies somewhat according to the method of 
preparation of the oxides of nitrogen, and also, probably, with acids 
of different constitution. 

2. Definite amounts of addition products accompany the mixture 
of cis- and trans-acids at equilibrium, and it is to be inferred that the 
isomeric change is effected by addition of nitro- and nitroso-radicals 
at the ethenoid bonds, followed byreversion of the addition compound 
into nitrogen trioxide and the equilibrium mixture of cis- and trans- 
compounds. . 

3. The action proceeds to quantitatively the same extent as in the 
free acid in the methy] or glycery] esters of oleic acid; but, owing to 
the presence of three oleic groups in triolein, only about 30% of the 
latter is completely transformed into trielaidin. 

4. The present investigation has indicated the possibility that 
semi-quantitative application of the “ elaidin reaction ” may prove 
useful in the following directions: (i) the approximate estimation 
of oleic acid in mixtures of oleic with linoleic and other unsaturated 
acids present in certain classes of natural fats, especially in the 
“drying” oils; (ii) the isolation, by crystallisation from acetone 
(see p. 2323), of mixtures of trielaidin and palmitoelaidins from 
different natural fats in characteristic proportions and with character- 
istic equivalents and iodine values, thus giving a certain quantitative 
significance to what was formerly only a qualitative test. 

These extensions of the procedure will be described in detail in due 


course. 
ExPERIMENTAL. 


The oleic acid was prepared from the mixed acids of olive oil: most of the 
satd. acids present in the latter were first removed in the form of Pb salts 
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insol. in EtOH, and the unsatd. acids were then converted into Me esters and 
fractionally distilled, the earlier portions of the distillate being rejected and 
only those free from methyl palmitate being reserved. The latter were re- 
converted into acids, the Li salts of which were crystallised several times from 
80% EtOH; the oleic acid obtained from the purified Li salts (I.V. 90-4) was 
almost pure and did not contain more than 0-5% of palmitic acid. 

Petroselinic acid was obtained from the distilled fractions of its Me ester 
which were isolated in former work on various seed-fats of the Umbellifera 
(Christian and Hilditch, Biochem. J., 1929, 23, 327), and was recrystallised 
from EtOH several times before use (m. p. 30°, I.V. 89-0). 

Erucic acid was prepared by fractional distillation of the Me esters of the 
unsatd. acids of rape oil, followed by crystn. of the resulting acid from EtOH 
(m. p. 33-4°, I.V. 74-7). 

Analytical Estimation of the trans-Ethenoid Acids.—(i) Elaidic in presence of 
oleic acid. In this case advantage can be taken of the difference in solubility 
in EtOH, under specified conditions, of the Pb salts: we employed the pro- 
cedure of Cocks, Christian, and Harding (Analyst, 1931, 56, 368), who wash 
the Pb salts deposited from 93% (wt.) EtOH with light petroleum (pb. p. 
40—60°) to remove any retained Pb oleate, and subsequently again crystallise 
from EtOH the salts removed by light petroleum. The fatty acids from the 
Pb salts separated in the original and the subsidiary alcoholic crystns. are 
weighed and their I.V. determined. This method was tested on mixtures of 
oleic and elaidic acids in known proportions, with the following results : 
Elaidic acid in mixture, % 100 798 614 409 33-2 17-2 
“ » found,% ...... 97-3 820 643 486 415 15-4 



















































Thus, although the process is not reliable when elaidic acid forms the minor 
component of the mixture, it yields results within 2—3 units of the actual 
figures over a range which, fortunately, includes the composition of nearly 
all of the isomerised mixtures encountered during the present work. 

(ii) trans-A*‘?-Octadecenoic in presence of petroselinic acid, and brassidic in 
presence of erucicacid. Pb petroselinate and Pb erucate are both only sparingly 
sol. in EtOH, and therefore the estimation of the respective trans-acids could 
not in these cases be effected simply by the method described above. It was 
found, however, that a preliminary crystn. of the Pb salts of the acids after 
isomerisation was useful, because the Pb salts of unresolved addition compounds 
were always found to be relatively sol. in EtOH and were thus removable from 
the trans-acid Pb salts. The composition of the acids recovered from the 
insol, Pb salts (mixtures of the trans-acid with a certain amount of unchanged 
cis-acid) was approx. determined by recourse to the m, p. curves for mixtures ix 
of the cis- and trans-acids concerned. These were determined for each pair tl 
of acids with the results shown in the figure. 

In all cases the wts. of acids recovered after Pb salt separation wereconverted, 
according to the observed I.V.’s, into the corresponding wts. of the unsatd. 
acid in question; the I.V.’s of the pure acids were: oleic 90-1, elaidic 88-8, 
petroselinic (cis- and trans-forms) 89-0, erucic and brassidic 74-7. 

Quantitative Data obtained in the Isomerisation of the Four Acids.—A selection 
of the experimental results is given in Table I, in which the precise method of 
effecting the reaction is indicated as follows : 

“P.” 1 Part of Poutet’s Hg-HNO, reagent (prep. by dissolving 6 g. of Hg 
in 15-6 c.c. of HNO,, d 1-42) was shaken with 12 parts of the fatty acid or ester 
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in a stoppered vessel immersed in H,O at room temp. for 1 hr. and left over- 
night. 

** 8.” Oxides of N generated from NaNO, and H,SO, were passed into a 
flask, containing a weighed quantity of oleic or other acid, which was well 
shaken for about 15 mins. and then stoppered and set aside over-night. 

* A.” As “8,” but with oxides of N from As,O, and HNOQ,,. 
“0.” As “ 8,” but with oxides of N from Cu and HNO,. 
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in presence of air, SO,, or CO, are similarly shown in Table II. It was obs. 

that the I.V.’s of the products frequently exceeded that of oleic or elaidic acid, 

if the Wijs reagent was left in contact with the acids for more than 30 mins. ; 

’ this abnormal behaviour probably indicates that 8 derivs. of the fatty acids 

, may interact with the Wijs reagent, and consequently the derived values for 

, elaidic and oleic acids may be somewhat too high. The low m. p.’s of the acids 
from the insol. Pb salts also suggest the presence of impurities. 

Isomerisation of Methyl Oleate.—Methy] oleate (6-1 g.), after treatment with 

the Hg-HNO, reagent, was hydrolysed, and the mixed fatty acids were sub- 

mitted to the Pb salt separation. The acids from the insol. salts (I.V. 86-9) 

: amounted to 67-5 % of the oleic acid present in the original ester, whilst the I.V, 

4¥r2 


} 
L 
) 
The results obtained on agitating oleic acid with 1% of S at 220° for 3 hrs. 
: 
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TABLE I. 

Isomerisation of monoethylenic higher fatty acids by oxides of 
nitrogen. 

Septn. of products by Pb salts. 





Comp. of product, %. 











Acid employed. ** Liquid’’- =, 
- “" Acids from insol. salts. acids. trans- cis- Addition 
g- Method. %. | ele A LV. Acid. Acid. products. 
GEOR - ressvecceniy 34-3 ¥ 68-0 41-5° 85-8 82-7 66-7 29-4 3-9 
a6 | Yaovecssczcs 16-7 ue 72-6 42 792 45:0 658 13-4 20-8 
ge Heevestesece 12-2 A 73-2 41 81-7 426 684 130 186 
60s Pe ebesoesecs 21-8 8 61-9 42 84:9 51-1 60-0 20-0 20-0 
th _ Hoveescecces 8-2* ,, 62°38 40:5 786 20-7 58-2 9-0 32:8 
99. beeceveccses 9-8 C 29-8 40 73-2 10-4 24-6 8-1 67:3 
Elaidic ......... 3-5 P 73-2 41 83-8 443 687 133 18-0 
| hh enesecs 3-5 m 70-8 43 85:5 53-1 686 166 148 
te: 2 stssccses 3-8 A 67-4 41 84-2 17-6 66-7 6-7 26-6 
99 —«_«__—s ev een cece 3-5 8 59-4 42 85-6 15-1 60-4 6-8 32-8 
Petroselinic 17-8 P 71-27 51 83-5 51-2 61:2 196 19-2 
i | eéeeee 5-2 a 66-7 51:2 88:0 443 589 21-8 193 
BEPUBES jocccccesece 8-2 71-4 58-4 71-2 37-2 62:8 20-0 17:2 
5-2 * 64-2 576 676 20-7 542 215 243 


* This expt. was carried out at 0°, all the remainder at 18—20°. 
Tt On recrystn. from EtOH, these acids yielded (i) 66-3%, m. p. 53°; (ii) 
21-3%, m. p. 50-5—51-5°; and (iii) 12-4%, m. p. 30—32°. 





TABLE II. 
Isomerisation of oleic acid by 1% sulphur at 220°. 
Septn. of products by Pb salts. Approx. comp. of products, %,. 
Acids from insol. salts. ‘* Liquid” Addition 
Atmo- . acids. Elaidic Oleic products 
sphere. %. M. p. iF. a A acid. acid. (?). 
Air 55-7 36° 86-2 87-7 54 43 3 
” 60-8 36 88-8 86-0 61 35 4 
sO, 56-5 - $l 86-6 89-7 56 43 2 
co, 58-9 35 87-9 88-6 59 39 2 


of the “liquid” acids was 75-1; this corresponds to the presence of 66:2% 
elaidic and 26-3% oleic acid, calc. on the oleic acid originally present, together 
with 7:5% of unresolved addition products. 

Isomerisation of Triolein.—(i) Preparation of triolein and trielaidin. Gly- 
cerol was heated with excess of the fatty acid at 130° for 6 hrs. in vac.; a small 
quantity (0-4%) of naphthalene-f-sulphonic acid was added to the mixture to 
promote esterification. The neutral glycerides thus obtained were resubmitted 
to esterification under similar conditions with more of the fatty acid to ensure 
complete conversion of the product into triglycerides. The characteristics of 
the triolein and trielaidin obtained were as follows : 


Trielaidin, 
Triolein, found. found. > cale. 
5 ETRY Serres Uae 85-2 85-2 86-2 
Bap. Caml. .siscsesencsessces 293-9 294-1 294-7 
POE WR ciitteccititesiseacden 1-3 3-2 nil 


The trielaidin melted at 42-8°, and separated from CMe,0 in wart-like clusters 
of crystals; the solubility in CMe,O (100 c.c.) at 0° was 0-29 g., and at 20°, 
0-98 g. 
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(ii) Estimation of trielaidin in presence of triolein. Practically complete 
separation of trielaidin from mixtures of triolein and trielaidin could be effected 
by crystallising the mixture of glycerides (5 g.) from CMe,O (20 c.c.) at room 
temp. over-night, followed by cooling at 0° for 2 hrs.; the separated crystals 
were collected and washed four times with CMe,O (5 c.c.). The following 
results were obtained : 


Trielaidin present, % .......++++. 100-0 78-6 61-2 39-4 19-6 
Slat ii we , ee 99-3 78-4 61-0 39-2 18-3 
Triclaidin isolated is naga: 423° 421° 42-2 42.0? 423° 


(iii) Action of Poutet’s reagent on triolein, The isomerisation was carried out 
as described for oleic acid, but the product was divided into two portions for 
examination : 

(a) One portion (5 g.) was crystallised from CMe,O under the above con- 
ditions; the separated crystals were weighed and their m. p. determined, 
whilst the material in the mother-liquor and washings was recovered and its 
I.V. estimated. The results are shown below : 


Isolation of trielaidin from isomerised triolein. 





Apparent 

Products septd. from acetone. Sol. Tri- addition 

Triolein glycerides. elaidin, products, 
used, g. %. M. p. LY. I, Vie %. %. 
18-0 32-6 40-5° 81-4 50-7 31-1 29-2 
9-4 26-7 40-5 82-9 61-8 26-3 21-0 
8-8 28-5 41-5 83-4 61-7 28-0 20-7 


The m.p. of the cryst. product was in each case but little below that of tri- 
elaidin, and was raised somewhat on admixture with it. Dielaido-mono- 
oleins, therefore, do not separate in the solid state under the conditions em- 
ployed; the slight depression in m. p. is amply accounted for by the presence 
of traces of addition products which are indicated by the correspondingly 
slightly lower I.V.’s (trielaidin, I.V., obs., 85-2). 

(6) The remainder of the isomerised triolein was hydrolysed by alc. KOH, 
and the resulting mixture of acids was submitted to the Pb salt separation as 
described in previous cases: the total conversion of oleic into elaidic radicals 
in the mixed glycerides was thereby determined (see below). 


Total conversion of oleic to elaidic radicals in isomerised triolein. 


Septn. of products by Pb salts. Approx. comp. of products, %. 
Acids from insol. ‘ Liquid” 





Triolein salts. acids. ‘Elaidic Oleic Addition 
used, g. %. IV. LV. acid. acid. products. 
18-0 68-2 79-5 54-5 61-1 19-2 19-7 
9-4 71-1 83-2 57-1 66-6 18:3 15-1 
8-8 68-6 83-1 59-4 64-2 20-7 15:1 


These analyses show that the same equilibrium is reached (between oleic 
and elaidic acid radicals as a whole) in triolein as in methy] oleate or oleic acid. 
They also indicate that, to some extent, unresolved addition products present 
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in the isomerised products are reconverted into unsatd. acids by the action of 
hot alc. alkali. 


We thank the Department of Scientific and Industrial Research 
for a maintenance allowance to one of us (H. N. G.). 


Tue University, LIVERPOOL. [Received, June 18th, 1932.] 





331. The Production of Isoprene from Rubber. 
By H. Lu. Basserr and H. G. WriiiaMs. 


For more than a century, researches have been carried out on the 
distillation of rubber, and the general nature of the products— 
isoprene, terpenes, and higher terpene compounds—has long been 
known, but comparatively little work has been done on the effect of 
variations in the conditions of distillation, and in particular, on the 
maximum possible yield of isoprene. 

Williams (Phil. T'rans., 1860, 150, 241), using an iron retort and 
distilling rubber at a relatively low temperature, obtained some 5% 
of crude isoprene, b. p. 37—44°. Fischer and Harries (Ber., 1902, 
35, 2156) showed that when rubber is distilled at 0-25 mm., less than 
1% of isoprene is obtained, and Staudinger and Fritschi (Helv. Chim. 
Acta, 1922, 5, 785), working at 0-1—0-3 mm. and 275—320°, obtained 
31%. These two results are not quite consistent, but they tend to 
show that a low pressure militates against a high yield of isoprene. 

Staudinger and Geiger (Helv. Chim. Acta, 1926, 9, 549) distilled 
rubber at ordinary pressure in an atmosphere of carbon dioxide and 
obtained 4-3°%% of crude isoprene. They also showed that rubber 
changes on heating, rapidly above 270°, to a “ polycyclo-caout- 
chouc ” which is more stable than ordinary rubber and does not yield 
isoprene on distillation. Midgley and Henne (J. Amer. Chem. Soc., 
1929, 51, 1215) distilled large quantities of rubber (200 Ib.) in 16-Ib. 
batches by quickly raising the temperature of the retort to 700°. 
They thus obtained a 10% yield of isoprene, together with the three 
isomeric 2-methylbutenes resulting from its reduction, which 
occurred in the same fraction. 

The very extensive work on the production of isoprene from ter- 
penes has given rather contradictory results, By far the best yields 
claimed are those obtained by the method of Ostromisslenski (French 
Pat., 442980, 21/3/12) from dipentene, turpentine oil, ete. Themethod 
consists in boiling a mixture of the terpene and some low-boiling 
solvent, such as benzene, so that the vapour of the terpene is pro- 
duced below its b. p. The mixed vapours are then passed over hot 
metallic wires and the products removed continuously. The 
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vapours are produced at 95—115° and the yield is stated to be 
80—90%. 

In the present work an attempt was made to obtain the maximum 
yield of isoprene (1) from rubber directly, and (2) from the higher- 
boiling fractions obtained as by-productsin (1). Various methods of 
distillation were tried, and the best results were obtained by dropping 
pieces of solid rubber on a hot surface and quickly removing and 
cooling the products. In this way a yield of 16-7% of pure isoprene 
was obtained. The higher-boiling fractions from this process were 
treated in various ways to obtain isoprene, and the best results came 
from a modification of Harries’s “isoprene lamp.” By combining 
the two processes, a total over-all yield of 23% was obtained. 

We encountered much difficulty in estimating isoprene by the 
methods at present in use, none of which was entirely satisfactory. 
We now describe a new method, based on the Diels—Alder reaction 
with maleic anhydride, which gives accurate results when applied to 
mixtures not containing other butadienes. The presence of amylenes 
does not affect the results, which are definitely better than those 
obtained by the methods of Ostromisslenski (J. Russ. Phys. Chem. 
Soc., 1915, 47, 1983) or Lebedev and Yakubchik (J., 1928, 823). 


EXPERIMENTAL. 


The rubber used was either smoked sheet or crépe, of the following analysis 


(%) 


Moisture. Ash, Protein. Resin. Caoutchouc. 
Smoked sheet...... 0-52 0-34 2-18 2-93 94 
CIR nesrsicneiosses 0-79 0-14 2-04 2-02 95 


All the final percentage yields are calculated on the wt. of raw rubber used. 
The type of retort employed is indicated under each expt. Condensation was 
effected by ice—salt, and frequently it was necessary to use two condensers in 
series, ‘Temps. were ascertained by a thermocouple and were generally deter- 
mined at the conclusion of an expt. 

“* Standard Distillation.”—For purposes of comparison, 250 g. of rubber were 
distilled from an Fe retort of 2 1. capacity during 4 hrs., the temp. being 
gradually raised to 580°. In this, and in all other distillations, the distillate 
was divided into four fractions: (1) up to 60°, containing isoprene; (2) 60— 
110°, containing C,H,, ete.; (3) 110—200°, containing dipentene and other 
terpenes; and (4) the remainder, containing polyterpenes, etc. The com- 
parative amount of (2) indicated to some extent whether extreme pyrolysis 
with its consequent secondary changes had occurred, since when the distillate 
was produced at higher temps., this fraction increased. 

Mean values for the “‘ standard distillation ’’ were: Total distillate, 94-5%. 
Fractions (1) 9-5%, (2) 5%, (3) 30%, (4) 50%. Fraction (1) contained 82-5% 
of isoprene. 

Rapid Distillation.—The same procedure as before was followed, except that 
the temp. was raised as rapidly as possible to 650°. The whole operation 
Occupied about 25 mins. The mean result was: Total distillate, 94:5%, 
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Fractions (1) 14-6% (83-6% of isoprene), (2) 3-1%, (3) 27-8%, (4) 49%. This 
result confirms the work of Midgley and Henne (loc. cit.). 

Determination of the Point at which Isoprene is evolved.—The two expts. were 
repeated, but the distillate was collected in several cuts; with a slow distil- 
lation the whole of the isoprene came over in the first half of the time and the 
first 70% of the distillate. With arapid distillation, however, isoprene occurred 
in all but the last of the cuts and in 90% of the total distillate. 

Distillation of Rubber Solutions.—Solutions of rubber in fraction (3) were 
dropped slowly into a heated Cu retort. The best results were obtained from a 
10% solution but only represented a 5-5% yield of fraction (1), the isoprene 
arising from the solvent being allowed for by means of a blank experiment. 

Distillation of Molten Rubber.—Rubber was heated slowly till decomp. had 
proceeded far enough to permit of the residue being sufficiently fluid to flow at 
about 150°. Some distillate was collected during this heating and the fluid 
residue, maintained at about 150°, was dropped slowly into a heated Cu retort. 
The best results were obtained at about 600°, and under these conditions the 
total yield of fraction (1) was 11-6%. The process is slow and clearly has no 
advantage over a direct distillation. 

Distillation of Solid Rubber.—For this distillation an apparatus was devised 
consisting of two pieces of Fe tube joined at right angles. The limbs were 
about 18” long and the internal diameter 1”. Sheet-iron condensers were 
fitted on both limbs, and the apparatus was clamped so that one limb was 
horizontal and the other vertical. Fixed into the top of the vertical limb was a 
long glass tube (the inside tube of a condenser) closed at the upper end by a 
cork. The horizontal limb was connected to the condensing system. 

To operate the retort, the joint between the two limbs, i.e., the bottom of the 
vertical limb, was heated to the required temp., and small pieces of rubber were 
dropped down the glass tube by removing and quickly replacing the cork. By 
this means the solid rubber, without any preliminary heating, was brought 
practically instantaneously to the temp. of the retort. The volatile products 
were removed quickly, and any tendency for the vapours to escape through the 
glass tube prevented, by applying slight suction (about 3 mm. below atm. 
press.) to the end of the condensing system. The sheet-iron condenser on the 
horizontal limb of the retort cooled the vapours quickly below the temp., about 
300°, at which isoprene polymerises to dipentene with any appreciable velocity. 

In these expts., 100 g. of rubber (cut into 1 g. pieces) were used, and a 
distillation occupied about 1} hrs. Expts. were carried out over a wide range 
of temp. and the optimum temp. was found to be 590—600°, the yields falling 
off rapidly on both sides. Typical results were as follows : 





Total Fractions, %. 
distillate, Z 
%: (1). (2). (3). (4). 
540° 89 16-5 5-6 29-4 37:5 
570 88-1 18-5 6-2 30-3 33-1 
600 86-8 19-9 6-5 27-9 32-5 
610 86-1 18-3 6-9 27-6 33-3 
650 76-1 15-1 8-0 23-9 29-1 


Fraction (1) contained an average of 84% of isoprene and this gives a max. 
yield of 16-7% of isoprene from the distillation of the rubber. The highest 
yield previously recorded was 10%, and as the isoprene was separated only by 
fractionation (Midgley and Henne, loc, cit.), it was probably not quite pure. 
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Cracking of Fractions (3) and (4).—Attempts were then made to obtain 
isoprene from fractions (3) and (4) by, in general, the methods usually employed 
in similar work on the terpenes, The figures recorded below refer in each case 
to the optimum temp. 

(a) Fractions (3) and (4) separately dropped slowly into the Fe tube retort 
at 580—610° gave 7-2% and 4-4% respectively of fraction (1), which mow 
contained only 72% of isoprene. 

(6) An emulsion consisting of 100 g. of fraction (3) with 50 g. of H,O, dropped 
slowly into a heated Cu retort, gave 6-8% of fraction (1) at 600—650°, and 
fraction (4) under similar conditions gave 3-6% of fraction (1) at 630—650°. 
It had been hoped that the steam produced would help to remove the vapours 
more quickly from the hot zone, but there was no advantage in the method. 

(c) The vapour of fractions (3) and (4), passed separately through a heated 
SiO, tube, gave 7-5% and 4-4% respectively of fraction (1) at 580—610°. 

(d) The vapour of fractions (3) and (4) was passed over a heated Pt wire in 
an apparatus similar to the “‘ isoprene lamp ”’ of Harries and Gottlob (Annalen, 
1911, 383, 228). A coil was made consisting of 1 m. of 0-01’ Pt wire wound on 
mica formers. This was suspended in a 1-1]. Pyrex flask in such a position that 
the returning reflux liquid did not fall on the wire. The best results were 
obtained by using a current of 4-0—4-2 amps. at 200 volts, the distillate being 
taken from the top of an air-cooled reflux condenser. 100 G. of fraction (3) 
required 1 hr.’s treatment, and the yield was 17-4% of fraction (1), containing 
78:2% of isoprene. The higher-boiling portions of the distillate were re- 
treated 3 or 4 times, giving decreasing yields each time, the total yield being 
21-8% of fraction (1) and 17-2% of pure isoprene. Fraction (4) treated in the 
same way yielded very little isoprene. A very slight improvement in yield 
was obtained by diluting fraction (3) with C,H, (cf. Ostromisslenski, loc. cit.). 

Combining the yields from the above process with those from the distillation 
of solid rubber, a total yield of 23% of pure isoprene was obtained, cale. on the 
rubber used. 

The Estimation of Isoprene.—Exhaustive expts. on the dichloro-compound 
method of Ostromisslenski and the sulphone method of Lebedev and Yakub- 
chik showed that they give low results. By fractionation it is difficult to get 
strictly pure isoprene, and, moreover, during the process there is some loss by 
polymerisation. We therefore attempted to apply the Diels-Alder reaction 
for purpose of estimation. The procedure adopted is essentially that of Farmer 
and Warren (J., 1931, 3221). A weighed quantity of the mixture to be 
estimated was distilled from Na to remove traces of H,O. About 10 g. of pure 
C,H, were weighed into a tared, well-stoppered bottle, about 2 g. of the mixture 
added, the whole weighed, and immediately placed in ice-salt. Just over 4 g. 
of commercial maleic anhydride (m. p. 54°) (rather more than twice the 
expected wt. of isoprene in the mixture) were weighed into a beaker and 
warmed with about 10 g. of pure benzene until dissolved. The solution was 
cooled and poured into the tared bottle, which was immediately stoppered and 
returned to the ice-chest for 12 hrs. The exact wt. of maleic anhydride added 
was found by evaporating the few drops of C,H, left in the beaker, weighing 
the residue, and subtracting this from the original wt. taken. The contents of 
the bottle were next transferred to a Carius tube, and the sealed tube heated 
at 100° for 2hrs. After cooling, the contents of the tube, together with the C,H, 
washings, were evaporated at room temp. and reduced press. On adding pure 
dry Et,O to the residue and again evaporating in the same way, dry white 
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crystals were obtained and weighed. The gain in wt. of the maleic anhydride 
represented the wt. of isoprene present in the original mixture. 

The method was tested by preparing strictly pure isoprene from the sulphone 
and then estimating its purity. Duplicate expts. in each case gave a result 
of exactly 100%. Further, mixtures were made of this pure isoprene with 
amylenes, and the results confirmed the accuracy of the method. Details of 
one determination are given : 





Maleic anhydride, 4-2613 g. 


: Amylenes, 1-5120 g. " 
Mixture Compound recovered, 6-0534 g. 
| Ipogeene, 1°7555 g. Isoprene found, 1-7921 g. 
University Cotiece, CARDIFF. [Received, June 24th, 1932.] 





332. The Behaviour of Chelate Groupings Attached 
to Platinum and to Palladium. 


By H. D. K. Drew. 


Dickivson has shown that the anions of crystalline K,PdCl, and 
K,PtCl, are planar, and Cox (this vol., pp. 1015, 1912) that the 
kation of [Pt(NH,),]Cl, is likewise planar. If, however, it be assumed 
from this that the kations of pallado- and plato-tetrammines, 
generally, are planar in form, it must follow that those tetrammines 
which contain a chelate group are all cis-compounds; for chelate 
groups admittedly cannot span trans-positions in a planar formula, 
It is shown in the present paper that, whereas in the degradation of 
pallado-tetrammines containing chelate groups cis-elimination of 
groupings takes place exclusively (this vol., p. 1902), in the degrad- 
ation of plato-tetrammines containing the same groups trans- 
elimination occurs. Either, therefore, the tetrammines cannot be 
all of planar structure, or Werner’s principle of the trans-elimination 
of groups is not valid. In either event it must follow that something 
more than a stereochemical reason is required to account for the fact 
that only certain of the possible combinations of groupings are set 
free in any particular case. The theory already advanced (this vol., 
pp. 1006, 1903) is independent of any stereochemical assumption as 
to the forms of the tetrammines and is the only theory which accounts 
for the whole of the facts. 

Jérgensen (1889) prepared from potassium chloroplatinite and 
ethylenediamine the yellow compound, PtenCl,, which is a 6- 
diammine because with ammonia it gives a 6-tetrammine, 
[Pt(NH;,), en]Cl,, identical with that prepared from $-Pt(NH,),Cl, 
and ethylenediamine. Similarly, with ethylenediamine Pt en Cl, 
gives [Pt en,]Cl,, which is likewise of $-structure. It is now found 
that, when treated with hydrochloric acid, the latter tetrammine 
eliminates an a-pair of linkings giving the dihydrochloride, 
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PtCl,(NH,°C,H,-NH,Cl), (I), which forms a red plato-salt, 
(PtCl,(NH,°O,H,-NH,),|PtCl; (II). This is confirmed by the 
behaviour of [Pt(NH,), en]Cl,, which similarly gives the mono- 
hydrochloride, PtCl,(NH,)(NH,°C,H,*NH,Cl), forming a lilac plato- 
salt, [PtCl,(NH,)(NH,°C,H,-NH;,)],PtCl,. 

When the dihydrochloride (I) is treated with cold dilute caustic 
soda the chelate loops close up again, with loss of two molecules of 
hydrogen chloride, forming the $-tetrammine, [Pt en,]Cl, (above) 
which gives a violet plato-salt, [Pt en,JPtCl, (III). Similarly, the 
red plato-salt when brought into contact with dilute alkali closes up 
again, without dissolving, into the above violet plato-salt : 


~_- 
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The red plato-salt (II) isclearly a substitution productof (NH,),PtCl,, 
two hydrogen atoms of the latter having been replaced by the bi- 
valent grouping PtCl,(NH,°C,H,-),, and therefore the positive 
charges are associated with the nitrogen atoms, as is further shown 
by the marked solubility of the salt in warm water. During the 
closure shown in the scheme above, the anionic grouping PtCl,’’ 
remains unaltered, and therefore the chlorine atoms removed are 
those of the PtCl, grouping of the kation. Thus, unless a rearrange- 
ment of charges takes place during the closure, it must follow that 
the positive charges of the kations of the plato-salts are located upon 
nitrogen atoms in «-positions. A similar argument applies to the 
tetrammine itself. 


EXPERIMENTAL 


B-Pten Cl, was prep. by the action of cold aq. ethylenediamine upon 
K,PtCl, aq., the yellow ppt. being filtered off before the deposition upon it of a 
reddish impurity had begun. The product before recrystn, consisted of 
yellow rectangular needles (A) which gave a feeble red coloration with phenox- 
tellurine dibisulphate; when cryst. from H,O or from dil. HCl aq., it consisted 
of similar needles (B) of lighter shade, which no longer gave a coloration with 
phenoxtellurine dibisulphate and were somewhat less sol. in boiling H,O 
(1 g. dissolves in about 115 c.c.) (Found: in A, Pt, 59-85; in B, C, 7-55; H, 
2-55; N, 8-7; Pt, 59-75. Cale.: C, 7-35; H, 2-45; N, 8-6; Pt, 59-85%). 
The obs. mol. wt. of B in boiling H,O (M, 300—400) indicated that the com- 
pound was monomeric, but the elevation of b. p. was only about 0-01°. 

B-[Pt en,]Cl, was prep. by the action (4 weeks at room temp. or 1 hr. at 100°) 
of aq. ethylenediamine upon the above diammine, both specimens (A and B) 
of the latter giving the same product. The tetrammine forms colourless, 
massive, rhomboidal prisms or long needles from H,O, from which it crystallises 
readily; it is anhydrous (Found; Pt, 50-0, 50-7. Cale.: Pt, 50-5%). The 
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action of ethylenediamine aq. upon a-Pt(NH;),CI, invariably gave this tetram- 
mine, whether carried out at room temp. or with heating; even when only 1 
mol. of ethylenediamine was used, NH, was still displaced (Found: Pt, 50-1; 
50-55%). The tetrammine forms a plato-salt (III) consisting of lilac-violet, 
rectangular needles or plates, comparatively sparingly sol. in boiling 5N-HCI; 
it is not blackened when heated to 260° (Found: Pt, 59-55, 60-0. Cale. : 
Pt, 59-85%). 

Action of Hydrochloric Acid upon B-[Pt en,]Cl,.—When the tetrammine 
was dissolved in a little H,O, and the solution mixed with much cone. HCl and 
heated at 100° during 6—9 hrs., the cooled solution deposited a pale-yellow 
ppt. consisting mainly of (I) (yield ca. 45% of theoretical), together with 
B-Pt en Cl, (yield 14%). These two substances were readily separated, only 
the former being sol. in cold H,O (Found in the £-Pt en Cl,: Pt, 59-6, 60-0, 
60-0. Cale.: Pt, 59-85%). Evidence has been obtained that the small 
proportion of £-Pt en Cl, is the result of a secondary reaction involving closure 
of an open chain. [Pt(en H),Cl,]Cl, (I) formed minute pale cream-yellow 
needles, readily recryst. from dil. HCl (Found: C, 10-6; H, 3-95; Pt, 43-1, 
42°75. C,H,,N,Cl,Pt requires C, 10-45; H, 3-9; Pt, 425%). The dihydro- 
chloride, which gives no coloration with phenoxtellurine dibisulphate, changes 
again into £-[Pt en,]Cl, when treated with a little NaOH aq. or ethylenediamine, 
but not when treated with ethylenediamine dissolved in dil. HCl. It gives a 
red plato-salt (II), stout, hexagonal needles or complex prisms, readily sol. in 
hot dil. HCl and even in hot H,O (Found: C, 6-75; H, 2-6; Pt, 54-1, 53-7. 
C,H,,N,Cl,Pt, requires C, 6-6; H, 2-5; Pt, 53-8%). When this plato-salt is 
moistened with cold dil. NaOH it at once changes into the violet salt (IT1). 

Action of Aqueous Ammonia upon B-Pt en Cl,.—A number of expts. under 
different conditions were carried out on both specimens (A and B) of the 
diammine. These are briefly summarised below. 

(a) The diammine (A) dissolved in excess of conc. NH, aq. in 3—5 days at 
room temp. or in 1 hr. when warmed. On evaptn., the liquid left a cryst. 
residue of the mixed tetrammine. 

B-Diamminoethylenediaminoplatinous chloride, prep. in this manner, separated 
from aq. EtOH in thin, colourless rectangular or hexagonal leaflets of pearly 
lustre (Found : Pt, 54-65, 53-8, 54-4, 54-6, 54-4, 54-58. C,H,,N,Cl,Pt requires 
Pt, 54:2%). It gave a plato-salt, forming lustrous, pale lilac-blue, woolly 
bundles of slender pointed needles, unaltered whenrecryst. from dil. HCl (Found: 
C, 4-1; H, 2-3; Pt, 62-0, 62-2. C,H,,N,Cl,Pt, requires C, 3-8; H, 2-2; Pt, 
62-35%). There was some evidence that the above mixed tetrammine forms 
a dihydrate when cryst. from H,O alone. 

(6) When the diammine (B) was treated in the above manner, it dissolved 
more slowly (about 10 days at room temp.). The mixed tetrammine was then 
obtained, after recrystn. from aq. EtOH, in large, colourless, square-ended or 
hexagonal prismatic needles, or in cubic crystals, not having a pearly lustre 
(Found: C, 6-8; H, 3-95; Pt, 54-1, 546%). Some evidence that a mono- 
hydrate exists was also obtained. The mixed tetrammine, thus prep., gave ® 
purplish-violet plato-salt crystallising in short, dense, flat, rectangular prisms, 
retaining this form on recrystn. from dil. HCl; this salt blackened without 
melting on being heated to 200—240° (Found: C, 4-3; H, 2:4; Pt, 62-35%). 

Action of Aqueous Ethylenediamine on B-Pt(NH;),Cl,.—The B-plato-diammine 
dissclved in excess of aq. ethylenediamine in about a week at room temp., the 
mixed tetrammine obtained being then of nacreous appearance and similar to 
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that under (a) above (Found: Pt, 53-95%). It gave a plato-salt also similar 
to that under (a) (Found : Pt, 62-2%). When, however, the f-plato-diammine 
was dissolved in hot NH, aq., the mixed tetrammine and its plato-salt 
approximated more closely in appearance to those obtained under (5). 

The differences between the two ‘ forms’ of mixed tetrammine, and of their 
plato-salts, obtained in the foregoing expts. were so slight as to suggest that 
the substances are really identical in the ordinary sense of the term. Their 
solubilities did not appear to be independent. The ‘forms’ in each case 
seemed to be related much as are the two forms of a dimorphous substance, 
except that they did not appear to be interchangeable, The absence of the 
latter property might be due to an impurity in one of them ; but this hypothesis 
is not entirely satisfactory and crystallographic work is being carried out to 
decide the point. Similar remarks apply to the two specimens (A and B) of 
the B-plato-diammine. 

Action of Hydrochloric Acid on f-[Pt en (NH,),]Cl,—When the mixed 
tetrammine was dissolved in a little cold H,O and heated for 8 hrs. at 100° with 
a large excess of conc, HCl, a test sample of the liquid gave no ppt. with 
K,PtCl,. On cooling, a cryst. yellow ppt. of the monohydrochloride (below) in 
an almost pure state was obtained; a second crop, which separated later from 
the mother-liquor, was found to consist of the same substance contaminated 
with B-Pt en Cl, (yield, 4%). The total yield of the monohydrochloride was 
50%. 

[Pt(en H)(NH;,)Cl,]Cl was a yellow cryst. powder, fairly readily sol. in cold 
H,0; it was crystallised from 5N-HCl and dried over solid KOH and P,O, 
(Found : Pt, 51-65. C,H,,N,Cl,Pt requires Pt, 51-4%). It gave no coloration 
with phenoxtellurine dibisulphate and was blackened by NaOH aq. The 
substance gave a plato-salt, which formed very thin, silky, lilac-pink, square 
plates, readily sol. in boiling H,O and giving a brilliant red coloration with 
phenoxtellurine dibisulphate (Found: C,4-9; H, 2-4; Pt, 57-1. C,H,,N;Cl,Pt, 
requires C, 4-7; H, 2-35; Pt, 57-1%). 


Summary. 

(1) The ethylenediamino-group cannot span the «-positions in 
the case of platinum, but can do so with palladium. 

(2) In the case of platinum, this chelate group can be opened and 
closed again by suitable reactions in a manner which agrees with the 
theory given in former papers. In the case of palladium, the be- 
haviour of the chelate group has already been shown to be entirely 
different, but still in accord with the theory. 

(3) Werner’s theory of trans-elimination of the ammine groups 
of tetrammines cannot hold for both platinum and palladium, 

(4) It is deduced that the positive charges of plato-tetrammines, 
and of their plato-salts, probably reside upon the «-pairs of nitrogen 
atoms and not upon platinum. 


The author thanks H.M. Department of Scientific and Industrial 
Research and the Chemical Society for grants. 
East Lonpon COLLEGE. [ Received, May 26th, 1932.] 
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333. Studies in Solvent Influence. Part V. Dipole 
Moment of Solvents and the Rotatory Power of 
Dissolved Menthyl Dialkylmalonates. 


By H. Gorpon Ruiz and Jamzs T. R. Ritcuie. 


In a former communication the optical properties of /-menthyl 
malonates of the general type C,)>H,,0,C-CR,"CO,M were discussed, 
(R = H, Me, or Et; M = H, Na, or /-menthyl]) (Rule and Harrower, 
J., 1930, 2319). It was found that, as the bulk of R increased, the 
rotatory power of the menthyl hydrogen malonates (M = H) rose 
steadily, but that a continuously greater fall in rotation occurred 
when the free acids were converted into their sodium salts. Among 
the dimenthy] malonates, the rotatory powers decreased as R. became 
larger. All these changes are analogous to those taking place in the 
substituted menthyl benzoates, X-O,H,CO,C,,H,, as the sub- 
stituent group X (CO,H, CO,Na, or CO,C,,H,,) is moved from the 
p- to the o-position, and on the basis of the Thorpe—Ingold valency 
deflexion hypothesis it was suggested that they may be related to the 
diminishing distance between the two carboxylic complexes as the 
bulk of the alkyl group increases. 

In the present paper this comparison has been extended to the 
malonic derivatives in which R is a propyl or butyl radical, and a 
comparative examination of the rotatory powers of the whole series 
of di-esters has been made in various solvents, with a view to 
determine whether any definite connexion exists between the 
observed magnitudes and the polar nature of the solvent medium. 
Polar regularities of this kind have previously been noted only in the 
case of aromatic compounds of the type of menthy] 8-substituted-1- 
naphthoates and §-octyl o-substituted benzoates, in which there is a 
close spatial relationship between the two groups attached to the 
aromatic nuclei (Rule and McLean, J., 1931, 674; this vol., pp. 1400, 
1409; Rule and Hill, J., 1931, 2652; Rule and Tod, J., 1931, 
1932). 

Influence of the Alkyl Group on the Rotatory Power.—As may be 
seen from Fig. 1 and Table I, the general tendency already noted for 
the dimenthy] esters of dialkylmalonic acids to give lower rotatory 
powers as the bulk of the alkyl group increases is maintained in the 
dipropyl and dibutyl derivatives, except that a temporary break in 
the downward movement occurs with some solvents at the dipropy! 
compound. Dimenthyl dipropylmalonate is also abnormal in 4 
number of other ways; ¢.g., it has a higher m. p. and lower solubility 
than any of the other homologues so far examined. With the 
dibutylmalonate the magnitude of the depression is remarkable in 
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view of the almost negligible differences observed among the rotatory 
powers of the corresponding esters of monobasic aliphatic acids. 
In the malonic esters, however, the probability of the ends of the 
propyl or butyl chains returning at any given instant to the neigh- 
bourhood of the carboxylic oxygen atoms is greatly increased, owing 


Fie. 1, 


Rotatory powers of di-l-menthyl malonate and dialkylmalonates dissolved in 
benzene derivatives, 
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l i l L 
>CH, >CMe, >CEt, >CPr, >CBu, 
(CH, =malonate, CMe, = dimethylmalonate, etc.) 


to the fact that both chains are attached to the central malonic 
carbon atom. Their positions relative to the ester groupings are 
thus to some extent fixed, and their areas of movement restricted. 
The data obtained for the menthyl hydrogen malonates and their 
sodium salts are summarised in Fig. 2, from which it is seen that 
these compounds also exhibit maxima, the one for the salts occurring 
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at the dipropylmalonate and that for the free ester-acid extending 
over the diethyl and dipropyl derivatives. Despite their general 
dissimilarity, therefore, the optical diagrams of the di-esters, ester- 
acids, and ester-salts resemble one another in showing maxima at or 
about the dipropylmalonates, followed by a sudden fall to the 


|-Menthyl hydrogen esters of dialkylmalonic acids, CyH,g0,C°CR,°CO,H. 
1. In alcohol; 2. in benzene; 3. sodium salts in alcohol (c = 5). 
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>CH, >CMe, >CEt, >CPr, 
(CH, = malonate, CMe, = dimethylmalonate, etc.) 










critical length. 


>CBu, 


dibutylmalonates. This point of resemblance is in all probability 
connected with the growing alkyl chains, which are here of the 


Variation of Rotatory Power with Polarity of Solvent.—The com- 
plete data for the rotatory powers of the dimenthyl esters of this 
group when dissolved in a variety of solvents are contained in Table 
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TABLE I. 
I. Rotatory Powers, [M];4,, of Neutral 1-Menthyl Esters (c = 5, 
t = 20°). 


, Dialkylmalonates, OR,(CO,0,,H4,5)2- 
, yy ~,  Oxal- Phthal- Acet- 




































: Solvent. ux10"%. R=H. R=Me. R=Et. R=Pr. R=Bu. . ate. ate. ate. 
cycloHexane ...... 0 —331° —294° —292° -—314° —262° — 411° —497° —189° 
Mesitylene ......... 335 305 296 310 244 415 496 185 
Benzene .... 325 294 261 288 227 433 504 191 
Toluene ......5..05. ° 322 288 257 280 215 — 494 185 
BED Sensvcceczite “28 330 298 269 279 211 417 482 185 
Chlorobenzene ... 1°55 = —- — 271 200 437 475 184 
Bromobenzene ... 1-55 -= 287 — 266 194 o— 477 184 
Iodobenzene ...... 1-50 (?) 326 293 263 260 180 -- 479 — 
Benzaldehyde ... 2-75 = — — 256 177 —- 467 183 
Benzonitrile ...... 3-85 332 280 275 247 162 446 459 179 
Nitrobenzene ...... 3-89 324 290 282 254 165 432 442 175 
Maximum range 13 25 35 67 100 35 62 16 


Note.—In order to save space, no experimental details are quoted. The majority of the rotations 
were determined in a 2-dm. tube, giving an observed a,,,, which varied from 3-234° for the dibutyl- 
malonate (in O,H,-ON) to about 9—12° for the malonate, acetate, phthalate, and oxalate. 


I. In view of the very low solubility of certain of the di-esters in 
aliphatic solvents and the fact, already established in earlier investi- 
gations, that aromatic solvents are more regular in their action than 
those of simple aliphatic type, the present examination was limited 
tosolvents derived from benzene. Apart from one or two exceptions, 
the same solvents were employed for each ester; they ranged from 
the non-polar cyclohexane, mesitylene, toluene, benzene, and the 
weakly polar anisole and halogenated benzenes, to the strongly polar 
benzaldehyde, benzonitrile, and nitrobenzene. 

Two main generalisations emerge. Among individual esters the 
maximum observed variation in molecular rotatory power is very 
small (13°) for the unsubstituted dimenthyl malonate; but the 
differences are greater for the dimethylmalonic ester (25°) and in- 
crease steadily in the higher homologues until in the dibutylmalonate 
they exceed 100°. Further, the only compounds which reveal any 
simple relationship between the magnitude of the rotatory power 
and the dipole moment of the solvent are the dipropyl- and dibutyl- 
malonates, in which the variation is large. With these esters there 
is a remarkable parallelism between the two properties, the highest 
rotations being given in non-polar solvents and the lowest in those 
of a strongly polar nature. As in previous communications, it is 
assumed that the changes are due to the internal electrical field of 
the polar groups in the active solute becoming neutralised, to a 
smaller or greater extent, by dipole association with the polar solvent. 
y The general behaviour of the malonic derivatives under discussion is 
e illustrated in Fig. 1, in which, owing to the necessarily small scale 
of reproduction, only four typical solvents have been included. This 
diagram clearly shows the growing sensitivity towards solvent 
influence as the length of the alkyl chain increases, and also indicates 
the irregularities encountered among the three lower homologues. 
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Such a pronounced modification of the solvent effect following a 
relatively small change in the alkyl group was unexpected and led 
to similar determinations being made with dimenthy] oxalate and 
dimenthyl phthalate, both of which bear a structural resemblance 
to the malonates. Menthyl acetate was also examined, as re- 
presenting the simple mono-ester type. Molecular rotations for 
these compounds are given in Table I, from which it is seen that for 
the same series of solvents the values for the oxalate only vary over 
35° and exhibit little or no regularity in their arrangement. In this 
particular case the highest rotation is given in nitrobenzene and the 
lowest in cyclohexane, an inversion of the usual order of influence 
for menthy]l esters. On the other hand, with dimenthyl phthalate 
and menthy] acetate the agreement is excellent, least polar solvents 
again yielding the most highly active solutions. 

The case of menthyl acetate is of particular interest, not only 
because the maximum variation in rotatory power is so small 
(16°), but also because the regularity of the solvent effect indicates 
that polar influences may be observed with comparatively simple 
types of active esters, and are not therefore limited to molecular 
structures containing two polar groups in close spatial proximity, 
such as the higher malonic esters and ortho- and peri-derivatives of 
aromatic hydrocarbons. We are also led to infer that the absence of 
any definite solvent relationship in the oxalate, malonate, and the 
dimethyl- and diethyl-malonic esters is due to the operation of some 
disturbing factor, and that this either disappears in the dipropy] 
and dibutyl derivatives or becomes subordinated to a new influence 
which is again responsive to the polarity of the surrounding medium. 

Optical differences of the type under discussion would be anti- 
cipated if the esters varied in their degree of association in non-polar 
solvents, so that the oxalate and malonate were relatively strongly 
associated and the two highest homologues existed largely in the 
unimolecular state. In this case molecular association in hydro- 
carbon solvents would depress the rotation, for the same reason that 
a diminished rotatory power is found in highly polar media owing to 
association between solute and solvent. The result would be 4 
general flattening out of the solvent effect and an absence of regular- 
ities, Esters, however, do not as a class undergo appreciable 
association, and no support for the foregoing supposition is to be 
found in the following values (cryoscopic) of molecular weights for 
5% solutions in benzene : 


Ester. M, cale. M, found. 
Dimenthyl oxalate ............. 366 343 
Dimenthyl dibutylmalonate . .... 492 469 


A possible explanation of the observed solvent effects is that the 
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polar groups in di-esters such as menthyl oxalate and malonate 
differ from those in the acetate in being more effectively screened by 
the bulky menthyl radicals, and hence are not readily approached 
by the solvent dipoles. In this case the regularities among the two 
higher dialkyl derivatives may be ascribed to secondary influences 
exerted through the medium of the growing chains, which are of the 
critical length. 

It may be noted, in this connexion, that the maximum rotatory 
power exhibited by the dipropylmalonate (see Fig. 1 and Table I) 
is very pronounced when the ester is dissolved in non-polar solvents, 
less marked in weakly polar solvents such as anisole, and disappears 
altogether in nitrobenzene and benzonitrile, which are strongly 
polar. These changes throw an interesting light on the suggestion 
of Frankland (J., 1912, 101, 660) that “‘ some solvents should permit 
amore unrestricted development of the rotatory effect of the homolo- 
gous group than is the case when the same compounds are examined 
in the liquid condition.” The correctness of this view was established 
by the work of Pickard and Kenyon, more especially on secondary 
alcohols of the type CH(OH)EtR (see also Kenyon, Trans, Faraday 
Soc., 1930, 439), the effects being considerably accentuated in 
benzene or alcoholic solution. From the standpoint of the present 
series of communications, the spatial influence of the returning alkyl 
chain on the ester grouping may be compared to that exerted by an 
ortho- or peri-substituent in menthyl benzoate or naphthoate, which 
has been shown in various cases to attain a maximum in non-polar 
or weakly polar solvents. No detailed examination has been made 
of the influence of aliphatic solvents on the rotatory powers of the 
di-esters, but the diagram for ethyl alcohol, if inserted in Fig. 1, 
would run approximately parallel to that of benzene and about 50° 
aboveit. Inthe case of the homologous menthyl hydrogen carboxy]- 
ates of the type C,,H,,0,C-[CH,],°CO,H, where the returning chain 
ends in a carboxyl group, it has been found that the periodical 
deviations are small in alcohol as solvent but large when benzene is 
employed (Rule, Hay, and Paul, J., 1928, 1350, 1353). Hence it 
may be concluded that in general these effects are most pronounced 
in solvents of low polarity. 


EXPERIMENTAL, 


The solvents employed for the optical measurements were purified by the 
methods described by Rule and McLean (J., 1931, 689). 

Di-l-menthyl dipropylmalonate, after five recrystns. from EtOH, was isolated 
in the form of fine monoclinic erystals, m. p. 94°, having a constant rotation of 
[MTim — 288° in CgH, (c = 5) (Found: C, 746; H, 11-1. CO, gH,,0, requires 
C,74-9; H, 11-3%). 
l-Menthyl hydrogen dipropylmalonate was the only acid ester of this group to 
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be isolated as a solid. It was prep. and purified in the same manner as the 
corresponding hydrogen diethylmalonate (loc. cit.) and formed a white powder, 
m. p. 41—42°, [M}{,, — 207° in EtOH (c = 5) (Found: C, 70-2; H, 10-7, 
C,9H5,0, requires C, 69-9; H, 105%). The solutions of the Na salts of this 
and the following hydrogen dibutylmalonate required for the optical measure- 
ments were obtained by adding the calc. amounts of ale. EtONa to the ester. 
acids dissolved in EtOH. 

Di-\-menthyl dibutylmalonate separated from EtOH in fine monoclinic needles, 
m. p. 58°, [M]sag, — 227° in C,H, (c= 5) (Found: C, 758; H, 11:5. 
C,,H,,0, requires C, 75-5; H, 11-5%). 

1-Menthyl hydrogen dibutylmalonate resembled the majority of the earlier 
homologues in being a viscous syrup at room temp.; [M]?;, — 162° in C,H, 
(c = 5) (Found: C, 70-8; H, 10-6. C,,H;,0,; requires C, 71-1; H, 10-8%). 

l-Menthyl acetate (B.D.H.) was fractionated under reduced pressure, the 
main fraction giving [a]\?’ — 79-45°. Tschugaeff (Ber., 1898, 31, 364) records 
[a]? —79-42°. 

The samples of dimenthy] malonate, dimethylmalonate, and diethylmalonate 
used were those prep. by Rule and Harrower (loc. cit.), and the following esters 
were prep. by the sodium menthoxide catalytic method employed by those 
authors. 

Dimenthyl phthalate was prepared by Arth (Ann. Chim. Phys., 1886, 7, 
485) and later by Cohen (J., 1916, 109, 232), who obtained @ product of different 
m. p. and rotatory power. Phthalic anhydride (29-6 g.) and menthol (62-4 g.) 
were heated together at 135—140° for 40 hrs. The reaction mixture gave the 
neutral di-ester (15 g.; 17%) and a larger amount (45 g.) of acid ester. The 
m. p. and rotatory power of the former were as follows, the values recorded by 
Arth and Cohen being also given for comparison. 


R. & R. A. C. 
A a 133° 133° 99° 
NA PL SN —96-5° (c=5) —94-7°  —100-5° 


Dimorphism of Menthyl Oxalate.—This compound had previously been prep. 
by Tschugaeff (Ber., 1902, 35, 2474), Zelnikoff (Ber., 1904, 37, 1378) and 
Hilditch (J., 1909, 95, 1579), either by heating menthol and oxalic acid for 
several hours under reflux or by treating oxalyl chloride with menthol. In each 
ease firm octahedra of m. p. 68° were obtained. 

During the present investigation the ester was prep. by drawing a current of 
air through a mixture of methyl oxalate (10 g.) and menthol (40 g.) containing 
a trace of sodium menthoxide (0-3 g. Na) and maintained at 90—110°. When 
no more MeOH distilled, the residue was cooled, taken up in light petroleum, 
and the solution washed successively with acid, alkali, and H,O, and then dried 
over CaCl,. The solvent and excess menthol were removed by distillation, 
eventually under reduced pressure, and the oxalate fractionated, b. p. 222— 
224°/1lmm. On being cooled in a bath of solid CO,-Et,O, dimenthy! oxalate 
solidified, forming octahedra, m. p. 39°, unchanged after repeated recrystns. 
from light petroleum or after standing in a vac. desiccator; 2 months later 
the m. p. had risen to 68°. Both forms had the same molecular rotation, 
[Mjx;, —433°, in C,H, (ec = 5). Pickard and Kenyon, using a sample of ester 
prepared by Cohen, record [M]?#,, —425° in the same solvent. It appears, 
therefore, that this is a case of dimorphism, but unfortunately several further 
preps. by each of the above methods gave only a product of m. p. 68°. 
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In addition to the optical data recorded for the di-esters in various solvents 
(Table I), determinations were also made with the neutral and acid esters in 
EtOH and C,H, for four wave-lengths (Table II; ¢ = 20°; 1 = 2). 


TaBLeE II. 
Solvent. c. [MYpcc. (Mos. [Mon [Mare 
Di-l-menthyl dipropylmalonate.* 
Benzene .......... 3-996 — 189° —258°  —287° — 488° 
eS aa 2-068 — 207 — 279 — 337 — 539 


* It was not possible to obtain a concentration of c = 5 in this case. 


1-Menthyl hydrogen dipropylmalonate. 


Benzene .......... 4-994 — 135 — 184 — 212 — 331 
ere 5-052 — 137 — 170 — 207 — 306 
Nasaltin EtOH .. 4-018 — — — 176 — 
Di-|-menthyl dibutylmalonate. 
OTE 5-012 — 145 — 187 — 227 — 358 
EE Sc owe Sate 4-954 — 187 — 141 — 287 — 476 
1-Menthyl hydrogen dibutylmalonate.t 
ND 6s in w bie 616,014 5-200 —_ — — 162 — 
ON LS-Uid ie be ald < 4-947 — — — 165 — 
Nasaltin EtOH .. 4-184 — — — 135 — 


F t Solutions too strongly coloured to obtain satisfactory readings except 
OF Agger: 


In so far as may be judged from the limited range of wave-lengths employed, 
the dibutylmalonate resembles the homologues previously studied in exhibiting 
relatively simple dispersion. The neutral dipropylmalonate in EtOH and 
C,H,, and the corresponding acid ester in EtOH, possess definitely complex 


dispersion. 
Summary. 

An investigation of the optical properties of the menthy] esters of 
malonic and dialkylmalonic acids in solution leads to the following 
main conclusions. 

(a) The rotatory powers of the di-esters fall as the alkyl chain 
increases from methyl to butyl. A temporary maximum occurs at 
the dipropyl derivative, which is accentuated when the ester is 
examined in solvents of low polarity but disappears altogether in 
the presence of highly polar media. 

(6) The sensitivity of the di-esters towards solvent influence 
increases with the length of the alkyl chain. Using a series of eleven 
benzene derivatives as solvents, it is found that the molecular 
rotation of the dipropyl- and dibutyl-malonates varies with the 
dipole moment of the solvent medium. A similar relationship is 
exhibited by menthyl acetate and dimenthyl phthalate. No 
regularity could be traced in the case of the malonate, dimethyl- and 
diethyl-malonates, or with the oxalate. 
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(c) Dimenthyl oxalate has been obtained in a low-melting form, 
m. p. 39°. 


The authors are indebted to the Moray Fund for a grant. 


EprnsurcH UNIVERSITY. (Received, June 23rd, 1932.] 





334. Intermetallic Compounds formed in Mercury. 
Part IV. Summary of Work on the Sn-Cu, 
Sn-Fe, Zn—Cu, Zn—Fe, Cd-Cu, Hg—Cu, Mn-Cu, and 
Zn-Mn Systems. 


By ALEXANDER S. Russetx, T. R. Kennepy, J. Howrrrt, 
and H. A. M, Lyons. 


THIS paper summarises extensions of previous work on the Sn-Cu, 
Zn-Cu, Zn—Fe, and Sn—Fe systems (this vol., pp. 842, 852, 857) and 
new work on the Hg-Cu, Cd-Cu, Zn—Mn, and Mn-Cu systems. 
The methods of investigation are the chemical ones described earlier; 
44 new compounds are mentioned. 

Copper Mercurides.—The new compounds formed in mercury 
have empirical formule Cu,Hg, Cu;Hg,, CugHg;, Cu;Hg,, Cu,Hg,, 
CuHg,, Cu,Hg, and CuHg,;. The first three of these, the compound 
CuHg earlier reported, and the next three, may be respectively 
formulated as 8, 8,T, ST,, T, T,U, TU,, and U respectively, where 
8, T, and U represent Cu,Hg, Cu,Hg,, and CuHg, respectively. 
Four of the compounds thus appear to be analogous to U,0, or 
Fe,0,, i.¢e., compounds of simpler ones. The eight compounds 
found may, therefore, be reduced to Cu,Hg, Cu,Hg, CuHg, CuHg,, 
and CuHg,. In previous work, CuHg and possibly Cu,Hg, have 
been found by X-ray methods (Katoh, Z. physikal. Chem., 1929, 
B, 6, 27; Bull. Chem. Soe. Japan, 1930, 5, 13; Terrey and Wright, 
Phil, Mag., 1928, 6, 1055); two compounds of undetermined 
formule were found by thermal and micrographic work by Tammann, 
Mansuri, and Stassfurth (Z. anorg. Chem., 1923, 132, 65; 1925, 
143, 357). 

Relation of the Systems.—In Table I the principal compounds of 
six systems investigated are arranged for comparison. The arrange- 
ment is that described earlier (this vol., p. 865). Compounds 
previously announced are given in parentheses. 

The table brings out the equivalence of copper and iron, and the 
close, although not exact, similarity of the formule of the com- 
pounds of cadmium and copper and of those of zinc and iron. It 
may also be seen that most of the compounds containing combined 
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Taste I, 
“ Uni- 
valent’’ 
atoms System. 
per tin va die ~ 
atom. Sn-Ou. Sn-Fe. Zn-Ou. Cd-Cu. Zn-Fe, Hg-Ou. 
1/2 Hg,Cu 
2/3 Hg,Ou 
6/5 Sn,Cu, 
; arco SnCu,Hig) ‘ape? Snie,Hg) (Zn,0u,) (Hig,0u,) 
4 (SnOurHeg,) . SnFe,tHe ¥ Cu, 
5 ey (Zn,Cu,) Cd,Ou, (Zn,Fe,) 
6 (SnFe,Hg) (Zn,OugHg) Od,OugHg (Zn,Fe,Hg) 
8 Zn,0u,Hg, Cd,Cug (any? e Hg,0u, 
= Caton ae aatpe He’ 
12 2 
i Od,Cu utes Zn,Fey, Hg,0uy, 
16 Cd,Cu, Hg, Za? e; ) 
= Cd,0u,,Hg Zn,Fe, 
‘ 
28 Cd,Cu,,Hg, 


mercury may be formulated as M,T,,T,Hg, or M,T,,T,Hg,; where 
T represents Cu or Fe, M is Zn, Cd, or 48n, and # has values for such 
compounds, M,T,, as have no mercury of combination. It is seen 
also that for these values of 2, viz., 2, 5, 8, and 14, there is a corre- 
sponding mercuride of copper. There is a possibility, therefore, 
that many of the compounds found may be regarded (a) as deriv- 
atives of copper mercurides (in which one atom of iron may be 
substituted for one of copper, and one atom of tin or two atoms of 
zine or cadmium for two of mercury), and (b) as compounds analogous 
to U,0, or Fe,0,. 

Mercurides of Zn,Cu;.—This well-defined compound is stable 
and uncombined with mercury in amalgams more concentrated than 
2%. At smaller concentrations, mercurides of definite composition 
are formed, which, like those of SnCu,Hg previously investigated 
(this vol., p. 842), may be in equilibrium with one another. There 
is, indeed, a striking resemblance between the two series which is 
brought out in Table II. The new compounds of both series are 
given without parentheses. 


Tasiz II. 
Zn-Cu. Sn-Cu. Valency electrons. 
(Zn,Cu;) (SnCu,Hg) 9 
Zn,Cu sHg 1a SnCu,Hg.;4 ] 2 
Zn,Cu,Hgy4 (SnCu,Hg,;) 18 
Zn,Cu,Hg, SnCu,Hg, . 21 


Instances of this mercvfrisation of compounds so that the valency 
electrons in the empirical formulz total 9, 12, 21, or simple multiples 
of these numbers have previously been reported in both the Sn—Cu 
and the Zn—Cu system. New instances are SnCu, and SnCu,Hg,; 
%n,CusHg, and Zn,Cu,Hg,,. 

Compounds of Manganese and Zinc and of Manganese, Copper, and 
Merewry—In the first system three compounds containing no 
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mercury were found: Zn,Mn, Zn,Mn, and Zn,Mn. The first and 
third of these have been found by X-ray examination by Parravano 
and Montoro (Mem. R. Accad. Ital. Sci. Fis. Mat. Nat., 1930, 4, 
No. 4); Zn,Mn may be approximately one of the compounds 
Zn,,X, (X a transition element) found by Eykman (Z. physikal. 
Chem., 1931, B, 12, 217). Manganese~copper—mercury compounds 
were very unstable. Independent examination by three of us has 
enabled the formule of four of them to be approximately fixed: 
MnCu,Hg, MnCu,,Hg;, MnCu,;Hgi9, and MnCu,,Hg,,. These 
may be regarded as derivatives of Cu,,Hg, Cu,,Hg,, Cu,gHg,p, 
and Cu,,Hg,, (the simplest formule of three of which have been 
found experimentally), by the replacement of one of the copper 
atoms by a manganese atom. 

The facts (a) that the simpler of the compounds formed in mercury 
conform to the rules relating valency electrons to atoms in the 
molecule, discovered by X-ray examination (Ann. Reports, 1931, 27, 
294), (b) that the more complex compounds may in many cases be 
regarded as made up of these simpler ones (and in a few cases have 
been found experimentally to dissociate into simpler ones), and 
(c) that compounds whose approximate formule conform to no 
rules, such as the above zinc-manganese compounds or Sn,Cu,, 
have previously been found by X-ray or thermal examination, leave 
little doubt that the compounds formed in mercury are as real and 
as definite as those formed in the solid state by ordinary methods. 


Curist CuurcH, OxForD. [Received, April 2nd, 1932.] 





335. Selenium Dioxide, a New Oxidising Agent. 
Part II. Its Reaction with some Unsaturated 


Hydrocarbons. 
By H. L. Ruey and N. A. C. FRIEND. 


THE study of the specific oxidising action of selenium dioxide has 
now been extended to ethylene, propylene, acetylene, certain higher 
olefines, and ethane. 


Reaction with Ethylene.—SeO, (40 g.) was placed in a flask, which was 
connected, on the one hand, through a drying tsain of KOH and CaCl,, to 4 
10-1. gas-holder, and, on the other, to a receiver surrounded by a freezing 
mixture. The apparatus was swept out with dry C,H,, and the gas-holder 
filled. At room temp., the SeO, soon developed a faint pinkish tint, indicating 
reduction. At 45—55° the C,H, was absorbed with appreciable velocity, 
indicated by a manometer attached to the side tube of the receiver : the 
reaction was sufficiently exothermic to proceed without further heating, and its 
velocity (as roughly judged by the rate of passage of the C,H, through the 
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bubbler necessary to keep the pressure constant) became a max. at 120—150°. 
The temp. finally rose to approx. 200°. When the loss of heat through 
radiation is not too great, once the reduction of SeO, has started, it will spread 
through the whole mass without further heating. The reduction of the SeO, 
under the above conditions was far from complete, owing to the Se formed 
on the surface preventing further access of C,H,. A contraction in vol. of 
approx. 1 1. occurred. 

Apart from a little H,O, there was no condensate in the receiver; the walls 
of the flask were, however, covered with a sticky colourless liquid, and when 
it was washed out with H,O or MeOH the extract was found to contain 
unreduced SeO, and glyoxal (phenylhydrazone, m. p. 173°). 

The glyoxal produced was in the trimeric form (cf, Harries and Temme, Ber., 
1907, 40, 165; Debus, Phil. Mag., 1857, 18, 39, 66). Monomeric glyoxal was 
prepared by a slight modification of the above method : SeO, was ground with 
an equal bulk of P,O,, and the mixture rapidly introduced into the flask. 
Replacement of the air by C,H, and gentle warming caused the white mixture 
to darken, C,H, was absorbed, and the flask gradually filled with the yellowish- 
green vapour of monomeric glyoxal. Yellowish-white feathery crystals were 
deposited on the walls of the receiver, and on removal of the freezing mixture 
these gave the yellowish-green vapour, which disappeared in an hour, a white 
mist, probably one of the polymerides of glyoxal, having been deposited on the 
walls of the flask. The yield of glyoxal was small, for considerable charring 
occurred. Monomeric glyoxal is, however, of particular interest, being the 
simplest coloured substance possessing a conjugated system of valencies, and 
the above expt. makes a convenient lecture demonstration. 

It was shown by the following expt. that this reaction can be represented, 
almost completely, by the equation 3SeO, + 2C,H, = 2(CHO), + 3Se + 
2H,0. 

Finely powdered SeO, (5 g.) was heated in an atmosphere of C,H, in a hard- 
glass reaction tube, the temp. being kept at 110—120°: the absorption of 
C,H, ceased after about 200 c.c. (less than 1/3 theoretical) had reacted. The 
temp. was gradually raised to 220—240°, whereupon the unreduced SeO, 
sublimed through the molten Se and then reacted with the C,H, (cf. expts. 
with CH,CHO; Part I, this vol., p. 1875). All the glyoxal remained in 
the reaction tube, which was extracted with H,O and the diphenylhydrazone 
pptd. and weighed in the usual manner. The contraction in vol. was 523 c.c. 
(784% of the theoretical) and a yield of 82-4% of glyoxal was obtained. 
Some CO, was also formed, and this probably accounted for the remaining 
176%. The heating at the higher temp. must be carried out carefully, as 
there is a great tendency for the C,H, to burn in the SeO, vapour, with a 
characteristic moonlight-like flame, at temps. a little higher than the above. 
This phenomenon will be described more fully later. 

The glyoxal, thus prep., can be isolated conveniently by the addition of a 
slight excess of satd. NaHSO, aq. to the aq. extract : the bisulphite compound 
of glyoxal, which can be purified by recrystn. from H,0, is slowly pptd. This 
prep. must be carried out immediately, for within 1—2 hrs. the glyoxal 
polymerises completely to the non-reactive form. 

BB’-Dichlorodiethyl Selenide Dichloride.—C,H, was bubbled through fuming 
HCl aq., and the mixture obtained led into a satd. solution of SeO, in 
the same medium. Crystals of £f’-dichlorodiethyl selenide dichloride soon 
separated, m. p. 122° after recrystn. from CHCl, (cf. Bausor, Gibson, and Pope, 
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J., 1920, 117, 1453; Frick, J. Amer. Chem. Soc., 1923, 45, 1795; Heath and 
Semon, J. Ind. Eng. Chem., 1920, 12, 1100). On resaturating the filtrate with 
SeO, and repeating the process, more of the dichloride was obtained. From 
the equation 2C,H, + 4HCl + SeO, = (CH,CI-CH,),SeCl, + 2H,O it is 
obvious that the reaction liquid will become gradually more dil. Concn. of 
this can be effected in vac. at room temp. without decomp. occurring. 

BB’-Dibromodiethy] selenide dibromide was even more readily obtained by 
employing HBr aq. instead of HCl; m. p. 118° (cf. Bell and Gibson, J., 1925, 
127, 1877). 

BB’-Dichlorodipropy] selenide dichloride, m. p. 81°, was also prep. similarly, 
C,H, being used instead of C,H, (cf. Frick, loc. cit.; Boord and Cope, J. Amer. 
Chem. Soc., 1922, 44, 395). 

It is probable that the formation of the above alkyl selenide halides is 
brought about by the intermediate formation of SeO,,2HCl or SeOCl,,H,0, 
ete., which reacts with the C,H, (see Muehlberger and Lenher, J. Amer. Chem. 
Soc., 1925, 47, 1842; Parker and Robinson, J., 1931, 1314). 

Reaction with Propylene.—C,H,, prep. by the action of H,PO, on Pr*OH, 
which geve a product 88% pure (as indicated by Br absorption), was passed 
over 5 g. of SeO, exactly as described for C,H,. Although some yellowish- 
green vapour was observed during the heating, no appreciable vol. change 
occurred. Methylglyoxal was identified by means of its. diphenylhydrazone, 
m. p. 145°, and ite disemicarbazone, m. p. 254°, as a product of the reaction in 
19% yield (on SeO, reduced), determined by weighing the disemicarbazone. 
CO (1465 ¢.c.) was also formed, this accounting for the small vol. change. It is 
probable that the smaller yield of methylglyoxal, compared to that of glyoxal, 
is due to the instability of the former, in presence of SeO, at elevated temps. 
(Part I). 

Reaction with Acetylene.—Reduction of SeO, by means of C,H, commenced 
at a low temp. (40—50°), but did not proceed so readily as with C,H,, the 
contraction in vol. of the gas being only small. A considerable amount of 
CO, was formed, and the yield of glyoxal was only 6%. C,H, burned in the 
SeO, vapour at the higher temp. in a similar manner to C,H,. 

Reaction with Ethane.—SeO, was not readily reduced by C,H, even at high 
temps. Of 5 g., heated at 350—400° for about 2 hrs., only 1-5 g. were reduced; 
a little glyoxal, AcOH, and CO, were produced. C,H, also inflames in Se0, 
vapour, but not so readily as C,H, or C,H,. 

Reaction with Higher Olefins.—SeO, is not reduced by B-amylene, trimethyl- 
ethylene, styrene, crotonaldehyde, and cinnamaldehyde, at their respective 
b. p.’s, but reduction occurs in sealed vessels at considerably higher tempé. 
The products are, however, complex, and it is hoped to study these reactions 
later. 


The authors are indebted to Professor J. F. Thorpe, F.R.S., for 
his interest in this work. 


ImprRrtaL CotLEcE, Lonpon, 8.W. 7. Received, June 8th, 1932.) 
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336. Studies in Electrolytic Oxidation. Part I. 
The Electrolytic Oxidation of Sodium T hiosulphate 
at a Platinum Anode. 


By 8S. Guasstone and A. HIck.iine. 


THE anodic oxidation of thiosulphate to tetrathionate ions would at 
first sight appear to be a typical electrical process, similar to that 
which is supposed to account for the formation of persulphate from 
sulphate, 7.e., 28,0," = 8,0,’’ + 2e. Thatcher (Z. physikal. Chem., 
1904, 47, 641), however, concluded that the reaction was entirely 
chemical, taking place through the intermediate production of an 
oxidising agent, probably oxygen, at the anode. Using a platinised 
platinum anode, he found that thiosulphate in neutral solution was 
oxidised to tetrathionate at potentials of 0-47—0-67 volt (transferred 
to the hydrogen scale); when a small amount of mercuric cyanide, 
which is known to be a strong catalytic poison, was added to the 
electrolyte, the anode potential rose to a much more positive value, 
and Thatcher inferred that the oxidation of the thiosulphate was 
inhibited. Mainly as a result of this observation (cf. T'rans. Amer. 
Electrochem. Soc., 1924, 45, 157), he concluded that the mechanism 
of the oxidation must be represented as O” = 40, + 2e, followed 
by the chemical reaction 28,0,” + 40, = 8,0,” + 0”, which 
was catalysed by the platinum. The addition of mercuric cyanide 
was supposed to poison the catalyst and inhibit the chemical reaction ; 
the oxygen would then accumulate at the electrode and the potential 
would rise. Thatcher’s work was unsatisfactory in two respects : 
(1) the anolyte tended to become acid during the electrolysis, since 
the solutions were not adequately buffered, and this led to de- 
composition of the thiosulphate and to a number of complicating 
side reactions; (2) no method of estimating tetrathionate quanti- 
tatively was known at the time, and so no definite information could 
be obtained as to the efficiency of the main oxidation process. These 
handicaps led him to consider that mercuric cyanide was able to 
prevent the anodic oxidation of thiosulphate, but it has now been 
found, using the more precise methods available, that, although the 
cyanide does cause an increase in the anode potential, it has no effect 
on the oxidation efficiency. 

The original object of the present work was to test the value of 
Thatcher’s method of distinguishing between a direct electrical 
anodic process and one involving a secondary chemical reaction 
catalysed by the electrode material. As one of the fundamental 
statements, concerning the inhibiting effect of mercuric cyanide, 
upon which the method was based, was found to be incorrect, it 
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became necessary to make a complete study of the anodic oxidation 
of thiosulphate ions. In order to avoid the difficulties experienced 
in the early work, buffer solutions have been used to prevent the 
electrolyte from becoming acid, and the amount of tetrathionate 
produced by oxidation has been estimated quantitatively. The 
conclusion is now reached that the anodic oxidation of thiosulphate 
is a secondary chemical process, but the mechanism postulated by 
Thatcher appears to be inadequate, and an alternative view, in- 
volving the intermediate formation of hydrogen peroxide, is proposed 
and provides a simple explanation of a variety of new experimental 
facts now described. It is noteworthy that, although the system 
thiosulphate-tetrathionate has often been considered to be a 
typical reversible oxidation-reduction system, no satisfactory 
measurement could be made of its potential (Scheffer and Béhm, 
Z. Elektrochem., 1929, 35, 484); further, Bassett and Durrant (J., 
1927, 1436) suggested that the reaction between thiosulphate ions 
and iodine is not a simple process involving the direct transfer of 
electrons, but actually occurs in two stages. 





EXPERIMENTAL. 


The general method adopted was to observe the change of anode potential 
with time, at const. current, during the course of the electrolysis; this method 
was used by Thatcher (loc. cit.) and recently by Ellingham (this vol., p. 1565), 
but it does not appear to have received the attention it merits. Each reaction 
which can occur at the electrode should be represented by a more or less 
flat portion (const. potential) on the anode potential—time curve; a correlation 
of the electrode processes thus indicated with the chemical changes taking 
place in the solution, as revealed by analysis, should throw light on the mechan- 
ism of the electrolytic oxidation. 

The anode used was a cylinder of stout Pt gauze, not platinised, such as is 
used in electroanalytical work; its area, as estimated by measurement and by 
the application of Glasstone’s formula for the “ limiting current ” of metal 
deposition (Trans. Amer. Electrochem. Soc., 1931, 59, 277), was about 55 sq. 
em. The electrode was mounted vertically, and when in use was always 
rotated at a const. speed of approx. 550 revs. per min.; its potential was 
measured to the nearest 0-01 volt, against a HgCl electrode, by the potentio- 
meter—voltmeter method. The electrolysis vessel was a beaker of 400 c.c. 
capacity, in which was fixed centrally a porous pot capable of holding 120 c.c.; 
the cathode was a spiral of Pt wire surrounding the pot. The majority of the 
electrolyses were made in a py, 7 buffer consisting of 0-1M-Na,HPO, and 
0-1M-KH,PO,, the requisite amount of Na,S,0, being added to make 4 
solution of the desired concn. For each expt., 100 c.c. of electrolyte were 
placed in the porous pot which was the anode compartment, and sufficient 
buffer solution was poured into the annular space between it and the beaker 
to render the levels of the two liquids the same when the anode was rotating. 

In the preliminary work some difficulty was experienced in obtaining 
reproducible potential measurements, but this was overcome by controlling 
the initial oxygen content of the anode, using the method of Goard and 
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Rideal (Z'rans. Faraday Soc., 1924, 19, 740). ‘The electrode was washed with 
H,O and warm conc. HNO,, and heated to redness; it was then stirred in 
0-01N-KMnO,, made up in borate buffer of p, 11, for 30 mins., washed with 
H,0, and used immediately for the oxidation expt. 

During the course of the electrolysis the anode potential was measured at 
frequent intervals, care being taken to maintain the current strength const. 
throughout. After passing a quantity of electricity which should theoretically 
have been sufficient to oxidise the whole of the 8,0,” in the anode compart- 
ment to S,0,”, the amount of 8,0,” left unchanged was titrated with I; 
the total 8,0,” produced in this reaction and in the anodic oxidation was 
estimated as 8,0,” after reduction with KCN (Kurtenacker and Goldbach, 
Z. anorg. Chem., 1927, 166, 177). From these results the current efficiency 


Fig. 1. 
1-8 a xygen evolution at 0-01 amp. 
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of the oxidation and the proportion of 8,0,” converted into 8,0,” could be 
calculated. A difficulty arose here because of the unavoidable loss of liquid 
from the porous pot as a result of endosmosis; allowance for this was made in 
the calculation by assuming that the liquid lost had a composition midway 
between that of the initial and the final solution. Although not quite justifi- 
able, this assumption is the simplest in the circumstances, and in spite of the 
fact that it may cause an error of 1—2% in the calc. yields, the main con- 
clusions remain unaffected. 

All expts. were carried out at room temp. (about 18°), and anodic potential 
measurements are recorded on the H scale. 


Results. 


In order to determine the influence of current strength on the yields and 
anode potentials, a series of observations was made with 0-025M-Na,8,0, 
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in buffer, using currents of 0-01, 0-02, 0-03, 0-04, and 0-05 amp. The anode 
potential—time curves are shown in Fig. 14; the numbers of coulombs passed 
are used as abscisse, instead of times, so that the graphs for different currents 
are directly comparable. The results of the analysis of the solutions, after 
passage of the theor. quantity of electricity for complete oxidation (241 
coulombs), are in Table I. 


TasB_e I. 
Current efficiency for the oxidation of 0-025M-Na,.8,0,. 
C urrent, amp. pcsovscrsccpeccessocee , UR . Ue 0-03 0-02 0-01 
8,0,” oxidised, % seeds ddeceseets OU 85 85 88 90 
8,0,” converted into Ss 04” o Bese 76 76 76 76 79 


The amount of SO,” produced during the oxidation was estimated approx. 
by a turbidity method, and found to be equiv. to about 10% of the 8,0,” in 
each case; this probably accounts for the 8,0,” oxidised and not estimated as 
8,0,”, and perhaps to some extent for the oxidation current efficiency being 
apparently below 100%. The SO,” and the 8,0,’ must have been formed 
simultaneously by independent reactions, since expts. have shown that under 
the conditions of the present work 8,0,”’ cannot be further oxidised electro- 
lytically. 

Examination of the curves in Fig. 14 and the results in Table I suggests that 
the oxidation of 8,0,” proceeds at two different potentials, but whereas the 
relative amounts of electricity passing at the two stages can be altered by 
varying the current, the nature and amounts of the products appear to be 
almost identical. In order to determine more definitely if the break in the 
potential-time curve corresponded to any marked change in the products of 
the electrolysis, a number of 0-025M-Na,S,0, solutions were electrolysed at 
0-01 amp., and analysed after the passage of 50, 100, 150, 200, and 241 coulombs; 
the results are recorded in Fig. ls. It is clear that there is no discontinuity 
in the oxidation process, although a definite increase of potential occurs 
after the passage of 100 coulombs. Two alternative conclusions, therefore, 
appear possible: either (a) the 8,0,” is oxidised as a result of two different 
electrode reactions yielding products identical in nature and amount, or (5) 
it is continuously oxidised by some process which does not give rise directly to 
an electrical potential, those observed being indications of side reactions at the 
electrode. 

Quantity of Electricity at the Break Point.—Before an attempt is made to 
decide between these two possibilities, the origin of the break in the potential- 
time curve must be examined. It is apparent from Fig. 1a that a simple 
relationship may exist between the current strength and the quantity of 
electricity passed at the lower potential; by producing forward the first flat 
portion of each curve and extending backward the steep portion (see broken 
lines, Fig. 14), a point of intersection is obtained which may be taken as 
defining the position of the break. The quantity of electricity represented by 
this point is denoted by Q,, and it has been found that the plot of log Q, against 
the current strength / is a straight line. By extrapolating the line to zero 
current, a value of Q, is obtained which is approx. equal to the quantity of 
electricity required for complete oxidation of the Na,S,0,; this result indicates 
that at very small currents the whole of the oxidation would take place at 
the lower potential stage. It follows, therefore, that if Q represents the 
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theoretical quantity of electricity required for complete oxidation of the 
Na,S,0;, then 
log Q, = logQ — k’l, or Q, = Q/e* 


where k is const. for a given concn. of Na,S,0;. This relationship has been 
tested by a series of 25 expts. at currents of 0-01, 0-02, 0-03, 0-04, and 0°05 
amp. with 0-02, 0-03, 0-04, 0-05, and 0-10M-Na,S,0, solutions, and found to 
be valid. At any definite current, the effect of increasing the initial concen. of 
Na,S,O, was to prolong the lower-potential portion of the curve, i.e., to increase 
Q,; the value of k in the equation above changes somewhat as the initial 
concn. of Na,S,O, is varied, tending to decrease with increasing concen. In- 
eidentally, the effect of increasing the initial concn. of Na,S,0, was, in general, 
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to increase the % of 8,0,” oxidised and to decrease the proportion of SO,” 
produced ; e.g., with a current of 0-02 amp. the following results were obtained : 


Variation of oxidation efficiency with initial 8,0,” concn. 


TS 2D 22. accpesvosennendsehibueeibaairdmbalieien 0-02 0-05 
Tes OMIGMNGER occ bdsCesidbec cor ccncsecsdecvccvaevece-» OO 89 
8,0,” converted into 8,04’, % .......sccssceccscseees 76 85 


Effect of Electrode Treatment on Q).—In the course of the expts. on the vari- 
ation of Q, with concen. of S,0,”, a curious fact was noted, which may be 
illustrated by a typical example. By the time the concen. of a 0:05M-Na,S,0, 
solution had been reduced to 0-025M, during electrolysis with a current of 
0-02 amp., the break point in the potential-time curve had been passed by 
about 46 mins.; if, however, the electrolysis was started with a 0-025M.- 
Na,S,0, solution, using the same current and a clean electrode, some 39 mins. 
elapsed before the break occurred. A 0-05M-solution was then electrolysed 
until its concn. was reduced to 0-025M, the current interrupted, and the 
electrolysis started over again. The anode potential-time curves obtained 
are shown in Fig. 2; the left-hand portion is for the 0-05M-solution electro- 
lysed until its concn. is reduced to 0-025M, and then followed curve (a), when 
the current was interrupted for 5 mins., (b) for 30 mins., and (c) when the anode 
was taken out of the solution, cleaned, its oxygen content controlled in the 
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usual manner, and then replaced and the electrolysis resumed. This last 
curve is practically identical with that obtained by starting afresh with a 
0-025M-Na,8,0, solution. The most obvious interpretation of the results is 
that the break in the potential-time curve is connected in some way with the 
accumulation of electromotively active material at the anode; this material, 
which is most likely to be O in some form, can apparently be removed by 
cleaning or by long exposure to the action of Na,S,0,. In order to eliminate 
the possibility of this active material being related to the products of oxidation 
of the Na,S,0,, the anode was polarised by electrolysis of the pg 7 buffer 
solution alone at 0-01 amp. for 1 hr.; sufficient solid Na,S,0, was then added 
to make the solution 0-025M. The anode potential changed immediately 
from that of O evolution to the upper portion of the usual potential—time curve 
(Fig. 14), there being no sign of the lower-potential stage. It appears therefore 
that the break in the potential-time curve depends on the accumulation of 0 
at the electrode; when sufficient has accumulated to saturate the electrode 
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Influence of mercuric cyanide on current efficiency. 


Conen. of Hg(CN),, M ............ (None) 0-00001 00001 0-001 
S,0,” oxidised, % .....s0....s00000s 90 92 91 91 
8,0,” converted into 8,0,”, % 79 77 75 74 


surface, the sudden rise of potential, connected with another type of accumula- 
tion, occurs. It is important to note that the oxygen reacts only slowly with 
Na,S,0, [see curves (a) and (b), Fig. 2], and so the oxidation of the latter 
cannot take place through its intermediate formation. The question of the 
origin of the accumulated O, and the relationship between the current strength 
and Q,, which decreases with increase in the rate of accumulation, will be dis- 
cussed subsequently. 

Effect of Poisons and Catalysts.—Following on the work of Thatcher (loc. 
cit.), a study was made of the effect of catalytic poisons on the potential- 
time curves and on the oxidation efficiency ; the results obtained with Hg(CN); 
are shown in Fig. 3 and in the following table. A 0-025M-solution of Na,8,0; 
was used witha current of 0-01 amp. ; thenormal potential—time curvein the ab- 
sence of cyanide is shown broken, whereas I, II, and III were given by solutions 
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which were respectively 0-001, 0-0001, and 0-00001M with respect to Hg(CN),. 
It is quite clear from these results that, contrary to the conclusion of Thatcher, 
Hg(CN), does not inhibit the oxidation process, and the reaction occurring 
at the electrode cannot be merely a chemical oxidation catalysed by the Pt 
which is capable of being poisoned. The curves in Fig. 3 show, however, that 
the cyanide is able to eliminate almost completely the lower portion of the 
potential-time curve, although the value of the higher potential remains un- 
affected. Hg(CN), is probably preferentially adsorbed by Pt, and it appears 
that as a result it is capable of preventing the specific type of adsorption of O 
to which the lower portion of the curve is attributed. The higher-potential 
stage, involving O or an oxide in a higher free energy state, is apparently not 
affected. 

The influence of CS,, As,O;, and strychnine hydrochloride on the electrolysis 
of 0-025M-Na,S,0, at 0-01 amp., was then studied. In each case the potential— 
time curve was similar to that with Hg(CN),, although the suppression of the 
lower portion was much less marked. The results obtained for Q,, which 
indicates the duration of the lower-potential stage, together with the current 
efficiencies, are given in Table II. It should be noted that, whereas the 


TaBieE ITI. 


Influence of poisons on the electrolytic oxidation of 0-025M- 
Na,S,0, at 0-01 amp. 


Qs 8,0,” oxidised, 8,0,’ converted 

Poison. (coulombs). %. into 8,0,”, %. 
(None) ..... eekenueialin 100 90 79 
0-:0001M-Hg(CN)s .........--. 8 91 15 
ee eros 85 91 79 
0-001M-As,0, .... 46 87 62 
0-005M- Cx Ha.0,Nq, HCl. 73 56 48 
0-001M-CuSO, ....... = -- 30 25 


addition of Hg(CN), does not appreciably affect the oxidation yields, yet the 
addition of strychnine hydrochloride effects a marked decrease in the current 
efficiency; with As,O, this decrease, although evident, is notso marked. The 
reason for the decreased efficiency in these cases will be seen shortly. 

Since Cu™ ions are known to accelerate catalytically a number of reactions 
involving S,0,”, their influence on the anodic oxidation was studied. The 
result is included in Table II, but the curve was of unusual type: it rose more 
rapidly than the normal curve right from the commencement of the electrolysis, 
and the break occurred after the passage of less than 25 coulombs, compared 
with 100 coulombs for the ordinary Na,S8,O, solution. The upper portion of 
the curve was at 1-8 volts, which is approx. the potential for O evolution in the 
given electrolyte at 0-01 amp. (see Fig. 1). The Cu” ions, far from accelerating 
the oxidation, actually retard the process, and in this respect behave similarly 
to, although to a more marked extent than, As,O; and strychnine. In seeking 
& property which was common to these three diverse substances, it became 
apparent that they were all catalysts for the decomp. of H,O,, the Cu™ ions 
being the most effective, especially in alkaline solution (Thénard, “ Traité de 
Chimie,” Vol. II, 1827, p. 74; Bredig and Miller von Berneck, Z. physikal. 
Chem., 1899, 31, 277). If this ability to decompose H,O, were the factor 
responsible for the low value of Q, and the poor oxidation efficiency, then other 
catalysts for this decomp., not necessarily able to poison the Pt electrode or to 
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influence Na,S,O, reactions, should have the same effect. This possibility 
was tested by the addition to portions of the buffered Na,S,O, solution of 
substances, covering as wide a range of type as possible, which were known to 
accelerate the decomp. of H,O,. None of the substances used was itself 
capab'e of oxidising the Na,8,0,. The electrolytic oxidation was then carried 
out in the normal manner, and the analyses, after the passage of the theoretical 
quantity of electricity, compared with the values for a solution containing no 
added catalyst. The results are given in Table IIIA and B, the initial conen, 


TaBLeE III. 


Influence of catalysts for hydrogen peroxide decomposition on the 
electrolytic oxidation of thiosulphate. 


8,0,” 8,0,” con- 


b oxidised, verted into 

Catalyst added. (coulombs). %. 8,0,”, %. 
A. (None) ... jon apiegn cuunen 100 90 79 
MnO,, 0-25 g./100 €.c. ..cecccceeee 27 24 19 
eh | I rote 0 32 24 
Sheep’s blood, 1 er GiB. sccces 5 85 68 
B. (None) ... branes gdb kendee 85 76 
C0,05, 0°5 g./100 6.0. seccceceeseeeee 59 52 
Animal charcoal, 0-5 g./100 c.c. ... 83 70 
Powdered silver, 0-5 g [100 CiBs cee 69 61 
CoSO,, 0-001M .. eAisepecisieeess 31 29 
MnSO,, 0- clita Sebdedhupere 3 3 
RUPEE occ cendasccnceseseced 0 0 


of Na,S,0, being 0-025M in each case; for the expts. in section A the current 
used was 0-01 amp., and for those in section B 0-05 amp. 

Apart from those with blood and animal charcoal, the results show clearly 
that the addition of a catalyst for the decomp. of H,O, reduces very markedly 
the current efficiency for the anodic oxidation of Na,S,O,. The high yields 
with blood may be due to one of its constituents acting as an oxygen carrier, 
or to loss of catalytic activity in the presence of 8,0,” (cf. Bredig and Ikeda, 
Z. physikal. Chem., 1901,37, 1). The charcoal tended to collect at the surface 
of the electrolyte or at the sides of the porous pot, whereas it should have 
accumulated at the anode to be effective in the reaction studied. The influence 
of the addition of a small quantity of MnSO, is very remarkable, a 0-001M- 
solution being capable of preventing entirely the electrolytic oxidation of 
Na,S,0O,;. Bredig dnd Miller von Berneck (loc. cit.) found that MnSO, was a 
most vigorous catalyst for the decomp. of H,0, in alkaline solution, its activity 
being apparent even at a dilution of 1 g.-mol. in 107 1. ; the catalytic effect of 
CoSO, was somewhat less, although still detectable at a dilution of 10°1. In 
alkaline H,O, the effective catalyst resulting from the addition of a metallic 
salt is probably the peroxide of the metal, and it is very likely that the same 
peroxide is formed on the anode during the electrolysis of a Na,S,O, solution 
in neutral buffer to which the metal salt has been added. ; 


Discussion. 


The independence of the products in the anodic oxidation of 
sodium thiosulphate of the electrode potential suggests that the 
process is indirect and chemical rather than electrical, and the 
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influence of catalysts for hydrogen peroxide decomposition in 
decreasing the current efficiency makes it highly probable that 
hydrogen peroxide is the effective oxidising agent. It may be 
supposed that when hydroxyl ions are discharged, the resulting 
radicals immediately combine in pairs to form hydrogen peroxide, 
thus : 
) OH’ = OH + e, 

followed by 20H = H,0,, 
the latter process being irreversible. A concentrated layer of 
hydrogen peroxide can thus be formed in contact with the anode, 
and can be removed by reaction with thiosulphate or by irreversible 
decomposition into oxygen and water. These processes will occur 
simultaneously, the proportion of the peroxide taking part in each 
being dependent on the experimental conditions. The oxygen 
resulting from the direct decomposition of the peroxide will become 
attached in some manner to the platinum electrode and give rise to 
a more or less definite static potential. When the surface is saturated 
for this mode of attachment, further increase in the oxygen con- 
centration may result in a second type of attachment accompanied 
by a rapid rise of potential. The two stages may be represented by 
two different types of adsorption, by the formation of two oxides, 
or by adsorption followed by oxide formation; the actual nature 
of these processes is not important for the present discussion as long 
as their possibility is admitted. The two stable potentials observed 
during the anodic oxidation of thiosulphate (Fig. 1) may be thus 
accounted for; the potentials are not indicative of any process 
involving thiosulphate, but of a simultaneous side reaction occurring 
to a relatively small extent. The oxidation of thiosulphate by the 
hydrogen peroxide occurs regularly during the whole of the electro- 
lysis, and there is no break corresponding with the change of electrode 
potential. At high C.D.’s, or with low initial concentration of 
thiosulphate, there will be a relative increase in the amount of 
hydrogen peroxide undergoing spontaneous (or catalysed) de- 
composition ; the rate of oxygen accumulation will therefore be high 
and the break in the potential-time curve will occur sooner than at 
low C.D.’s and high thiosulphate concentrations. A similar decrease 
in Q, should occur as a result of the introduction into the solution of 
catalysts for the decomposition of hydrogen peroxide. The actual 
values of Q, obtained in the work are in agreement with these views, 
as also are the results obtained with interrupted current (see p. 2350). 

During the course of the electrolysis, the thiosulphate solution 
being supposed to remain constant, it is probable that there will be 
& certain concentration (C) of hydrogen peroxide at the anode, 


representing an equilibrium between its rate of formation and the 
4G2 
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rate of removal by reaction, decomposition, and diffusion. At very 
high C.D.’s this concentration will tend towards a maximum value 
(C’), which will be constant for any one thiosulphate solution and for 
given electrode conditions. It is not unreasonable, therefore, to 
represent the variation of C with the current J by means of the 


equation 
dC /dI = k(C’ —C), . (1) 


Since C = 0 when J = 0, it follows on 


1 — O/C’ = 1/e*. (2) 


As the concentration of thiosulphate changes during the electrolysis, 
both C and C’ will alter, but C/C’ will probably remain the same, 
and equation (2) will hold throughout. When the current J is small, 
C will be small, and at the same time the rate of accumulation of 
oxygen at the anode will be small; Q, will then be large and 
practically equal to Q, the theoretical quantity of electricity required 
to bring about complete oxidation. Further when J is very large, 
C and C’ are identical and Q, will be practically zero, since oxygen 
accumulates so rapidly that the first potential stage is almost non- 
existent. These relationships between C and Q, may be simply 
expressed by the equation 
W%/Q =1—C/C 
Substituting for 1 — C/O’ from equation (2), it follows that 
Q/Q = 1/e™, (4) 

a relationship which is in agreement with the experimental results 
(p. 2349). This deduction of equation (4) is by no means rigid, but at 
least it serves to show that the theory of hydrogen peroxide de- 
composition is not in disagreement with the observations on the 
variation of Q, with current strength. 

The action of hydrogen peroxide on sodium thiosulphate has been 
the subject of much investigation, but the work of Abel and his 
collaborators (Monatsh., 1907, 28, 1239; 1913, 34, 171, 425, 821, 
1349, 1361; Z. Hlektrochem., 1912, 18, 705; 1913, 19, 480) appears 
to be the most reliable. Two alternative reactions have been 
found possible; one leads to the formation of tetrathionate and the 
other to sulphate. These processes may be represented, at least 
ultimately, by the equations 


H,0, a 28,0,” = $,0,” ae 20H’ 
4H,0, + 8,0,” = 280,” -+ 2H" + 3H,0. 


The first reaction predominates in acid solution and is catalysed by 
hydrogen ions, whereas the second reaction tends to occur in neutral 






























where k is a constant. 
integration that 
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and alkaline solutions. In order to determine the relative extents 
of the two reactions to be expected under the conditions of the 
present work, a 0-025M-thiosulphate solution, in the usual pg 
7 phosphate buffer, was mixed with just sufficient hydrogen peroxide 
for complete oxidation to tetrathionate, kept over-night, and then 
analysed; no hydrogen peroxide remained, and 82%, of the thio- 
sulphate had been oxidised, 74°, being converted into tetrathionate, 
and 8% into sulphate. The result was not appreciably altered by 
varying the concentration of the hydrogen peroxide added. The 
proportions of thiosulphate oxidised to tetrathionate and sulphate 
are in close agreement with those obtained by electrolytic oxidation. 
In acid solution it might be expected, however, that there should 
be relatively less sulphate produced and its proportion should be 
greater in alkaline solution. At the same time, hydrogen peroxide 
is itself more stable in acid solution, and consequently both Q, and 
the total current efficiency for thiosulphate oxidation should increase 
as the acidity of the solution is increased. The possible range of py 
variation for experimental study is unfortunately small, since 
thiosulphate is unstable in acid and tetrathionate in alkaline 
solution ; preliminary observations indicated that the decomposition 
in buffer solutions of py 5 and py 9 respectively was not appreciable. 
Experiments were accordingly made of the electrolytic oxidation of 
a 0-025M-solution of thiosulphate in an acetate buffer of pg 5, in 
phosphate buffers of p, 6, 7, and 8, and in a borate buffer of py 9, 
a current of 0-01 amp. being used. The results obtained are given 
in Table IV and are in complete agreement with expectation; the 
difference between the figures in the last two columns indicates the 
proportion of thiosulphate oxidised to sulphate. 


TaBxeE IV. 
Influence of hydrogen-ion concentration on the electrolytic oxidation 
of thiosulphate. 
QV 8,0,” 8,0,” converted 
pu- (coulombs). oxidised, %. into 8,0,”, %. 
5 181 95 90 
6 180 96 87 
7 100 90 79 
8 18 77 65 
9 18 74 60 


In view of the striking agreement of the experimental results with 
the theory that the electrolytic oxidation of thiosulphate occurs 
through the formation of hydrogen peroxide, it seemed desirable to 
attempt its detection by analytical means. All such attempts, 
made in neutral solution at room temperature and using C.D.’s 
similar to those employed in the thiosulphate oxidation, yielded 
negative results. This is not surprising, since the peroxide will be 









2356 STUDIES IN ELECTROLYTIC OXIDATION. PART I. 


formed at high concentrations in contact with a large surface of 
platinum which is a good catalyst for its decomposition. Hydrogen 
peroxide has frequently been detected analytically as a result of 
anodic oxidation in the electrolysis of sulphuric acid and salts of 
organic acids (Mellor, “‘ Comprehensive Treatise,’ Vol. I, p. 923; 
Schall, Z. Elektrochem., 1916, 22, 422; Matsuda, Bull. Chem. Soe. 
Japan, 1932, 7, 18) but in all these cases there is a possibility that 
it may arise from a secondary reaction; Riesenfeld and Reinhold 
(Ber., 1909, 42, 2977), using a platinum anode, however, were able 
to detect the peroxide during the electrolysis of potassium hydroxide 
at low temperatures. In spite of the inability to prove the presence 
of hydrogen peroxide in the present work by specific analytical tests, 
it seems difficult to see how the remarkable influence of small 
amounts of manganese salts and other substances, and the effects 
produced by changing the hydrogen-ion concentration of the 
solution, can be otherwise explained. 


Summary. 

1. A study has been made of the electrolytic oxidation at a 
platinum anode of thiosulphate ions in well-buffered solutions under 
a variety of conditions; the main product is tetrathionate, but a 
small amount of sulphate is also formed. The proportion of the 
latter increases as the py of the solution is increased. 

2. During the electrolysis, two distinct stages of electrode potential 
were observed; the quantities of electricity passing at each stage 
were dependent on the current strength, on the concentration of the 
thiosulphate, on the py, of the electrolyte, and on the previous 
treatment of the anode. The oxidation of the thiosulphate, how- 
ever, was independent of changes in the electrode potential. 

3 The addition to the electrolyte of catalysts for the decomposition 
of hydrogen peroxide results in a marked decrease in the current 
efficiency for the oxidation of the thiosulphate, and in the quantity 
of electricity passing at the lower potential stage. Mercuric cyanide, 
which is not a catalyst for the peroxide decomposition, suppresses 
the lower-potential stage but does not affect the oxidation efficiency. 

4. The results are accounted for by supposing that hydroxy] ions 
are discharged at the anode to form hydrogen peroxide ; part of this 
is decomposed spontaneously, the rate determining the relative 
extents of the two potential stages, and part reacts with the thio- 
sulphate to form tetrathionate and sulphate. The anodic oxidation 
of thiosulphate is regarded as a secondary chemical reaction and not 
as an electrochemical process involving the discharge of thiosulphate 
ions. 


Tue UNIVERSITY, SHEFFIELD. [Received, July 22nd, 1932. 
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337. The Estimation of Sulphur in Organic 
Compounds. 


By R. J. Rosser and F. N. Woopwarp. 


Ir is well known that the estimation of sulphur by the Carius 
method in certain types of organic substances, e.g., sulphones, 
may lead to low results owing to incomplete oxidation. In fusion 
methods there is the additional risk of loss by volatilisation. The 
following method, in which the nickel crucible of Asboth (Chem..- 
Ztg., 1895, 19, 2040) is replaced by a nickel “ test-tube,” is rapid 
and gives accurate results both with difficultly oxidisable substances 
and with liquids even as volatile as ethyl mercaptan. 


Approx. 0-2—0-3 g. of the substance is introduced into a weighed Ni tube 
closed at one end, 18 cm. long and of 2 cm. internal diameter, and the tube 
reweighed. If the substance is a liquid, it should be introduced by means of 
a suitable pipette controlled by a rubber teat, care being taken that no liquid 
is allowed to touch the side of the tube. About 5 g. of the fusion mixture 
(equal parts of pure Na,O, and anhyd. Na,CO,) are mixed with the substance 
by means of a thin nickel or glass rod. The mixture, occupying about 2 cm. 
of the tube, is covered with about 20 g. of the same oxidising mixture, occupy- 
ing a further 8 cm. of the tube, the last portion being used for the “‘ rinsing ”’ 
of the nickel rod. The tube is tapped while in an upright position so that the 
mixture settles with no air channels. It is then clamped at an angle, and the 
eentre of the tube, containing the upper 5 cm. of Na,O, mixture, is heated. 
When this part of the tube has just commenced to glow, the lower part is 
also heated, at first gently and then more strongly until the tube is at a dull 
red heat and the contents molten, in which state the tube is kept for 5 mins. 
The burners are then removed and, while still hot, the tube is inclined nearly 
to a horizontal position so that the melt runs up the inside of the tube and its 
solution at a later stage is facilitated. After cooling, the contents of the 
tube are dissolved by repeated extraction with hot H,O and finally by means 
of a little warm dil. HCl aq. The solution, still alkaline, is transferred to a 
large Ni crucible (a glass beaker should not be used unless precautions are 
subsequently taken to avoid separation of hydrated SiO,), where it is treated 
with excess Br aq. and heated for 15 mins. on the steam-bath. The product 
is then cooled, filtered, acidified with HCl aq., boiled, and pptd. with BaCl, 
in the usual way. 

Substances which inflame spontaneously in contact with Na,O, (e.g., 
diethyl sulphide, ethyl mercaptan) should be mixed with about 3 g. of Na,CO, 
prior to the addition of the oxidising mixture. 

By heating the upper end of the tube first, any vapours coming from the 
bottom of the tube pass through a layer of heated Na,O, mixture and are 
completely oxidised. 

The following results, showing the percentage of S found (the theo. values 
are in parentheses), are typical: ethyl mercaptan, Et-SH, 51-2 (51-6); 
diethyl sulphide, Et,S, 35-2 (35-5) ; monothioethyleneglycol, CH,(SH)-CH,°OH, 
41-1 (41-0); ethyl benzenesulphonate, Ph-SO,Et, 17-2 (17-2); £8’-dichloro- 









2358 ROBERTS : THE ISOMERIC 2 : 4-DINITROPHENYL 


diethyl sulphide, S(CH,°CH,Cl),, 20-2 (20-2); f’-dihydroxydiethyl sulphide, 
S(CH,°CH,’OH),, 26-1 (26-2); p-toluenesulphonbenzylethylamide, 
C,H,Me’SO,°NEt’CH,Ph, 

11-1 (11-1); p-nitrobenzyl p-tolvenesulphonate, NO,°C,H,’CH,°0-SO,°C,H,Me, 
10-6 (10-4); diphenylsulphone, Ph,SO,, 14-6 (14-7); sulphonal, Me,C(SO,Et),, 
28-4 (28-1). 

In successive analyses of p-toluenesulphonbenzylethylamide by the Carius 
method (12 hrs.’ heating with fuming HNO, at 300°), the results were 8, 9-3, 
9-8%. 


Our thanks are due to Mr. J. C. L. Resuggan for a gift of the p-toluene- 
sulphonbenzylethylamide. 


THe ResEARCH ESTABLISHMENT, 
Sutton Oak. [Received, July 23rd, 1932.] 





338. The Isomeric 2: 4-Dinitrophenyl Derivatives 
of 3: 4-Tolylenediamine. 


By KENNETH C. ROBERTS. 


THE mechanisms which have been invoked to account for the re- 
arrangement of hydroxysulphones (Smiles and others, J., 1931, 
2207, 3264; this vol., pp. 1040, 1488) and halogenohydroxybenzoyl- 
toluic acids (Hayashi, J., 1927, 2516; 1930, 1513) suggested that the 
4- and the 5-methyl derivative (I and II) of 2’ : 4’-dinitro-2-amino- 
diphenylamine might also be interconvertible through an inter- 
mediate quinonoid form (IIT). 

Treatment with alkali, however, decomposed them, sulphuric acid 
had no effect on (I) and produced a readily hydrolysable sulphonic 
acid from (IT), and less powerful agents were without action. 


NO 


nH, NO NH 2 
(L.) M / (II.) 
Me\ NH, O, NH, O. 


The amine (I) has now been isolated by fractionation of the con- 
densation product (a mixture of I and II) of 3 : 4-tolylenediamine and 
4-chloro-1 : 3-dinitrobenzene (Ernst, Ber., 1890, 23, 3428): it has 
also been synthesised from 3-p-toluenesulphonamido-p-toluidine and 
4-chloro-1 : 3-dinitrobenzene. The 5-methyl isomeride (IT) has been 
obtained by an analogous synthesis from 4-p-toluenesulphonamido- 
m-toluidine (VI) (Ullmann and Gross, Ber., 1910, 43, 2698). 


Synthesis of 2’: 4’-Dinitro-2-amino-4-methyldiphenylamine (I).—4-Nitro-m- 
toluidine and p-toluenesulphony] chloride (mol. quantities) were heated on the 
water-bath and then at 120° for a few mins. with pyridine (4 mols.), The 
product, treated with aq. alkali weaker than normal, yielded a red solution, 
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from which HCl aq. liberated p-toluenesulphon-4’-nitro-m-tolylamide (IV); 
pale yellow, monoclinic rhombs or needles, m. p. 135°, from Et,0 and EtOH 
(Found: C, 55-1; H, 4-7. ©,,H,,0,N,8 requires C, 54-9; H, 4-5%). 
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Reduction of (IV) (2°5 g.) in fuming HCl ag. (6 c.c.) with SnCl, (6 g.) in 
EtOH (12 c.c.) on the water-bath, removal of EtOH, treatment with H,O and 
Et,0, and purification with (NH,),CO, aq. gave 3-p-toluenesulphonamido-p- 
toluidine; colourless plates, m. p. 120°, from EtOH (Found: C, 60-8; H, 6-1. 
C,4H,,0,N,S requires C, 60-8; H, 5-7%). 

The above sulphonamidotoluidine, 4-chloro-1 : 3-dinitrobenzene, anhyd. 
NaOAc (1 mol. of each), and propyl alcohol were heated at 100° for 10 hrs. 
After removal of alcohol and treatment of the product with dil. HCl and C,H,, 
2’ : 4’-dinitro-2-p-toluenesulphonamido-4-methyldiphenylamine (V) was obtained 
in yellow needies, m. p. 217° (Found: C, 54-6; H, 3-9; N, 12-6. C.9H,,0,N,S 
requires C, 54-2; H, 4:0; N, 126%), insol. in HCl aq., and forming slowly a 
crimson sodium derivative in contact with NaOH aq. 

The sulphonamide (V) was heated for 20 mins. at 130—140° with H,SO, 
(3 parts) and H,O (1 part) (cf. Witt and Uerményi, Ber., 1913, 46, 296). 
Treatment of the product with Na,CO, aq. yielded 2’ : 4’«dinitro-2-amino-4- 
methyldiphenylamine (I), which crystallised from cold EtOH in yellow needles, 
m. p. 162-5° (Found: C, 54:2; H, 4:3; N, 19-15. C,,;H,,0,N, requires C, 
54-1; H, 4-1; N, 19-4%), and from hot EtOH in magenta prisms, m. p. 173° 
(Found: C, 54-0; H, 46%). Both forms were stable in air at room temp., 
but the yellow form was converted into the red when kept at 130—140° for 
several hrs. Observations with a Judd Lewis spectrometer showed that the 
isomerides formed optically identical solutions in EtOH at various temps. 
The ultra-violet absorption curves were of the same type as that of diphenyl- 
amine, but were displaced towards the red, the head of the band occurring 
at 3500 A. 

Synthesis of 2’ : 4’-Dinitro-2-amino-5-methyldiphenylamine (IT).—A solution 
of 4-p-toluenesulphonamido-m-toluidine (VI) in propyl alcohol was treated as 
described above for the preparation of the 4-methylisomeride. 2’ : 4’-Dinitro- 
2-p-toluenesulphonamido-5-methyldiphenylamine, isolated by usual methods, 
crystallised from C,H, in yellow needles, m. p. 184° (Found: C, 54-2; H, 4-4; 
N, 12-3. C,.H,,0,N,S requires C, 54:2; H, 4:1; N, 12-6%), insol. in hot 
conc. HCl and slowly forming an insol. deep purple sodium derivative, in 
contact with hot or cold NaOH aq. 

The above sulphonamidodiphenylamine, hydrolysed by the method of Witt 
and Uerményi (loc. cit.), yielded 2’ : 4’-dinitro-2-amino-5-methyldiphenylamine 
(II), which crystallised from hot EtOH in red-brown needles, m. p. 195°, and 
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from cold EtOH in orange needles, m. p. 191° (Found: C, 54-0; H, 4-4; N, 
19-4. C,,;H,,0,N, requires C, 54-1; H, 4-1; N, 19-4%). The red-brown form 
became orange when kept and its m. p. fell : the orange form deepened in colour 
when maintained near its m. p. (cf. I); the absorption curves were indistin- 
guishable from those of the 4-methyl isomeride. The amine (II) was not 
affected by ultra-violet light ; its m. p. and the m. p. of a mixture with (I) were 
unchanged by prolonged heating. The red sodium derivative was also 
unchanged by the action of heat. 

2’ ; 4’-Dinitro-2-aminodiphenylamine.—This substance, prepared by the 
method of Borsche and Rantscheff (Annalen, 1911, 379, 169), crystallised from 
EtOH in orange needles, m. p. 147°. Above the m. p. it became red and partly 
resolidified, and finally melted at 152°. The red form reverted to the orange 
form at room temp., and the orange form became red (m. p. 152°) when kept 
at 135—145° for 2 hrs. (ef. [and II above). The absorption curve of the sub- 
stance was indistinguishable from that of (I) and (II). 

No evidence of chromoisomeric forms of 2 : 4-dinitrodiphenylamine has been 
obtained. 


Krina’s CoLiteGe, Lonpon. [ Received, June 11th, 1932.] 





339. The Nitration of Benzilic and Fluorenecarboxylic 
Acids. 


By Francis L. Rose. 


No nitrobenzilic acids appear to have been described, and various 
methods for the nitration of benzilic acid were therefore investigated. 
In all cases where nitration took place, the product was a yellow 
sticky mixture of nitro-acids. From this, about 10% of crystalline 
2 : 2’-dinitrobenzilic acid was separated as the aniline salt, and the 
remainder consisted of a mixture (not separated) of anhydro- 
derivatives, C,,H,,0,,N,, of 2: 3’- and 3: 3’-dinitrobenzilic acids. 
This underwent further dehydration at 100°, giving a mixture of 
compounds, C,,H,,0,.N,. 

Treatment of fluorene-9-carboxylic acid with fuming nitric acid 
gave only a small yield of a crystalline nitro-acid, the bulk of the 
product being non-acidic. The use of acetic acid or acetic anhydride 
as a diluent gave little better results, but by using various other 
solvents comparatively simple methods for mono- and di-nitration 
wereevolved. The products readily lost carbon dioxide when heated 
and gave the corresponding nitrofluorenes; many of these have been 
described, as have also the nitrofluorenones to which they may be 
oxidised. 


2 : 2’-Dinitrobenzilic Acid.—Benzilic acid (20 g.) was stirred into HNO, 
(d 1-5; 40 c.c.) below 0°, the yellow solution poured on ice, and the solid 
dissolved, washed, and dried in Et,O, and then treated with NH,Ph (10 ¢.¢.). 
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The pptd. aniline salt was shaken with Et,O0 and HCl aq., most of the Et,O 
evaporated, and CHCl, added; 2 : 2’-dinitrobenzilic acid separated in colour- 
less prisms (2-8 g.), m. p. 171—172° (decomp.) (Found: C, 52-9; H, 3-2. 
C14H190,N, requires C, 52-8; H, 3-15%), readily sol. in Et,0, acetone, and 
EtOH, but sparingly in CHCl, and C,H,. The addition of a little Zn dust to a 
hot AcOH solution gave an intense carmine colour, which disappeared as the 
liquid cooled. 

Oxidation of the acid by CrO, and AcOH gave 2 : 2’-dinitrobenzophenone, 
needles, m. p. 187° (Staedel, Ber., 1890, 28, 2578) (Found: C, 57:3; H, 3-0. 
Cale.: C, 57-35; H, 2-9%). 

The ethereal filtrate from the separation of the aniline salt was shaken with 
HCl aq. and then with Na,CO, aq. The alkaline solution was freed from 
Et,0 and treated with dil. HCl, six equal fractions being pptd. These were 
washed with H,O and dried in vac. The first two fractions were sticky and 
coloured. The last three, which were solid and colourless, were united 
(Found: C, 54:1; H, 3-0. C,.,H,,0,,N, requires C, 54-4; H, 2-9%) and 
heated in vac. at 100°, giving a non-acidic compound (Found: C, 56-1; H, 
2-8. Cy,H,,0,.N, requires C, 56-0; H, 2°7%). Oxidation of the last fractions 
with CrO, gave a product (Found : C, 54-5; H, 28%) which when fractionated 
from toluene was separated into 2 : 3’- and 3 : 3’-dinitrobenzophenones, m. p. 
127° (Staedel, loc. cit.) and 162° (Baeyer, Annalen, 1907, 354, 192) respectively. 

2: 2’-Diaminobenzilic Acid.—2 : 2’-Dinitrobenzilic acid (2 g.) was heated 
during } hr. on the water-bath with granulated Sn (4 g.) and cone. HCl (9 ¢.c.), 
and the solution diluted, freed from Sn, and evaporated to dryness. The 
residue crystallised from hot conc. HCl-acetone in colourless needles (Found : 
Cl, 21:8. C,,H,,0,;N,,2HCI requires Cl, 21-45%). 

2-Nitrofluorene-9-carboxylic Acid.—F luoreuwcarboxylic acid (1 g.) in CHCl, or 
CCl, (10 c.c.) was shaken with HNO, (d 1-43; 3c.c.) during 15 mins. The solid 
pptd. by H,O was dried in vac. and crystallised from acetone-CHCl,; yellow 
needles (0-8 g.), m. p. 186—187° (decomp.) (Found: C, 65-6; H, 3-6. 
C,,H,O,N requires C, 65-8; H, 3-5%), readily sol. in acetone and EtOH, 
sparingly in CH€l, and C,H,. The acid, when heated at its m. p. for a few 
mins., gave 2-nitrofluorene, m. p. 155° (from AcOH) (Found: C, 73-95; 
H, 4-4. Cale.: C, 73-9; H, 4:3%), which was oxidised by CrO, to 2-nitro- 
fluorenone, m. p. 220° (cf. Diels, Ber., 1901, 34, 1759; Schultz, Annalen, 1880, 
203, 103). 

2 : 7-Dinitrofluorene-9-carboxylic acid, similarly prepared (fluorenecarboxylic 
acid, 1 g.; CCl,, 10 c.c.; HNO, d 1-51, 4.¢.c.) and crystallised, formed yellow 
needles (0-7 g.) (Found: C, 56-1; H, 2-9. C,,H,O,N, requires C, 56-0; H, 
27%), resembling the preceding acid in solubility. At 150° it lost CO, and 
gave 2: 7-dinitrofluorene, straw-coloured needles which were not melted at 
280°* and rapidly darkened at that temp. (Found: C, 60-7; H,3-2. Cale.: C, 
60-9; H, 3-1%). Oxidation with CrO, in AcOH gave 2 : 7-dinitrofluorenone, 
golden-yellow needles, m. p. 290°. 

2-Nitro-7-sulphofluorene-9-carboxylic Acid.—2-Nitrofluorenecarboxylic acid 
(1 g.) was stirred into H,SO, (d 1-84; 5 c.c.) and after 15 hrs. the deep red 
solution was poured on ice (12 g.). The pptd. acid was washed with conc. 








* Although considerable dissension exists about the m. p. of 2 : 7-dinitro- 
fluorene, all agree that it melts above 250° and that 2 : 7-dinitrofluorenone 
melts at 290° (Morgan and Thomason, J., 1926, 2691). 
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HCl and dried over KOH. It separated from AcOH, on addition of CHC\,, in 
small colourless needles, readily sol. in H,O, acetone, and EtOH but sparingly 
in C,H,. The solution in aq. alkali had a deep blue-green colour, which 
changed to yellow on heating. A sparingly sol. potassium salt (Found: K, 
10-4. C,,H,O,NSK requires K, 10-5%) separated in small yellow prisms when 
a solution of the acid in H,O was saturated with KCl. This salt still contained 
a free acid group, since it was readily sol. in NaOH aq., giving a deep green 
solution, and formed with PCI, a diacid chloride, colourless needles, m. p. 159°, 
from acetone (Found: Cl, 19-3. C,,H,O,NCI,S requires Cl, 19-1%). 

The monopotassium salt lost CO, at 190°, giving the potassium salt of a 
nitrofluorenesulphonic acid, from which the acid chloride, m. p. 237°, was 
prepared (Found: Cl, 11:8. Cale.: Cl, 11:45%). Courtot (Brit, Chem. 
Abstracts, 1930, A, 1424) gives m. p. 239° for 2-nitrofluorene-7-sulphonyl 
chloride. 

2-Aminofluorene-9-carboxylic Acid.—The 2-nitro-compound (6 g.) was re- 
duced (conc. HCl, 25 c.c.; granulated Sn, 12 g.) in the usual way. From the 
tin-freed conc. solution, on cooling, the amino-acid hydrochloride separated in 
long colourless needles. This was dissolved in a very little H,O, and NH, aq. 
added, followed by dil. ACOH. The amino-acid was practically insol. in 
neutral organic solvents, but crystallised from much EtOH in small colourless 
needles, m. p. 207—208° (decomp.) (Found: C, 74-4; H, 5-2. C©,,H,,0,N 
requires C, 74-6; H, 49%). With Ac,O, it gave 2-acetamidofluorene-9-carb- 
oxylic acid, which was readily sol. in acetone and crystallised from EtOH in 
small prisms, m. p. 195° (Found: C, 71-65; H, 5-1. ©,,H,,0,N requires C, 
71-9; H, 49%). 

2 : 7-Diaminofluorene-9-carboxylic acid was similarly prepared from the 
2: 7-dinitro-compound. The brittle, colourless, hygroscopic amino-acid 
hydrochloride was dissolved in a very little H,O, excess of EtOH added, and 
then dil. NH, drop by drop till the solution was approx. neutral. 2: 7- 
Diaminofiuorenecarboxylic acid separated in small colourless needles, practic- 
ally insol. in org. solvents; m. p. 209—210° (decomp.) (Found: C, 69-7; H, 
5-1. C,,H,,0,N, requires C, 70-0; H, 5-0%). . 

With Ac,O, a diacetyl derivative was formed which was almost insol. but was 
purified by prolonged extraction with hot EtOH; m. p. 263—264° (Found: 
C, 66-5; H, 4-8. C,,H,,0,N, requires C, 66-7; H, 49%). 

2-Amino-7-sulphofluorene-9-carboxylic Acid.—The 2-nitro-compound (5 g.) 
was heated on a water-bath with granulated Sn (7 g.) and conc. HCl (15 c.c.) 
for} hr. The solution was decanted and evaporated to remove the excess of 
HCl. Colourless rectangular prisms of the amino-acid slowly crystallised. 
These were sparingly sol. in EtOH and H,O, and darkened at 290° without 
melting (Found: 8, 10-4. C,,H,,O,;NS requires 8, 10-5%). 


The author is indebted to Professor Kipping, F.R.S., for his interest in the 
work and to Imperial Chemical Industries, Ltd., for financial assistance. 


University CoLLEGE, NOTTINGHAM. (Received, June 15th, 1932.] 
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340. Synthesis of Some Nitro-derivatives of Di- 
phenylamine. 


By N. M. Cuniianz and in part (Miss) O. E. Emprey and 
Dantret R. DAvrEs. 


THE preparation of the di- and tri-nitro-derivatives of diphenylamine 
described by the authors (J. Physical Chem., 1932, 36, 1434) is 
herein recorded. The former were obtained by condensing 2: 4- 
dinitrochlorobenzene (1 mol.) and 2: 4-dinitro-5-chlorotoluene (1 
mol.) with the appropriate amines (1-3 mols.). For the preparation 
of the trinitro-compounds, picryl chloride was used, and also in 
some syntheses 2: 4 : 6-trinitrophenylmethylnitroamine, which in 
many cases was equally satisfactory (compare James, Jones, and 
Lewis, J., 1920, 117, 1273): it was not found necessary to add 
sodium hydroxide, as employed by Turpin (J., 1891, 59, 714). 


ExPERIMENTAL. 


The following condensations were carried out with the aid of anhyd. NaOAc 
as condensing agent, no solvent being employed, the mixture being heated for 
2 hrs. at 150—160°, 

2: 4-Dinitro-5-methyldiphenylamine (from dinitrochloro- or dinitrobromo- 
toluene ; yield, 70%), yellow lustrous prisms, m. p. 148°, from EtOH (Found ; 
N, 15-3. Cale.: N, 15-4%). Hepp (Anmnalen, 1882, 215, 369) records orange 
needles, m. p. 142°. 2: 4-Dinitro-5 : 2’-dimethyldiphenylamine (from dinitro- 
chloro- or dinitrobromo-toluene; yield, 70%), long thin yellow plates, m. p. 
111°, from EtOH (Found: N, 14-4. ©C©,,H,,;0,N, requires N, 146%). 2: 4- 
Dinitro-5 : 3’-dimethyldiphenylamine, deep yellow plates, m. p. 136-5°, from 
EtOH; yield, 80% (Found: N, 148%). 2: 4-Dinitro-5 : 2’ : 4’-trimethyl- 
diphenylamine (from dinitrochloro- or dinitrobromo-toluene and m-xylidine ; 
yield, 70%), greenish-yellow needles, m. p. 138° (Found : N, 13-85. C,,;H,,0,N, 
requires N, 13-95%). 2: 4-Dinitro-5 : 2’: 5’-trimethyldiphenylamine (from 
dinitrochlorotoluene and p-xylidine; small yield), yellow prisms, m. p. 114-5°, 
from EtOH (Found: N, 13-9. C,;H,,0,N, requires N, 13-95%). These 
four compounds are readily sol. in C,H,, AcOH, or Me,CO. 2: 4-Dinitro- 
2’-methoxy-5-methyldiphenylamine, recryst. from AcOH, had m. p. 146° 
(yield, 90%). It was sparingly sol. in light petroleum and was isolated in two 
modifications of different colour (Cullinane, Embrey, and Davies, loc. cit.). 
2: 4-Dinitro-3’-ethoxydiphenylamine, recryst. from Me,CO-EtOH, formed 
yellow plates, m. p. 153° (yield, 75%), slightly sol. in EtOH (Reverdin and 
Lokietek, Bull. Soc. chim., 1915, 17, 496, describe orange-yellow crystals, 
m.p. 151°). These two compounds are readily sol. in CsH,, Me,CO, CHC1,, or 
CsH,N. 2: 4-Dinitro-3’-ethoxy-5-methyldiphenylamine, thick orange-yellow 
plates, m. p. 115°, from EtOH (yield 70%); moderately easily sol. in EtOH 
or AcOH, easily in Me,CO, CHCl,, C;H,;N, or C,H, (Found: N, 13-3. 
C,;H,,0,N, requires N, 13°25%). 2: 4-Dinitro-4’-ethoxy-5-methyldiphenyl- 
amine, recryst. from AcOH, had m. p. 148°5°; yield, 90%. It exists in two 
modifications of different colour (Cullinane, Embrey, and Davies, loc. cit.). 
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2 : 4-Dinitro-5-methylphenylbenzylamine (from dinitrochlorotoluene and benzy]- 
amine; yield, 70%), bright yellow plates, m. p. 102°, from C,H, (Found: N, 
14-8. C,,H,,0,N; requires N, 14-6%). A higher temp. (180°) was employed 
in the prep. of the three following compounds. 2 : 4-Dinitro-2’-methoxy- 
diphenylamine (80% yield), m. p. 165-5° (Cullinane, Embrey, and Davies, 
loc. cit.). Schépft (Ber., 1889, 22, 902) gives m. p. 151°. 2: 4-Dinitro-4’- 
ethoxydiphenylamine, scarlet lustrous plates, m. p. 121—122°, from EtOH 
in 90% yield (compare Blom, Helv. Chim. Acta, 1921, 4, 1036). 2 : 4-Dinitro- 
phenylbenzylamine (from dinitrochlorobenzene and benzylamine; yield, 90%), 
yellow plates, m. p. 116°, from AcOH; sol. in EtOH, C,H,, or Me,CO; ale. 
alkali produces a red colour (Found: N, 15-4. C©,;H,,0,N; requires N, 15-4%), 

For the prep. of the two following substances the reaction mixture was 
heated to 200°. 2: 4-Dinitro-4’-methoxydiphenylamine, deep red prisms, 
m. p. 141°; yield, 90% (compare Blom, loc. cit.). 2 : 4-Dinitro-2’ : 5’-dimethyl- 
diphenylamine (from p-xylidine and dinitrochlorobenzene), orange-red hair- 
like needles, m. p. 144°, from EtOH (Found: N, 14-7. Cale.: N, 14-6%). 
Lesser (Annalen, 1913, 402, 51) gives m. p. 150°. 

The following compounds were prepared by refluxing the reactants with 
EtOH and NaOAc for 1—1} hrs. 2: 4-Dinitro-2’-ethoxydiphenylamine, 
red silky needles (from Me,CO), m. p. 172°, readily sol. in C,H,, or AcOH, and 
moderately easily in EtOH (Found: N, 13-9. Cale.: N, 13-9%). Schépff 
(loc. cit.) gives m. p. 164°. 2: 4-Dinitro-2’-ethoxy-5-methyldiphenylamine, 
scarlet needles, m. p. 179-5°; yield, 75% (Found: N, 13-3. C,;H,,0;N; 
requires N, 13-25%). 2’-Bromo-2 : 4 : 6-trinitro-4’-methyldiphenylamine (from 
picryl chloride and m-bromo-p-toluidine), orange prisms, m. p. 176°; yield, 
90%. C,H, or EtOH was suitable as a reaction medium (Found: Br, 20-1. 
C,3;3H,O,N,Br requires Br, 20-1%). 2: 4: 6-Trinitrophenylbenzylamine (from 
picryl chloride and benzylamine; yield, 90%), yellow flat prisms, m. p. 141-5". 
James, Jones, and Lewis (loc. cit.) describe chocolate-coloured needles, m. p. 
143-3°, and golden-yellow crystals, m. p. 144-8°. 

In the three following condensations 2: 4 : 6-trinitrophenylmethylnitro- 
amine was substituted for picryl chloride. 2: 4: 6-Trinitro-4’-hydroxydi- 
phenylamine, red prisms, m. p. 178°. Turpin (loc. cit., p. 719) and Wedekind 
(Ber., 1900, 38, 433), who record m. p. 174° and 173° respectively, and Meldola 
(J., 1917, 111, 550) used picryl chloride in the condensation. 2: 4: 6-Tri- 
nitro-4’-ethoxydiphenylamine (yield, 90%), long thin red prisms, m. p. 138-5", 
from EtOH (Found: N, 16-2. C,,H,,0,N, requires N, 16:1%). 2:4:6- 
Trinitro-4’-aminodiphenylamine, red prisms, m. p. 194°; yield, 90%. Morgan 
and Micklethwait (J., 1908, 93, 608) give m. p. 185—187°. 

Benzo-2 : 4 : 6-trinitroanilide.—Picryl chloride and benzamide, heated alone 
or in EtOH, gave a very small yield of product. Benzamide (1 mol.), picryl 
chloride (1-2 mols.), and NaOH (1-2 mols.) were refluxed in EtOH for 4 hrs. 
The solid that separated on cooling crystallised from EtOH in yellow rectan- 
gular prisms, m. p. 191°, sol. in Me,CO, and moderately easily in AcOH 
(Found: N, 17-1. C,,;H,O,N, requires N, 16-9%). 


UNIVERSITY COLLEGE, CARDIFF. [Received, July 1st, 1932.] 
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341. Investigations in the Diphenylene Oxide Series. 
Part III. 


By N. M. CuLLinane. 


THE 2-nitro-derivative obtained by the nitration of diphenylene 
oxide in acetic acid or carbon tetrachloride (Cullinane, J., 1930, 
2267; compare Ryan and Cullinane, Sci. Proc. Roy. Dublin Soc., 
1924, 17, 321) yields on further nitration in acetic acid (Ryan and 
Cullinane, loc. cit.) a dinitro-derivative, m. p. 245°, which is 
also formed by the direct nitration of diphenylene oxide with 
fuming nitric acid or nitrogen peroxide vapour. The orientation 
of the second nitro-group has now been determined. 

Reduction yielded a different diamine from 2 : 7-diaminodi- 
phenylene oxide (Bayer and Co., D.R.-P. 48,709). Partial reduc- 
tion afforded a nitroamino-compound which, on replacement of the 
amino-group by hydrogen, yielded 6(= 3)-nitrodiphenylene oxide, 
m. p. 151°. As both nitro-groups are not substituted in the same 
benzene nucleus, the dinitro-compound, m. p. 245°, is 2 : 6-dinitro- 
diphenylene oxide (I). The 3-nitrodiphenylene oxide, m. p. 151°, 
was identical with an authentic specimen prepared by Brumberg 
(Diss., Géttingen, 1925) and was converted by reduction and the 
Sandmeyer process into Mayer and Krieger’s 3-bromodiphenylene 
oxide (Ber., 1922, 55, 1661). 

Modern electronic theory would lead one to expect the oxygen 
atom in diphenylene oxide to be op-directing (II), yet the main 
mononitration product is the 2-derivative. Professor R. Robinson 
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has kindly suggested the following explanation. The nitration of 
carbazole proceeds normally (III), producing 3-nitrocarbazole, and 
thus there is a direct electromeric system involving the aromatic 
nucleus that is substituted and the imino-group. The same thing 
appears to hold also for tetrahydrocarbazole (IV), but if the imino- 
group is acetylated or benzoylated nitration occurs in the position 
indicated (V), and it was suggested by Robinson (see Perkin and 
Plant, J., 1923, 123, 684) that this anomalous orientation is the 
result of the route selected for the electromeric changes. In any 
aromatic system comprised of fused homocyclic aromatic groups 
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such as naphthalene, anthracene, and phenanthrene, no alteration 
in the results to be expected can be made by altering the route 
taken by electromeric changes. But the case is different wherever 
one of the fused rings comprises an odd number of atoms, and the 


H Ac 
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results obtained in the present work can be accounted for by the 
electromeric change in the course of nitration taking the route 
indicated (VI or VII). 


O 0) 
(VI.) OS Sag, (VII.) 


In all probability bromination is a more faciie process than 
nitration and can take advantage of a smaller degree of polarisation 
occurring more frequently than the activations of greater amplitude 
required to facilitate nitration: diphenylene oxide, therefore, is 
brominated normally, giving the 3-bromo-derivative. 

The substitution of the second nitro-group in 2 : 6-dinitrodi- 
phenylene oxide proceeds normally, for the positive field of the 
first nitro-group will inhibit any electromeric changes from passing 
out of the nucleus containing it. 


EXPERIMENTAL. 


2 : 6-Dinitrodiphenylene Oxide.—To a nearly boiling solution of 2-nitrodi- 
phenylene oxide (10 g.) in AcOH (100 c.c.), HNO, (50 c.c.; d 1-5) was added 
in several portions. Pptn. was complete in 1—l}hrs. The dinitro-compound, 
washed with H,O, formed pale yellow needles (10 g.), m. p. 245°, from Me,CO; 
yield, 83% (compare Ryan and Cullinane, loc. cit., p. 325). 

2 : 6-Diaminodiphenylene Oxide.—The dinitro-compound was reduced with 
Sn or Fe and HCl aq. The diamine (yield, 80%) crystallised from EtOH in 
colourless plates, m. p. 152°, slightly sol. in hot H,O and sol. in the usual 
org. solvents (Found: C, 73-0; H, 5-1; N, 14:1. C,,H,,ON, requires C, 
72-7; H, 5-05; N, 14:1%). It gave a deep blue colour with FeCl, aq. No 
quinoxaline was produced with benzil, showing that the base was not the 
2 : 3-diamine (compare Borsche and Schacke, Ber., 1923, 56, 2505). 

Reduction of the above dinitrodiphenylene oxide with Fe and AcOH gave 
the 2 : 6-diamine (contrast Mailhe, Compt. rend., 1912, 154, 1517). 

The diacetyl derivative, prepared by means of Ac,O, crystallised from 
EtOH in colourless plates, decomp. about 290°, readily sol. in AcOH or 
Me,CO (Found: N, 10-2. C,,H,,0;N, requires N, 9-9%). 

The 2:17-diaminodiphenylene oxide prepared by Bayer and Co. (for 4 
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specimen of which we are indebted to Messrs. I. G. Farbenindustrie A.-G.) 
was similar in appearance to the 2: 6-diamine, consisting of white needles, 
m. p. 150—152° (Found: N, 140%), and afforded a deep blue coloration 
with FeCl, aq. A mixture of the two bases, however, had m. p. 120—125°. 
The diacetyl derivative of 2: 7-diaminodiphenylene oxide crystallised from 
EtOH in colourless plates, m. p. 322° (Found: N, 10-1%). Moreover, when 
the two diamines were bis-diazotised and coupled with salicylic acid, delta- 
acid, R-salt, and H-acid, dyes were formed which produced different colours 
on cotton, viz., (2: 6-diamine) brownish-yellow, rust-brown, reddish-violet, 
navy-blue, and (2: 7-diamine) brownish-yellow, red with purple tint, blue- 
violet, navy-blue, respectively. 

6-Nitro-2-aminodiphenylene Oxide.—A suspension of 2 : 6-dinitrodiphenylene 
oxide (10 g.) in EtOH (200 c.c.) and NH, aq. (10 c.c.; d 0-880) was twice 
saturated with H,S with a 2-hr. interval. The EtOH was distilled off, and 
the residue extracted with boiling dil, HCl. NH, aq. pptd. the nitroamino- 
compound, which was washed with H,O, dried, dissolved in Me,CO, and 
recrystallised a few times from Me,CO-EtOH; yellowish-orange needles (5-5 
g.), m. p. 268° (Found: N, 12:4. C,,H,0O,N, requires N, 12-3%), slightly 
sol. in EtOH, C,H,, or CHCl, and readily in hot AcOH or Me,CO. 

6(=3)-Nitrodiphenylene Oxide.—The nitroamino-compound (which could 
not be diazotised with NaNO, and HCl aq.) (5 g.) was added to H,O (25 c.c.), 
EtOH (125 c.c.), and oleum (25 c.c.; 40% SO,), the temp. raised to 80°, 
NaNO, (12 g.) added in small portions, and the reaction completed by reflux- 
ing the mixture for 30 mins. Dilution with H,O pptd. a solid, which was 
washed with boiling NaOH aq., dil. HCl, and H,O and then extracted with 
Me,CO. After crystn. from EtOH~Me,CO, 3-nitrodiphenylene oxide was 
obtained as small, pale yellow needles (2-3 g.), m. p. 151° (Found: N, 6-7. 
Cale. : N, 6-6%), slowly volatile in steam, slightly sol. in EtOH, but readily 
in C,H,, AcOH, Me,CO, or CHCl, (Ryan, Keane, and McGahon, Proc. Roy. 
Irish Acad., 1927, 37, [B], 372, give m. p. 141°). It did not depress the m. p. 
of a specimen of 3-nitrodiphenylene oxide prepared by Brumberg (loc. cit.), 
for which we are indebted to Professor W. Borsche. 

3-Aminodiphenylene oxide was prepared by reduction of the nitro-compound 
with Sn and HCl aq. The hydrochloride was obtained as colourless leaflets. 
The base crystallised from dil. EtOH in colourless plates, m.p. 125°, sol. in 
the usual org. solvents (Found: N, 7-7. C,,H,ON requires N, 7-65%). It 
was diazotised at 0° with NaNO, and HCl aq. and then coupled with resorcinol 
(orange), H-acid (violet), R-salt (pink), delta acid (light brown), and gamma 
acid (purplish-brown): the colours in parentheses are those produced on 
cotton by the dyes. 

3-Bromodiphenylene Oxide.—3-Aminodiphenylene oxide (2 g.) was diazo- 
tised, the clear solution (40 c.c.) poured gradually into 10 c.c. of a 10% 
solution of CuBr, and the mixture distilled in steam. The bromo-compound 
(0-5 g.) was deposited in the distillate, and on recrystn. from dil. EtOH 
furnished colourless leaflets, m. p. 109°, identical with the 3-bromodiphenylene 
oxide synthesised by Mayer and Krieger (loc. cit.). 


The author thanks Imperial Chemical Industries, Ltd., for gifts of 
chemicals, 


Untversiry Cottecre, CARDIFF. 





(Received, July 4th, 1932.] 
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342. Polysaccharides. Part XII. Acetolysis 
Products of Cellulose. 


By W. N. Haworrs, E. L. Hirst, and O. Ant-WvuoRINEN. 


DIVERGENT views have been held as to the nature and significance 
of the acetylated break-down product obtained by Hess and Friese 
(Annalen, 1926, 450, 40, and later papers) as the result of 
subjecting cellulose to acetolysis under mild conditions. The 
substance was considered by Hess to be homogeneous and to have 
the structure of a disaccharide anhydride. Other workers (ef. 
Meyer and Mark, Ber., 1928, 61, 2432; Freudenberg, Ber., 1929, 
62, 385) have doubted both the homogeneity and the molecular 
weight of the product and the view is widely held that “ biosan 
acetate ” is in reality a mixture of cellodextrin acetates of com- 
paratively high molecular weight. During the course of the present 
work we have obtained strong evidence of the correctness of the 
latter view. Biosan acetate has a high molecular weight in camphor. 
It is not homogeneous and a study of its acetolysis products has 
shown that under mild conditions a mixture of cellodextrin acetates 
(molecular weight about 1600) is formed and some of the biosan 
remains unchanged. Under more drastic conditions a mixture of 
dextrin acetates was obtainable which was separated into fractions 
differing in m. p. and rotation and having molecular weights ranging 
continuously from approximately 640 to about 1300. These observ- 
ations can be interpreted satisfactorily only if the supposed 
“ biosan ”’ is in reality a cellodextrin of high molecular weight (at 
least 2000). Further evidence pointing to a similar conclusion was 
provided by a study of methylated ‘“ biosan,’ which in camphor 
has a molecular weight greater than 2000. 

Other products obtained by the acetolysis of cellulose concerning 
which a variety of opinions has been advanced are the “ cello- 
isobiose ’’ and the trisaccharide “ procellose ’’ claimed respectively 
by Ost (Ost and Prosiegel, Z. angew. Chem., 1920, 33, 100; Ost and 
Knoth, Cellulosechem., 1922, 3, 25) and by Bertrand and Benoist 
(Bull. Soc. chim., 1923, 1451; 1924, 58). The existence of cello- 
isobiose as a disaccharide distinct from cellobiose has frequently 
been questioned and the fact that on acetylation the product is 
mainly cellobiose octa-acetate has been difficult to explain, more 
especially as the acetate of celloisobiose, which is formed only to 4 
minute extent, cannot be converted into cellobiose octa-acetate. 
An unexpected solution of the problem emerges, however, from the 
results of our experiments on the acetolysis of cellulose under 
Bertrand’s conditions. The “ procellose ” so obtained was acetyl- 
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ated and the acetyl derivative, which was readily isolated in good 
yield and was free from admixture with cellobiose octa-acetate, had 
properties similar to those recorded by Ost for the acetate of cello- 
isobiose. It is difficult to differentiate with certainty between the 
octa-acetate of a disaccharide and the hendeca-acetate of a tri- 
saccharide by analysis (see experimental section) or by ordinary 
methods of determining molecular weights (e.g., raffinose acetate 
gives by Rast’s method the value required by a disaccharide). 
Accordingly the acetate was deacetylated and methylated and 
examination of the fully methylated procellose revealed that it was 
in fact a trisaccharide. The rate of hydrolysis was similar to that 
of the methylated trisaccharide examined by Haworth, Hirst, and 
Thomas (J., 1931, 824) and it is highly probable that all three 
glucose units were of the pyranose type. 

The present work provides strong support for the following general 
conclusions concerning the process of acetolysis. When this oper- 
ation is conducted under mild conditions the product is a mixture of 
cellodextrins which contain comparatively long chains of glucose 
units linked as in cellobiose. Hess’s cellobiosan is such a mixture. 
As the conditions of acetolysis become more drastic the average 
chain-length of the dextrins decreases and a stage of the degradation 
is reached which represents the optimum conditions for the formation 
of Bertrand’s “ procellose ’’ which consists for the most part of a 
trisaccharide. Owing to grave experimental difficulties it is almost 
impossible to guarantee that acetolysis experiments performed 
apparently under identical conditions will give precisely the same 
type of mixture, and this accounts for the conflicting claims con- 
cerning the nature of “ procellose ’’ and “ celloisobiose.” It now 
seems reasonably certain that “ celloisobiose ”’ does not exist and 
that the material claimed as such is a mixture of cellobiose with a 
trisaccharide which would appear to be identical with Bertrand’s 
“ procellose.”’ 

EXPERIMENTAL. 

The acetolysis of cellulose (cotton linters) was carried out exactly as de- 
seribed by Hess and his collaborators (loc. cit.) for the preparation and puri- 
fieation of cellobiosan acetate. Although care was taken to ensure exactly 
similar conditions during each expt., the products obtained differed from one 
another in certain respects and were not homogeneous. For instance, when a 
sample of material with m. p. 270—272° was dissolved in a mixture of equal 
vols. of CHCl, and MeOH and the solution was allowed to evaporate slowly, 
the first crop had m.p. 257—258°. A typical preparation of “ cellobiosan 
acetate’ had m. p. 268—270°, [aJ?” — 14-5° in CHCl, [Found: C, 49-2; 
H, 6-0; CH,°CO,H, 61-8. Calc. for C,4H,,0,,: C, 50-0; H, 5-6; CH,-CO,H, 
625%). 

3 Ae acetate 


” 


dissolved readily in molten camphor, but caused 
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no appreciable depression of the m. p. Hence the mol. wt. is probably high 
(above 3000). 

Methylation of ‘‘ Cellobiosan.”’—‘ Cellobiosan acetate ’’ (10 g.), dissolved in 
acetone (250 c.c.), was methylated at 50—55° by Me,SO, (60 c.c.) and 30% 
NaOH aq. (160 c.c.). This operation, which occupied 2 hrs., was performed 
in the usual way. The methylated product separated from the hot solution 
and was removed by filtration and washed several times with boiling H,0. 
It was 2 white amorphous powder with properties similar to those ascribed 
by Hess to “‘ methylated cellobiosan,”’ m. p. 213—215°, [a]7)” — 7-2° in C,H, 
(c, 1-6) (Found: C, 52-9; H, 7-9; OMe, 44-6. Calc. for C,,H;,0,,: C, 52-9; 
H, 7-8; OMe, 45-6%). The apparent mol. wt. determined cryoscopically in 
camphor was 1600 (calc., 408). A sample of the methylated substance 
(0-8 g.) was heated at 180° for 30 mins. with four times its wt. of molten 
camphor. On removal of the ‘camphor by extraction with Et,O, there re- 
mained a colourless non-reducing solid (0-65 g.), m. p. 226—229°, [a]) — 96° 
in C,H, (c, 2-5). This had an apparent mol. wt. 2100. The treatment with 
molten camphor seemed to have removed a small amount of partly degraded 
material, 

Acetolysis of ‘* Cellobiosan.’’—“ Cellobiosan acetate ”’ (10 g.), dissolved in 
AcOH (30 c.c.), was heated at 105° for a few secs. with Ac,O (50 c.c.) con- 
taining conc. H,SO, (6-8 c.c.). "When the colour began to darken, the mixture 
was poured into cold H,O. The white ppt. was washed with H,O until 
neutral and dried in a desiccator over soda-lime. Yield 6-4 g., m. p. indefinite, 
below 100°. [a]#” + 20° in CHCl, (c, 1-7). This material (6 g.) was sol. in 
hot EtOH, from which a portion separated on cooling. As the result of system- 
atic fractionation from EtOH the following fractions were obtained. 


{a}? in Apparent mol. wt. 


M. p. CHCl. in camphor. 
pa ee ee 184—185° + 28° 640 
REE, * scdtne cagtns sheers 123—124 +12 920 
Braction TIT 00:55. .00cs080. 139—140 +10 1300 
Fraction IV ..........s0e0005. 172—174 + 8 1300 


On another occasion the acetolysis of ‘‘ cellobiosan acetate "’ (5 g.), dissolved 
in AcOH (30 c.c.), was carried out under milder conditions by the action of 
Aec,O (25 c.c.) containing cone. H,SO, (2 ¢.c.). The reaction was allowed to 
proceed for 30 secs. at 60°. The product (4-7 g., [a]) — 11° in CHCl) was 
isolated as before and fractionated from EtOH. A considerable portion of 
it (3-5 g.) was only slightly sol. in this solvent and appeared to be unchanged 
** cellobiosan acetate,” m. p. 257—-259°, [a]p — 14-7° in CHCl, (c, 1-5). There 
was obtained also a substance (0-4 g.), m. p. 164—165°, [a], — 8-6° in CHC, 
(c, 2-7), which had an apparent mol. wt. 1600 in camphor. 

Preparation of “ Procellose.”—The acetolysis of cellulose (filter-paper) was 
carried out by the method of Bertrand and Benoist (loc. cit.) and the directions 
of these authors for the isolation of procellose from the acetolysis product were 
followed exactly up to the final stage when the solution of procellose in 85% 
EtOH was left to crystallise. After several months the amount of cryst. 
material was negligible. The alc. solution was then concentrated to small 
vol. and the free sugar precipitated as a syrup by the addition of acetone. 
The sugar hardened on trituration with acetone and was finally obtained as 4 
white powder, which was washed with acetone and ether and dried in a4 vac. 
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desiccator. It was strongly reducing and very hygroscopic. The yield was 
57 g. from 3500 g. of cellulose. 

The acetyl derivative was prepared by heating the sugar (1 part) with 
Ac,O (7 parts) containing anhyd. NaOAc (2 parts) for 30 mins. at 100°. The 
solution was poured into ice-water and the white powder which separated was 
washed until free from acid (yield, 1-4 parts). The acetate was purified by 
fractionation from aq. EtOH : a white powder was obtained in characteristic 
microscopic globules. It did not appear to be cryst. and attempts to induce 
crystn. from EtOH, MeOH, C,H,, EtOAc, AcOH, dioxan, CHCl,, and mixtures 
of these solvents were unsuccessful. The m. p., specific rotation, and apparent 
mol. wt. remained unchanged after the substance had been precipitated 15 
times in succession from aq. EtOH. M.p. about 120°, with softening from 
109°; [aJ}%” + 5-0° in C,H, (c, 3-8). Apparent mol. wt. 690 (cryoscopic in™ 
camphor) [Found: ©, 49-8; H, 6-2. Calc. for C,,H3,0,, (disaccharide) : 
C, 49-5; H, 56%. Cale. for C,,H,;,0,, (trisaccharide): C, 49-7; H, 5-6%). 

When heated for 45 mins, at 100° with Ac,O (50 c.ec.) containing a little 
ZnCl, (cf. Hudson and Johnson, J, Amer. Chem. Soc., 1915, 37, 1276), the 
acetate (3-0 g.) was transformed into an amorphous white powder (2-5 g.) 
which, after purification by pptn. from aq. EtOH, had m. p. 128—130°, 
and [a]}® + 18° in CHCl, (c, 3-6). 

Simultaneous Deacetylation and Methylation of the Procellose Acetate.—The 
acetate (10-4 g.), dissolved in acetone (100 c.c.), was treated in the usual way 
with Me,SO, (90 c.c.) and 30% NaOH aq. (230 c.c.). After removal of the 
acetone by evaporation, the mixture was heated for an hr. at 100°, and cooled, 
and the product (5 g.) extracted with CHCl,. After three methylations by 
Ag,O and MelI a glassy solid (4-8 g.) was obtained. This was distilled under 
diminished press., giving an extremely viscid syrup (A), b. p. about 300° 
(bath temperature) /0-04 mm., [a]}” + 27° in CHCl, (c, 0-9) [Found: C, 53-1; 
H, 8-4; OMe, 49-9. Calc. for C,,H,,0,, (disaccharide): C, 52-8; H, 8-4; 
OMe, 546%. Calc. for C,,H,,0,, (trisaccharide): C, 52:9; H, 8-3; OMe, 
518%]. 

Hydrolysis of the Methylated Product.—The syrup (A) (1-73 g.) was hydrolysed 
by 5% HCl aq. at 95—100° in about 2 hrs., the course of the reaction being 
followed polarimetrically. [a]? -+- 36° (after 30 mins. at 95°); + 66° (60 
mins.); -+ 75° (90 mins.); + 78° (120 mins., const. value). The acid was 
neutralised with BaCO, and the clear filtered solution was extracted with 
CHC], (8 X 30 c.c.). The CHCl, left on evaporation a colourless syrup 
(0°55 g.) which rapidly crystallised. Recrystn. from light petroleum (b. p. 
40—60°) gave tetramethyl glucopyranose, m. p. 85—87°, alone or when mixed 
with an authentic sample of m. p. 87—88°. 

The neutral aq. solution was evaporated to dryness, and the solid so ob- 
tained was extracted with boiling CHCl,. Removal of the solvent left a 
colourless syrup (0-6 g.) which rapidly crystallised and on recrystn. from dry 
Et,0 gave 2: 3: 6-trimethyl glucopyranose, m. p. and mixed m. p. with an 
authentic sample 106—108°. 


UnNIvVERsITy oF BreMINGHAM, [Received, August 3rd, 1932.] 
EDGBASTON. 
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343. Polysaccharides. Part XIII. The Chain- 
length of Methylated Cellodextrins. 


By W. N. HawortH and Hans MACHEMER. 


UnpER the conditions of acetolysis cellulose is broken down to 
molecules of smaller chain-length and although the process can be 
controlled to a considerable extent to obtain substances representing 
differing stages of scission, the acetylated products are invariably 
mixtures. The extreme case is that by which a mixture of glucose 
and cellobiose acetates is obtained. But intermediate between these 
substances and cellulose lies a whole range of partly degraded 
cellodextrins, isolated as their acetates. Some degree of order may 
be introduced into these products by taking advantage of their 
solubilities. By an elaborate process of solution and fractional re- 
precipitation from solvents the compounds are assorted into groups 
of products having roughly a similar chain-length. The ultimate 
separations involve a laborious treatment outlined in the experi- 
mental section. Five main groups of products were recognised from 
their solubility differences, decomposition points, rotations, and 
acetyl content, and their approximate chain-length estimated by the 
determination of their “ iodine value ”’ (which is the degree of reduc- 
tion observed with Willstiatter’s reagent—hypoiodite) on the principle 
worked out by Bergmann and Machemer (Ber., 1930, 63, 316, 2304). 

Our main object was to prepare the methylated representatives of 
these cellodextrin acetates, which we effected by one direct treat- 
ment with methyl sulphate and alkali, and we showed that more than 
one treatment (Fraction IV, Table II) conferred no advantage. 
These methylated cellodextrin fractions were each subjected to 
further fractional solution and precipitation to obtain groups of 
products having similar properties, and to arrange the several frac- 
tions in the order of general homogeneity so far as this is possible. 
The individual fractions were then hydrolysed and the tetramethyl 
glucose content of the products was determined. The general 
experimental treatment was the same as that outlined in the paper 
by Haworth and Machemer on cellulose (this vol., p. 2270). The 
greater proportion of the products reveals an average chain-length 
of 20—25 glucose units corresponding to mol. wts. of 3000—4000 
for the parent cellodextrins, whilst others contained from 10 to 14 
glucose components. If the further fractional separation which was 
introduced for the methylated cellodextrins be taken into account, 
it is seen that these values for the cellodextrin acetates are in general 
agreement with the estimates of other workers (Bergmann and 
Machemer, loc. cit.; Staudinger and co-workers, Ber., 1930, 63, 
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2313, 2331, 3132; 1931, 64, 1688, 1694, ete.; Meyer and Mark, Ber., 
1928, 61, 2432; Meyer, Hopff, and Mark, Ber., 1930, 63, 1531; 
K. Freudenberg and Bruch, Ber., 1930, 63, 535). 

For the original study of the cellodextrins under the name of 
“ biosans ”’ we are indebted to Hess and Friese (Annalen, 1926, 450, 
40; compare also Bergmann and Knehe, ibid., 1925, 445, 1). By 
an independent method we have shown that the cellodextrins are 
long-extended molecules consisting of mutually linked glucopyranose 
units. The chains terminate in end glucose components, each of 
which can be recognised by the singularity of its properties, in the 
one case by the occurrence at one terminal position of a tetramethyl 
glucose component (for the methylated dextrins) and in the other 
case by the estimation of the reducing property of the glucose 
component at the reverse end (for the dextrin acetates). 





THE CHAIN-LENGTH OF METHYLATED CELLODEXTRINS. 


ExPERIMENTAL. 


The acetolysis of cellulose was carried out as described by Hess and Friese 
(loc. cit.) and the products were submitted to fractional separation with the 
series of solvents recommended by these authors. Each of the various solid 
fractions was dissolved in CHCl, and pptd. with hot EtOH, and the insol. 
portion collected. 

The products were each hydrolysed by KOH and MeOH, the insol. poly- 
saccharide collected, re-acetylated with Ac,O and NaAc at 130° for 1 hr., 
cooled, and poured into ice-water, and the acetates submitted to repeated 
fractional solution and pptn. (cf. Bergmann and Machemer, loc. cit.). The 
fractions finally separated by this long and laborious treatment are given in 
Table I. The methylation of each fraction was conducted as described by 
Haworth, Hirst, and Thomas (J., 1931, 821; see also Haworth and Machemer, 
loc. cit.) for the simultaneous de-acetylation and methylation in acetone (yields, 
80—90%). 

The methylated products were dissolved separately in CHCl, (10% solution) 
and about 4 times this vol. of Et,0 was added at 15° during stirring. As soon 
as a cloudiness appeared, the Et,O0 addition was interrupted and the solution 
left over-night or until pptn. was complete. Collected on a linen filter, the 
highly swollen ppt. was easily separated ; the filtrate, treated with an equal vol. 
of light petroleum, gave a second fraction. Vac. evaporation of the filtrate 
provided the third fraction (Table II). The composition of the fractions was 
controlled by analysis, but since the C and H values are all similar, only the 
OMe estimations are recorded. 

Hydrolysis of each fractionated portion of the methylated cellodextrins 
was carried out as described by Haworth and Machemer (loc. cit.), and the 
amount of tetramethyl glucose determined, first as the methylglucoside by 
repeated fractional distillation in a Widmer flask with column, and finally by 
hydrolysis to the cryst. tetramethyl glucopyranose. This showed m. p. 90°, 
[a] + 83° (equil. val. in H,O) (Found: C, 50-65; H, 8-65. Cale.: C, 50-8; 
H, 85%). Since this conversion was almost quantitative, we have recorded 
in Table II the percentage yield only of the tetramethyl methylglucoside and 
have calculated therefrom the average number of glucopyranose residues in the 
methylated cellodextrin fractions which were estimated. 
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Tasxe I. 
Fractions of Cellodextrin Acetates. 


No. of glucose 


Fraction [a]p in Sinter and AcOH con- residues found 
No. Yield, %. CHCl,. decomp. pt. tent, %. by I, value. 
I 14 —18-1° 274—280° 62-6 21 
II 17 —17-9 265—272 63-2 19 
Tit) 37 — 16-6 252—258 63-0 14 
(fractions were —16-6 252—258 63-0 14 
iv} combined) 
V 9 —15°6 227—235 64-3 12 
VI 13 —14-9 210—215 54-5 12 
x <10 —19-5 290—295 62-5 (Residue of cellu- 


lose acetate) 


As in the parallel investigetion on methylated cellulose, we found that the 
experimental accuracy of the estimations was subject to a deficiency of 5% 
in the fractional distillations, and the same correction has been made also for 
slight losses at the hydrolysis and glucoside formation stages, i.e., a total 
correction of 10% has been made in the figures as given in Table IT. 


TaBLeE IT. 
Fractionation of Methylated Cellodextrins. 
Crude products Fractionated products. 
(before fractionation). % Tetra- Average number of 
Sinter methyl glucose residues 
Fract. and methyl- estimated from 
No. in Fract. OMe, decomp. glucoside yield of tetra- 
Table I Wt., g. No. Wt.,g. [alp. %. pt. found. methy!] glucose. 
I 23 la 222 —126° 45 230—235° 5-7 21 
II 33 Ila 27-5 —12-1 44 229—232 46 26 
IIb 3-7 — 94 44 218—222 
Ill 30 Illa 23-5 —12°5 44 220—235 5-0 24 
ItIb 4-0 —10-0 45 201—203 
IIIc 1-4 — 565 42 155—160 
IV 33 IVa 270 —11-7 44 222—-225 5-1 24 
(same as Fr. TI, IVb 40 — 93 45 205—210 9-0 13 (Fr. IVb, Itb, VII 
but methylated IVc 20 —45 43 160—165 combined) 


8 times to study 
effect) 


Vv ll Va 91 —96 44 186—190 8-5  14(Fr. Va, Via, IIb 
(Fr. Ib, Ic, VIb combined) 
were united with Vb 84 —44 45 160—163 10-4 11 (Fr. IVe, Vb, Iie 

this) combined) 
VI 12 VI 45 —90 44 198—203 
Vil 2-4 VIL 24 — 98 44 210—215 
Vill 10 VU. 1-0 _ 40 125—127 
Fr. VII is the united CHOI, extract of the alkaline aq. methylation solution; Fr. VIII is its most 
sol. portion. 


After the separation of 2 : 3: 4 : 6-tetramethyl methylglucoside the remaining 
product was 2:3: 6-trimethyl methylglucoside. From the whole of these 
distillates 100 g. were refractionated in order to estimate the dimethyl! methyl- 
glucoside content, which was 4 g. The overall yield of distillates was 90%- 
No evidence was obtained, from the nature and quantity of the distillates, of 
the presence of decomposition products and it seemed that little or no 
decomposition had taken place during the methylation processes. 


UNIVERSITY OF BIRMINGHAM, [Received, August 3rd, 1932.] 
EDGBASTON. 
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344. Polysaccharides. Part XIV. The Molecular 
, Structure of Amylose and of Amylopectin. 


By E. L. Hmsr, (Miss) M. M. T. Puant, and (in part) (Miss) 
M. D. WiILKINson. 


AvrHoucH it has been generally accepted that starch consists 
essentially of a mixture of amylose, which dissolves readily in 
water, giving mobile solutions, and amylopectin, which is insoluble 
in cold water and gives starch pastes with hot water, the relationship 
between the two modifications has remained obscure. The work of 
Samec and his collaborators on the phosphorus content of starch 


, preparations seemed to point to the idea that the soluble amylose 
ir portion of starch is free from phosphorus and that the insolubility 
al and the paste-forming properties of amylopectin are traceable to 


the phosphorus content of the latter. These views are not, however, 
entirely satisfactory, since it has been demonstrated by Karrer 
(Helv. Chim. Acta, 1929, 12, 1144; 1932, 15, 48) that amylose may 
possess a distinct phosphorus content. The present experiments 
reveal that a soluble amylose fraction which retains the full phos- 
phorus content of the original starch can be prepared from potato 
starch. The amylopectin portion, which has the same phosphorus 
content, differs completely in solubility and paste formation from 
the amylose. 

Haworth, Hirst, and Webb (J., 1928, 2681) pointed out that under 
suitable (mild) conditions starch reacted chemically as if it consisted 


Il entirely of amylose. Further examination of the relationship 
between amylose and amylopectin has now shown that the chemical 
m similarity is closer even than was anticipated. There is good 


reason for the belief that each component consists of chains of 
glucopyranose units which are linked together as in maltose, the 
number of glucose units in the chain being about 24 both for methyl- 


4 ated amylose and for methylated amylopectin. It is probable, 
therefore, that the unmethylated substances, in the form in which 
ig they occur in starch, have a molecular magnitude little if any 
greater than 24 glucose units. The characteristic properties of 
- starch, as compared with cellulose, would appear to be occasioned 





by the presence of «-glucosidic links which prevent the formation of 
long straight molecules. Instead of the thread-like macromolecules 
of cellulose, starch contains macromolecules which, owing to their 
particular conformation, possess greater facilities for aggregation 
and interlocking. As a working hypothesis we picture amylopectin 
4s consisting essentially of aggregates of these interlocked macro- 
molecules which in the presence of water undergo hydration with 
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the formation of a micellar structure. The micellar character of 
starch solutions has often been advocated and has been supported 
recently by the work of Karrer (loc. cit.) and of Staudinger and 
Schweitzer (Ber., 1930, 63, 2317) on the viscosity of starch solutions. 

In amylose solutions, on the other hand, there is found a less 
interlocked and more heavily hydrated condition of the macro- 
molecules. On this view there should exist a continuous range of 
products with properties intermediate between those of amylose and 
amylopectin. This is indeed the case. Free amylose cannot be 
kept as such and gradually retrogrades through intermediate stages 
to the amylopectin condition. The experiments now described 
show that a similar range of acetylated and of methylated derivatives 
of starch can be prepared. On the basis of this hypothesis con- 
cerning the nature of starch it is not surprising that under suit- 
able conditions starch reacts entirely as amylose. One instance 
of this has already been mentioned (Haworth, Hirst, and Webb, 
loc. cit.). The capacity to undergo retrogradation appears to be 
connected with the chain-length of the macromolecule. Glycogen, 
for example, which is structurally exactly similar to starch but 
consists of macromolecules of shorter chain-length (Haworth and 
Percival, this vol., p. 2277), does not possess this property. The 
formulation of the methylated amylose and amylopectin is given 
in the expression : 





CH,OMe ({ CH,OMe ). CH,'OMe 
Loe = HLow || HLoF 
K be H , ! K Bi «> K OMe n> M 
ne a kay, Camara baa gas la a a a a 
H OMe H OMe } H OMe 
| lm 
Tetramethyl glucose Trimethyl glucose and MeOH 


The chain-length of the macromolecule in the starch derivatives 
was obtained by determining the amount of tetramethyl glucose 
liberated on hydrolysis of the fully methylated substances, accord- 
ing to the method used by Haworth and Machemer for methylated 
cellulose (this vol., p. 2270). Since the glucose unit which gives the 
tetramethyl glucose must have occurred at the end of a chain, the 
yield of the latter substance enables the chain-length to be caleu- 
lated. Control experiments by Haworth and Machemer have shown 
that, under the conditions adopted, tetramethyl glucose can be 
separated quantitatively from a large excess of 2:3: 6-trimethy! 
glucose. The relationship between starch and maltose and the 
yield of 2:3: 6-trimethyl glucose preclude molecular structures 
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other than continuous chains or large rings and the isolation of 
tetramethyl glucopyranose demonstrates the presence of a terminated 
chain and establishes the nature of one of the terminal groups. 
Some uncertainty still remains concerning the nature of the other 
terminal group. The amylose and amylopectin used in this work, 
their acetates, and the regenerated products obtained by deacetyl- 
ation of the acetates were stable in the presence of alkali, were non- 
reducing towards Fehling’s solution, and gave negligible iodine 
numbers when tested by the method of Bergmann and Machemer 
(Ber., 1930, 63, 316). A terminal reducing group, if present, cannot 
possess the full reactivity shown by this group in cellodextrins of 
comparable molecular weight (Haworth and Machemer, loc. cit.). 
It is not impossible that the reactivity is masked on account of the 
micellar character of the solutions, but the alternative view that the 
terminal group is of a non-reducing character, e.g., a carboxyl group, 
is also under consideration. 

The separation of amylose and amylopectin was effected by Ling 
and Nanji’s method (J., 1923, 123, 2666) in which a starch paste is 
frozen and then extracted with water. Amylose acetate and methyl- 
ated amylose prepared from the extracted soluble material were 
identical with products previously described (Haworth, Hirst, and 
Webb, loc. cit.). Special precautions were taken during the pre- 
paration of the methylated derivative to ensure the absence of break- 
down products and the failure of an attempted fractionation of 
this substance showed that it contained no race’ products 
of low molecular weight. 

From amylopectin was obtained a continuous range of acetates 
and methylated derivatives which varied in solubility and in the 
viscosity of their solutions according to the method of preparation. 
De-acetylation of the more soluble acetates gave products resembling 
amylose which had partly retrograded to the amylopectin condition. 
The methylated derivatives were readily separable into portions 
differing in solubility and viscosity in solution. Hydrolysis of a 
highly viscous fraction and of a mobile fraction (the latter being 
indistinguishable from methylated amylose) gave the same yield of 
tetramethyl glucose (5%) as was obtained from methylated 
amylose. The average chain-length was for each derivative 23— 
24 glucose units, corresponding to a molecular weight of 5000. 
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Further evidence in favour of the view that the methylated 
derivatives hitherto referred to contained no degradation products 
of low molecular weight was obtained from the examination of a 
sample of methylated material which had been allowed to come into 
contact with acid for a short time during one stage of the methylation. 
In this case the methods of fractional extraction and precipitation 
which were applied to the methylated amylose and amylopectin 
easily separated the material into a fraction with small average 
chain-length (8—10 units) and a fraction which closely resembled 
methylated amylose and like the latter gave on hydrolysis 5% of 
tetramethyl glucose (average chain-length 24 units). It follows 
that degraded material, if it had been present in the preparations used 
in this work, would have been detected by the methods adopted. 
It is highly probable that methylation under controlled conditions 
is accompanied by little or no degradation of the starch macro- 
molecule and it would appear that in potato starch both the amylose 
and the amylopectin components consist of macromolecules of 
average chain-length about 24 glucose units. Other starches and 
starch derivatives are being examined in order to discover whether 
this length of chain is a characteristic function of potato starch only 
or whether it is found also in starches of different origin. 


EXPERIMENTAL. 


Separation of Amylose and Amylopectin.—This was effected most con- 
veniently by Ling and Nanji’s method (loc. cit.). A 5%, paste made by heating 
pure potato starch and H,O for 30 mins. at 90—100° was stirred at 0° until it 
solidified, and left over-night at —10° to-—15°. The white fibrous mass was 
extracted several times with H,O at 60°, the extract concentrated at 50° 
under diminished press., and EtOH added. The pptd. amylose, after tritur- 
ation successively with EtOH and Et,0, was obtained as a finely divided, hard 
powder (yield, 17% by wt. of the starch used). The material which remained 
after long-continued extraction of the fibrous mass with warm H,O was con- 
sidered to be amylopectin. 

Properties of Starch, Amylose, and Amylopectin.—The amylose was non- 
reducing towards boiling Fehling’s solution. It was sol. in cold H,O when 
first prepared, but became insol. after being dried at 100°. Amylose gradually 
lost its solubility in cold H,O when kept for some weeks in the air or in a vac. 
desiccator. The solution gave a deep blue colour with I. The freshly pre- 
pared material had [a]? + 190° in H,O (c, 0-32) and + 151° in 5% NaOH aq. 
(c, 0-6). The P content (estimated by Neumann’s method) was 0-20% (cale. 
as P,0,;). The moisture content of an air-dried specimen was 10%. 

Amylopectin was insol. in cold H,O, but gave a paste when heated with 
H,O at 90°. The solid and the concentrated paste gave a purple colour with 
I, but on dilution the paste gave a blue colour indistinguishable from that of 
amylose. The amylopectin was non-reducing and had [a]?” + 151° in 5% 
NaOH aq. (c, 0-9). The air-dried material contained about 10% of moisture. 
The P content was 0-20% (calc. as P,O;). 
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The P content of the starch used was 0-20% (calc. as P,O,;). The starch was 
non-reducing and gave the characteristic blue colour withI. Comparativeexpts. 
on the enzyme hydrolysis of starch, amylopectin, and amylose failed to disclose 
any essential difference between the behaviour of the three substances. 
Under similar conditions the yield of maltose was the same for each. In 
these expts. both freshly prepared barley diastase and freshly prepared oats 
diastase were used. 

Acetylated Amylose.—(a) Freshly prepared amylose was soaked for 30 mins. 
in AcOH containing Cl and the mixture was stirred with Ac,O containing SO, 
for 1 hr. at 15° and for 1 hr. at 55°; a transparent mobile solution was then ob- 
tained (for details, see Haworth, Hirst, and Webb, loc. cit.). The product was 
precipitated with H,O, washed with H,O until free from acid, then with EtOH 
and Et,O and was dried in a vac. desiccator (yield, 98% of the theo.). Amylose 
acetate was a crisp white powder which contained 2% by wt. of H,O when 
air-dried. It charred at 173°. It did not reduce boiling Fehling’s solution, 
gave no colour with I, was sol. in CHCl, and acetone, giving mobile solutions, 
and was insol. in H,O, Et,0, and EtOH. [a]}*° + 170° in CHCI,(c, 0-7) (Found: 
C, 49-9; H, 5-6; CH,°CO, 44-7. Calc. for C,,H,,0,: C, 50-0; H, 5-6; CH,°CO, 
448%). On removal of the acetyl groups by N/2-alc. NaOH a crisp white 
powder was obtained which was non-reducing and differed from the original 
amylose only in having a slightly smaller P content (Found: P,O,;, 0-14— 
0:18%). The greater part of the phosphorus was retained during acetylation 
and subsequent deacetylation. 

(b) Acetylated amylose, identical in all respects with the above product, was 
obtained when amylose was acetylated by Ac,O in the presence of pyridine. 
The amylose (6 parts) was shaken with pyridine (16 parts) for 24 hrs. at 15° 
and a mixture of pyridine (40 parts) and Ac,O (40 parts) was then added with 
stirring. After 4 days at 60°, the amylose dissolved, giving a transparent 
mobile solution which gave a flocculent white ppt. when poured into H,O. 
The amylose acetate was washed and dried in the usual way. 

Acetylated Amylopectin.—Freshly prepared, finely ground and sieved 
amylopectin reacted slowly with Ac,O in the presence of SO, and Cl. Under 
the conditions described above, heating for several hrs. was necessary before 
a clear solution was obtained. With minimum quantities of catalyst, mini- 
mum temp. and time of heating, these solutions were viscous and the 
amylopectin acetate obtained from them had poor solubilities in CHCl, and 
acetone, tended to swell in these solvents before dissolution, and gave viscous 
solutions. It resembled closely the acetate obtained when amylopectin was 
treated with Ac,O in the presence of pyridine (see below). By suitable 
changes in the amount of catalyst and in the time of heating, products with 
properties intermediate between those of amylose acetate and of the insol. 
amylopectin acetate could be obtained. Under appropriate conditions 
material indistinguishable from amylose acetate could be obtained (yield, 
9—100%). All these acetates were non-reducing. The following properties 
are typical and refer to an acetate which gave viscous solutions. [a]j}' + 170° 
in CHCl, (c, 0-74) [Found : C, 49-9; H, 5-6; CH,°CO, 44-7; P (as P,O, calc. 
for the unacetylated product), 0-14%]. The P content varied with the time 
required for acetylation, drastic conditions involving loss of P. 

De-acetylation of acetylated amylopectin gave products whose solubility in 
H,0 varied in accordance with the viscosity in solution of the acetylated 
derivative. Acetates freely sol. in CHCl,, which gave mobile solutions, gave 
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products completely sol. in cold H,O and indistinguishable from amylose. 
Acetates of higher viscosity and smaller solubility gave material partly sol. in 
H,0 and having properties intermediate between those of amylose and amylo- 
pectin, with the exception that the P content was smaller (Found: P,O,, 
0-14%). The de-acetylation process involved no loss of P. The H,0O-sol. 
portions had all the properties of amylose. All these products had no action 
on boiling Fehling’s solution. 

Amylopectin, pyridine, and Ac,O gave, after 4 days’ treatment at 60—70° 
or shorter treatment at 100°, a stiff jelly, which after trituration with H,0 
gave a crisp white solid. This was washed with H,O, then with EtOH and 
Et,0, and dried in vac. at room temp. This acetylated amylopectin was 
insol. in org. solvents. It showed marked swelling, without true dissolution, 
in CHCl, and acetone. It was non-reducing (Found: CH,°CO, 44-3; P,O,, 
calc. for deacetylated product, 0-18%). 

Further treatment for 6 days at 60° with pyridine and Ac,O failed to alter 
the acetate in any way. Owing to unfavourable solubility it could not be 
converted into the sol. variety by the action of AcOH containing Cl and SO,. 

The acetylation of starch by Haworth, Hirst, and Webb’s method gave rise, 
according to the experimental conditions, either to viscous products similar 
to those derived from amylopectin or to the highly sol. non-viscous acetate 
obtainable from amylose. 

Methylated Amylose.—The simultaneous deacetylation and methylation of 
triacetyl amylose was carried out by the method previously given for methyl- 
ated starch (loc. cit.) with the exception that extra H,O was added at the end 
of the reaction and only the solid material insol. in the hot aq. solution was 
collected. No CHCl, extract of the aq. portion was made. In this way break- 
down products of low mol. wt. were automatically eliminated. The product 
after 5 methylations was exhaustively washed with boiling H,O and on pptn. 
from CHCl, solution by light petroleum (b. p. 40—60°) it was obtained as a 
crisp white powder (yield, 80—90%), m. p. 143° after softening, [aJf + 207° 
in CHCl, (c, 0-4), identical with the methylated amylose previously described 
(loc. cit.). Itgaveabluecolour with I. Apparent mol. wt. (by Rast’s method) 
3000—4000 (Found: C, 52-7; H, 8-1; OMe, 44:5; P,O;, 0-15. Cale. for 
C,H,,0,: C, 52-9; H, 7-8; OMe, 456%). Attempts to separate methylated 
amylose into portions differing in physical properties were unsuccessful, 
fractional extraction of the finely powdered substance by boiling Et,O0 giving 
invariably unchanged methylated amylose. No material of higher methoxyl 
content was extracted by the Et,0. 

Hydrolysis of Methylated Amylose.—Finely powdered methylated amylose 
(102 g.) was added slowly to fuming HCl aq. (500 c.c.) cooled in a freezing mix- 
ture, care being taken to avoid the formation of lumps. The solution was 
cooled to —17° and saturated with HCl. After 36 hrs. at 0° the excess of 
HCI was removed by aeration, the solution diluted with an equal vol. of H,0, 
and the acid neutralised with BaCO,. These operations were carried out at 
room temp.’ The filtered neutral solution (A) was extracted with CHCl, and 
the dried CHCI, solution was evaporated to a thin syrup (105 c.c.), to which 
light petroleum (500 c.c., b. p. 40—60°) was added with vigorous stirring. 
The upper layer was then decanted, the syrupy residue was diluted with 
CHCl, until the vol. was 105 c.c., and the treatment with light petroleum was 
repeated. The syrupy residue (B) is referred to below. 

The combined petroleum extracts were evaporated to a syrup, which was 
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boiled for 9 hrs. with MeOH (105 c.c.) containing HCl (1 g.). The acid was 
neutralised with Ag,CO, and the filtered solution was evaporated in a Claisen 
flask with a wide side limb to a syrup (6-7 g.), which was heated at 100°/15 mm. 
for several hrs. to remove all solvent. On distillation under diminished press. 
a first fraction (C) (5 g.), b. p. 94—95°/0-04 mm., nj®° 1-4464, was obtained with 
bath temp. 108—109°. The next portion of the distillate (0-2 g.) had nj 
1-4570 (trimethyl methylglucoside). (C) was distilled slowly from a Widmer 
flask fitted with a fractionating column. The first drop had nj® 1-4445. 
There followed 3-3 g. (D) which distilled with bath temp. 129—130°, b. p. 90°/ 
0-03 mm., nif 1-4445. The next portion (E) (0-30 g.) had nj" 1-4470, and the 
still residue (F) weighed 1-3 g. 

(D) was tetramethyl af-methylglucopyranoside (Found: C, 52-9; H, 9-0; 
OMe, 61-0. Calc. for C,,H,,0,: C, 52-8; H, 8-9; OMe, 62-0%). A portion 
of it (1:3 g.) was hydrolysed with boiling 5% HCl aq. in the usual manner. 
The product was a cryst. solid (1-2 g.), which on recrystn. from light petroleum 
gave almost quantitatively tetramethyl glucopyranose as long needles, m. p. 
and mixed m. p. 88—89°. [a]? + 83° in H,O (ec, 1-02) (equilibrium val.) 
(Found: C, 50-6; H, 8-4; OMe, 52-8. Calc. for C,,H.O,: C, 50-8; H, 8-5; 
OMe, 52-5%). 

The aq. solution (A) after completion of the extraction with CHCl, was 
evaporated to dryness at 40° under diminished press. The solid residue was 
extracted with boiling CHCl,. The CHCl, solution was evaporated to a thin 
syrup, which was treated with light petroleum in the manner already described. 
The petroleum layers from two such treatments contained only 0-5 g. of sugars 
(G). The pptd. syrup crystallised over-night. The mixture of syrup and 
crystals was triturated with a large vol. of Et,O and the material in the ethereal 
washings was combined with (G) and boiled for 7 hrs. with 1% methyl-ale. HCl 
(300 c.c.). The product (H) was transferred to the special Claisen flask and 
subjected to fractional distillation. When 4-7 g. had distilled with bath temp. 
105—106° /0-02 mm. the distillation was stopped and the distillate was added 
to the still residue (F) in the Widmer flask. 

On distillation through the column the following fractions were obtained : 
(a) 1-26 g., bath temp. 134—140°, press. 0-02 mm., n}®° 1-4480 (Found : OMe, 
580%); (b) 0-9 g., bath temp. 148°, press. 0-02 mm., nj)’ 1-4568 (Found : 
OMe, 53%); (c) 1-1 g., bath temp. 153—154°, press. 0-02 mm., nj!" 1-4588 
(time 3 hrs.). (a) and (b) together contained 1-0 g. of tetramethyl methyl- 
glucopyranoside. The total yield of tetramethyl methylglucopyranoside 
contained in fractions (D), (E), (a) and (b) was 4-68 g. It has been shown 
(Haworth and Machemer, loc. cit.) that the experimental loss during the 
hydrolysis and the separation of tetramethyl glucose from trimethyl glucose is 
not greater than 10% of the wt. of tetramethyl glucose. The total estimated 
yield of tetramethyl glucose was therefore 5% by wt. of themethylated amylose. 

The trimethyl glucose portions were collected as trimethyl methylglucoside 
and distilled (yield, 80% of the theo.). A small amount (4 g.) of dimethyl 
methylglucoside was also obtained, corresponding to the deficiency in methoxy] 
content of the original methylated amylose. 

Methylation of Amylopectin.—{a) When the insol. acetylated amylopectin 
obtained by the pyridine method of acetylation was submitted to simultaneous 
de-acetylation and methylation, the product was insol. in H,O and in org. sol- 
vents (Found: OMe, 30—32%). Owing to the lack of solubility in acetone— 
H,0 further methylation proceeded slowly, at a rate similar to that shown by 
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ordinary starch when methylation is conducted without preliminary acetylation. 
The product remained insol. in CHC\,. 

(b) Acetylated ‘‘ amylopectin ” which was just sol. in acetone gave a methyl- 
ated derivative (OMe, 35%) which was slightly sol. in CHCl,. On continued 
methylation the solubility in CHCl, gradually increased. Owing to un- 
favourable solubility methylation proceeded more slowly than with amylose. 
The product after 10 treatments was freely sol. in CHCl, and gave a crisp white 
powder when pptd. by light petroleum from CHCl, (yield, 90—95%). This 
had an indefinite m. p., above 160° with previous softening. [a]? + 207° in 
CHCl, (Found: C, 52-4; H, 7-9; OMe, 44:7; P,O,, 0-14%). It was distin- 
guishable from fully methylated amylose by reason of smaller solubility, 
greater viscosity in solution, higher m. p., and the feeble colour with I. The 
apparent mol. wt. by Rast’s camphor method was about 5000. 

(c) Methylation of readily sol. samples of acetylated amylopectin gave 
methylated derivatives (yield, 85%) with properties intermediate between 
those of the substances described above and those of methylated amylose. 
A typical prep. had m. p. 143° (with previous softening); [a] + 202° in 
CHCl, (c, 0-4). The blue colour with I was less intense than that given by 
methylated amylose (Found: OMe, 43-5%). 

Fractionation of Methylated Amylopectin.—Methylated “ amylopectin” 
(OMe, 43°8%) was prepared by method (b) of the previous paragraph, the pptn. 
from CHCl, solution being omitted. The final powdered material (33 g.) was 
extracted with boiling Et,O (300 c.c.) for 1 hr. The ether contained 0-6 g. 
of a viscous syrup (OMe, 5%), mainly adventitious impurities. The extracted 
amylopectin was dissolved in CHCl, (300 c.c.) and on the addition of Et,0 
(3000 c.c.) with vigorous stirring a syrup was precipitated (18 g.). A further 
ppt. (8-6 g.) was obtained by adding light petroleum. Evaporation of the 
mother-liquors gave a third portion (3-4 g.). The fractions did not differ 
from the methylated amylopectin described above in [a]p) or in composition 
(C, H, and OMe). They differed markedly in solubility and in the viscosity 
of their solutions in CHCl,. For instance, the three fractions gave solutions in 
CHCl, (1 g. in 12 ¢.c.) which required respectively 12-5 secs., 9 secs., and 6-5 
secs. to flow between the marks on a viscometer. The mobile fraction was 
indistinguishable from methylated amylose. Refractionation of the viscous 
portion did not yield material with higher viscosity. By repetition of the above 
treatment with another batch of methylated amylopectin a further quantity 
of the non-viscous portion was collected (total, 10-2 g. from 63 g.) together 
with fractions of intermediate and high viscosity. The separation was not 
sharp and it was obvious that a continuous range of products was present. 

Hydrolysis of Methylated Amylopectin (Viscous Portion).—Methylated 
amylopectin (19-0 g.) was hydrolysed by fuming HCl aq. at 0° under the condi- 
tions given for methylated amylose. After neutralisation of the acid (BaCO,) 
the solution was thoroughly extracted with CHCl, (12 x 60 c.c.). No tetra- 
methyt glucose remained in the aq. portion. This was proved by isolation of 
the free sugars, conversion into the methylglucosides, and fractional distil- 
lation. The CHCl, extract contained 2-27 g. of mixed tetramethyl glucose and 
trimethyl glucose. These were converted into the glucosides in the usual way 
and fractionally distilled from a Widmer flask. This gave (a) 0-56 g., b. p- 
87°/0-13 mm., bath temp. 135°, nj?’ 1-4443 (Found: OMe, 56-4%): on 
hydrolysis this gave tetramethyl glucopyranose, m. p. 85°, [a]}*’ + 84° in 
H,O (equilibrium value) (yield, 70%); (b) 0-64 g., b. p. 100—105°/0-14 mm. 
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(bath temp. 145°), nj’ 1-4540 (Found, OMe, 53%). From refractive index 
and OMe content this fraction contained at most 0-10 g. of tetramethyl 
methylglucoside. The total corrected yield (see above) of tetramethyl 
glucose was therefore 0-5 g. (i.e., 5%). The corresponding average chain- 
length of the molecule is 22—24 units. The yield of 2:3: 6-trimethyl 
methylglucoside was 85%, and a small amount of dimethyl methylglucoside 
(0-4 g.) was detected. 

Hydrolysis of Methylated Amylopectin (Mobile Fraction).—The hydrolysis 
was carried out exactly as above and only the distillation figures need be re- 
corded. From 10-2 g. of material hydrolysed, the amount extracted by 
CHCl, from the aq. solution was 2-59 g. After conversion into the glucosides 
distillation gave (a) 0-61 g., b. p. 87—90°/0-04 mm. (bath temp. 128°), n?* 
1-4444 (Found: OMe, 55-9%). On hydrolysis the yield of tetramethyl 
glucose (m. p. 86°; [aj + 82° in H,O, equilibrium value) was 60%. (b) 
0-78 G., b. p. 100°/0-04 mm. (bath temp. 135—140°); n# 1-4540 (Found : 
OMe, 52-4%). The amount of tetramethyl methylglucoside in (a) was 0-4 g. 
and in (b) at most 0-05.g. From the sugars remaining in the aq. portion 
there was separated after formation of the glucosides a fraction (0-48 g.), b. p. 
94°/0:10 mm., ni®* 1-4554 (Found: OMe, 53%). This contained approxim- 
ately 0-05 g. of tetramethyl methylglucoside. The total yield was 0-50 g. 
of tetramethyl methylglucoside, corresponding to a total corrected yield of 
5-1% of tetramethyl glucose (length of chain 22—24 units). The yield of 
2:3: 6-trimethyl methylglucoside was 90%. 0-4 G. of dimethyl methyl- 
glucoside was shown to be present. 

Examination of a Degraded Methylated Amylopectin.—No difficulty was 
experienced in obtaining colourless methylated products when the experimental 
conditions were carefully controlled, but during the methylation of a sample of 
amylopectin a marked colour developed during the heating at the conclusion 
of the fourth methylation. On this occasion the stirring during the decom- 
position of the residual Me,SO, was inefficient and the mixture had been allowed 
to separate into layers. The methylation was completed with the view of 
testing the possibility of separating degraded material from undegraded 
methylated starch derivatives. The fully methylated product was a hard 
glass, more than 70% of which was sol. in Et,O (Found: OMe, 43%). 
Systematic fractionation gave eventually two end fractions: (a) [a]? + 148° 
in CHCl, (c, 0-7) (Found : C, 51-8; H, 8-1; OMe, 41-3%), and (b) a crisp white 
solid, [a]?" + 190° in CHCl, (c, 0-7) (Found : C, 52-3; H, 7-7; OMe, 43-2%). 
Except for the slight difference in rotation fraction (b) closely resembled 
methylated amylose. On hydrolysis it gave 5% of tetramethyl glucose 
(average chain-length 22—24 units). Fraction (a), on the other hand, gave 
12% of tetramethy] glucose (average chain-length 8—10 units). It is obvious, 
therefore, that the separation of degraded from unchanged material can be 
readily effected. 


The authors are grateful to Professor W. N. Haworth, F.R.S., for his interest 
in this work and thank the Royal Society for a grant. 
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345. Polysaccharides. Part XV. The Molecular 
Structure of Inulin. 


By W. N. Hawortn, E. L. Hirst, and E. G. V. Percrvat. 


In previous papers of this series it has been shown that evidence 
concerning the molecular structure of polysaccharides can be 
obtained by hydrolysing their fully methylated derivatives. The 
polysaccharides hitherto examined by this method have had a 
common feature in that they were derivatives of glucose and yielded 
on hydrolysis the extremely stable substances tetramethyl gluco- 
pyranose and 2:3: 6-trimethyl glucopyranose. It is now shown 
that the same method of enquiry is applicable also to methylated 
inulin, which on hydrolysis gives labile fructofuranose derivatives. 
Inasmuch as methylated inulin gives 3:4: 6-trimethyl fructo- 
furanose accompanied by 1 : 3 : 4 : 6-tetramethyl fructofuranose to 
the extent of 3-7%, it is concluded that methylated inulin is composed 
of continuous chains of methylated fructofuranose residues united 
through positions 1 and 2 of the fructofuranose (compare Haworth 
and Learner, J., 1928, 619). 








7 CH,’OMe ry OMe | wens “OMe 
(L.) -OMe > —L_ome > -ome / 
| C 
MeO-CH,% Oo —cH/ \o— oy, Nome 
Hydrolyses to Hydrolyses to 3: 4: 6-Trimethyl- 
1:3:4:6-Tetramethyl fructofuranose and MeOH. 
fructofuranose. 


The isolation of tetramethyl fructofuranose demonstrates clearly 
that the macromolecules are not in the form of large rings and estab- 
lishes the nature of one of the terminal groups of the chain. Under 
the experimental conditions adopted, it seems extremely unlikely 
that appreciable degradation of the inulin molecule had taken place 
during the transformation to the methylated derivative. The 
inulin macromolecule may be pictured, therefore, as consisting of a 
chain of fructofuranose units united as shown in (II) and having 4 
minimum average length of 30 fructofuranose residues. From the 
evidence given, the nature of one of the terminal groups may be 
deduced and whilst the character of the other is not immediately 
derivable from the present experiments the instability of inulin 
in the presence of alkali and the fact that it is not possible to prepare 
a sample of inulin free from action on Fehling’s solution (Drew and 
Haworth, J., 1928, 2670) are strong indications that the other ter- 
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THE MOLECULAR STRUCTURE OF INULIN. 


minal residue possesses a free reducing group (II). On this view 
the molecular weight of free inulin is about 5000, in striking general 
agreement with the value suggested by Drew and Haworth (loc. 
cit.) as a result of molecular-weight determinations made ebullio- 
scopically on freshly prepared aqueous solutions of inulin. 
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In the preparation of methylated inulin advantage was taken of 
improved methods for acetylation and methylation (Haworth and 
Streight, Helv. Chim. Acta, 1932, 15, 609). Precautions were taken 
to carry out all reactions under the mildest possible conditions and 
in addition exhaustive tests were applied both to the acetate and 
to the methylated derivative as a check upon their essential homo- 
geneity. In no case was it found possible to separate the acetate 
or the methylated derivative into fractions with different properties. 
This is of particular significance in the inulin series, where degrad- 
ation is known to be accompanied by marked changes in physical 
properties, notably in rotation, and the results are to be interpreted 
as strong evidence that the methylated derivative used had not 
suffered appreciable degradation during its preparation from inulin. 

Hydrolysis of methylated inulin was carried out by means of 
aqueous methy] alcohol containing oxalic acid, these reagents being 
chosen after numerous preliminary experiments on the ground that 
under these conditions a minimum loss of material is occasioned by 
the formation of methoxymethylfurfural. The hydrolysis products 
were transformed completely into the methylfructofuranosides and 
distilled, Separation of the tetramethyl methylfructofuranoside 
from 3 : 4: 6-trimethyl methylfructofuranoside was easily effected 
and the yield of the tetramethyl fructofuranose (the identity of 
which ‘was controlled by its conversion into crystalline 2: 3 : 4 : 6- 
tetramethyl fructofuronamide) was found to be 3-7% of the weight 
of inulin used. Control experiments with artificial mixtures showed 
that over 90% of the tetramethyl derivative could be removed from 
4H2 
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mixtures containing a large excess of the trimethyl sugar. The 
whole of the hydrolysis products were examined and, in addition 
to 3:4: 6-trimethyl fructofuranose, a small quantity (3%) of a 
hexamethyl difructose anhydride was obtained. The latter material 
had properties similar to those of the hexamethyl difructose. an- 
hydride described by Haworth and Streight (loc. cit.) and its struc- 
ture was established as the result of its hydrolysis to 3:4: 6- 
trimethyl fructofuranose. The difructosan is a product of de- 
polymerisation and has been formed by recombination of fructo- 
furanose units. Moreover the isolation of this product reveals no 
inconsistency with the above structure for inulin (see Bodycote, 
Haworth, and Woolvin, following paper). 

A comparison of the present results with those briefly announced 
in a letter by Irvine (Nature, 1932, 129, 470) on the hydrolysis of 
methylated inulin reveals that his yields of tetramethyl fructo- 
furanose (1-7—2-7°%) were invariably low and the references in his 
letter to methoxyfurfural demonstrate that the method of hydrolysis 
adopted in his experiments must have been inferior. We encoun- 
tered none of the complications suggested in that letter. 


EXPERIMENTAL. 

Inulin Acetate.—Inulin (100 g.) was stirred with pyridine (1000 c.c.) at 
80° for 45 mins. The mixture was cooled, stirring being continued, and to 
the clear solution Ac,O (180 c.c.) was added drop by drop. After 6 hrs. 
(stirring) the remainder of the Ac,O (370 c.c.) was added slowly. After a 
further 12 hrs. the clear solution was poured into H,O (10 1.) and the inulin 
acetate (160 g.) was isolated in the usual way. It was purified by solution in 
hot MeOH, which on cooling deposited inulin acetate as a fine white powder, 
{a}? — 33° in CHCl, (c, 1-4). (Found; C, 49-9; H, 5-95. Cale. for C,,H,,0,: 
C, 50-0; H, 56%). 

Methylated Inulin.—The simultaneous de-acetylation and methylation of 
inulin acetate was carried out as previously described. At the end of the 
methylation a large amount of boiling H,O was added to the mixture. The 
methylated inulin (yield, 95%) which separated at this stage was thoroughly 
washed with boiling H,O, dried, and dissolved in boiling EtOH. The material 
which separated on cooling was dissolved in a mixture of equal vols. of acetone 
and CHCl,. On the addition of light petroleum (b. p. 40—60°) methylated 
inulin was obtained, [a] — 54° in CHCl, (c, 1-0) (Found: C, 53-0; H, 8-2; 
OMe, 45-5. Calc. for C,H,,0,: C, 52-9; H, 7-8; OMe, 45-6%). 

Fractionation of Methylated Inulin.—Methylated inulin (20 g.) was dissolved 
in acetone, and to the cold solution H,O was added with stirring. Fractions 
were removed after addition of 25 c.c. H,O (7-0 g.); 50 c.c. H,O (5:1 g.); 
90 c.c. H,O (4:1 g.); 140 ¢.c. H,O (2-3 g.); 200 c.c. H,O (1-2 g.). By this 
time less than 0-3 g. remained in solution. All fractions had the same solu- 
bilities, showed m. p. 149°, [a]??” — 54° in CHCI,, and gave on analysis OMe, 
45%. 

Methylated inulin (25 g.), dissolved in a mixture of acetone (35 c.c.) and 
CHCl, (35 c.c.), was fractionally pptd. by addition of light petroleum (b. p- 
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40—60°) with stirring. Six fractions (in all 24-1 g.) were examined. All had 
the same solubilities, m. p. 140°, and gave OMe, 44:9—45-1%. No evidence 
could be obtained of separation into fractions differing in any property and 
the methylated inulin appeared to be homogeneous. 

Hydrolysis of Methylated Inulin.—Methylated inulin (40 g.) was heated at 
80° with MeOH (1200 c.c.) and H,O (400 c.c.) containing H,C,0, (16 g., eryst.) 
until the rotation was const. (18 hrs.). After neutralisation of the acid 
(CaCO,) the filtered solution was evaporated to a syrup under diminished 
press. The syrup was dried by addition of EtOH and C,H,, followed by 
removal of the solvents. It was then extracted with boiling CHCl, in the 
presence of MgSQ,, giving a mobile syrup (41 g.). A solution of this syrup 
(16 g.) in 0-25% methyl-ale. HCl was kept for 60 hrs. at 15°. After neutralis- 
ation (BaCO,) the solution was concentrated in the presence of BaCO, at 
30—35° under diminished press. The product was extracted with Et,0 and 
on evaporation of the latter in the presence of BaCO, a non-reducing syrup 
(16 g.) was obtained which had no immediate action on dil. KMnQ, aq. 
From 80 g. of methylated inulin the yield of methylated methylfructofur- 
anosides was 80-4 g. On distillation from a bath heated at 125—130°/0-05 
mm., the following fractions were obtained : A (31 g.), nj? 1-4553; B (29-2 g.), 
nif’ 14555; C (6-8 g.), nif’ 1-4560; D (12-1 g., still residue). 

Fractional distillation of (A). 


Fraction. Bath temp. B. p. Press.,mm. “Yield, g. nie’, 
E 130—135° 110° 0-05 8-9 1-4545 
F 130—135 110 0-05 14-0 1-4545 
G 130—135 110 0-05 7-0 1-4550 
Residue 0-5 


Fraction E (8-7 g.) was transferred to the Widmer flask and distilled. 
Fraction. Bath temp. B.p.  Press.,mm. Yield, g. nso’, OMe, %. 


H 135—140° up to 84° 0-03 1-45 1-4505 58-7 

I 140—146 », 93°5 0-04 2-50 ' 1-4486 55-5 

J 146—150 s 88 0-04 2-45 1-4548 51-2 
[5-0 G. from fraction F were now added.] 

K 140—150 », 105 0-07 3-30 1-4540 §2-1 

L 140—150 », 105 0-07 1-40 1-4550 51-3 


Fraction (H) contained a little w-methoxy-5-methylfurfural, but all the 
other fractions were stable to KMnO,. Fraction (H) was treated with excess 
of very dil. KMnO, aq., extracted with CHCI,, and redistilled, giving 1-2 g., 
nil” 1-4468 (bath temp. 108°, press. 0-03 mm.). The amount of w-methoxy-5- 
methylfurfural in fraction (H) could not have been more than 0-1 g. 

Fractions (I), (J), and (K) were redistilled, giving a fraction (M), b. p. 84— 
87°/0-05 mm., ny 1-4465. 

Fraction (M) and the redistilled fraction (H) were pure tetramethyl methyl- 
fructofuranoside (2:8 g.) (Found: C, 52:5; H, 8-8; OMe, 58-8. Cale. : 
C, 52-8; H, 8-9; OMe, 62:0%). This total quantity of tetramethyl methy!l- 
fructoside is subject to a total correction of 10% for losses (a) in fractional 
distillation (see later) and (6) in hydrolysis and fructoside formation, so that 
the quantity of the tetramethyl methylfructoside was estimated as 3-1 g., 
which, as the free sugar, corresponds to 3-7% of the methylated inulin used. 

The tetramethyl methylfructoside ([{a]}’,, + 59°) gave quantitatively on 
hydrolysis with 0-1N-HCl at 70° tetramethyl fructose, b. p. 105°/0-03 mm.., 
fa}, + 33° in H,O (c, 1-0), which was characterised by its conversion into 
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eryst. 2: 3: 4: 6-tetramethy] fructofuronamide (yield, 60%), m. p. 100° alone 
or when mixed with an authentic sample, [a]}7,, — 75° in H,O (c,0-7). (Found: 
N, 5-6; OMe, 47:0. Cale. for C,,H,,0,N: N, 56; OMe, 498%). The 
transformation was carried out by the method of Avery, Haworth, and Hirst 
(J., 1927, 2313). 

Examinations of the fractions of higher boiling point. All the remaining 
material, including (B) and (C), was distilled through the Widmer column, 
and yielded essentially trimethyl methylfructofuranoside : bath temp. 140— 
145°, b. p. 90—94°/0-025 mm., nj’ 1-4555. (Found: C, 50-7; H, 8-9; OMe, 
51-3. Cale.: C, 50-8; H, 8-5; OMe, 52-5%). 

All these subsequent distillates were stable to KMnO, and contained no 
tetramethyl methylfructofuranoside. 

Baamination of the still residue (D). This residue (12 g.) was distilled under 
0-03 mm. press. The distillation was slow and a fraction (2°5 g.; ni*° 1-4643) 
was collected at 170—190°. This reduced Fehling’s solution. The distillate 
(2-4 g.) was transformed into the glycoside by treatment with 0-25% methyl- 
ale. HCl. The glycoside distilled completely at 115°/0-03 mm., giving a 
mobile syrup (2-2 g.), njf* 1-4555. 

The undistilled portion of the still residue was heated with MeOH (240 c.c.), 
H,0 (80 c.c.), and H,C,O, (3-2 g.) for 18 hrs. The acid was neutralised by 
pptd. CaCO,, and the solution evaporated to dryness. The product, which 
was extracted in the usual way, was transformed into the fructofuranoside, 
which was dissolved in H,O and treated with very dil. KMnO, aq. The 
methylfructosides were then extracted with CHCI,, the solvent removed, and 
the mobile syrup mixed with the 2-2 g. derived from the previous series of 
operations (see above). This syrup (10 g.) gave the following on distillation : 


Fraction. Bath temp. Press.,mm. Yield, g. nis", 
l 120—140° 0-03 5-5 1-4558 
2 140—160 0-03 0-5 1-4570 
3 160—190 0-03 0-3 1-4581 
4 190—-210 0-03 2-3 1-4704 


Fraction (4) had [a]}§,, + 42° in CHCl, (c, 1-1), + 56° in H,O (c, 1-99). It 
was a hexamethyl difructose anhydride (Found: C, 52-75; H, 7-95; OMe, 
43-4. Calc, for C,,H;,0,,: C, 52-9; H, 7:8; OMe, 45-6%). On hydrolysis 
with 3% HCl aq. at 95° for 3 hrs. it gave in good yield 3 : 4: 6-trimethyl 
fructofuranose, b. p. 125°/0-05 mm., nj 1-4682, which was recognised as its 
phenylosazone, m. p. 82—83° (hydrated form), m. p. 133—134° (anhydrous 
form) (Found: N, 13-6. Cale.: 13-4%). 

Separation of Artificial Mixtures of Tetramethyl and Trimethyl Methylfructo- 
furanosides.—18-0 G. of authentic trimethyl methylfructofuranoside were 
mixed with 0-9 g. of tetramethyl methylfructofuranoside, and distilled : 


Fraction. Bath temp. B.p.  Press.mm. Yield, g. nis", OMe, %- 
1A 135—140° 84—87° 0-04 0-58 eet 58-9 
2A 135—140 84—87 0-04 0-26 1-4465 
3A 140—145 90—93 0-04 0-10 1-4495 54-2 
4A 145—150 95—100 0-04 2:1 1-4550 51-6 


The total recovery from 0-9 g. was at least 0-84 g. or approximately 95%. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, August 3rd, 1932.) 
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346. Polysaccharides. Part XVI. The Molecular 
Structure of Inulin and of the Derived Difructo- 
furanose Anhydride. 


By E. W. Bopycore, W. N. Hawortu, and C. 8. Wootvr. 


THREE years ago, Irvine and Stevenson (J. Amer. Chem. Soc., 1929, 
51, 2197) published an account of a substance which they had 
isolated by the action, on inulin acetate, of nitric acid dissolved in 
chloroform. ‘The product was described as a crystalline substance, 
m. p. 123°, containing half a molecule of combined acetic acid, and 
having the molecular formula C,,H,,0,. In glacial acetic acid the 
freezing point depressions were reported as irregular, but the mole- 
cular weight was said to average 299 in agreement with the above 
formula, which requires 318. We have prepared this substance in 
the way described by these authors, and find that it is an impure pro- 
duct which, when purified or alternatively when prepared under better 
experimental conditions and correctly analysed, has the molecular 
formula C,,Hj.0,, and M.W. 576 (as determined by two methods). 
Although the earlier authors comment : “ It will at once be evident 
that a serious complication is introduced into the constitutional 
study of inulin, as the lack of homogeneity now revealed may be 
due to several causes,” which they proceed to enumerate, yet it 
appears to us that no irregularity in the behaviour of inulin is 
revealed by the formation of this substance. It is a product of the 
depolymerisation of inulin and its formation was visualised by one 
of us in a report to the International Congress of Chemistry at Liége 
(Report to Liége Congress, 1930, p. 55). In advancing a molecular 
structure to represent inulin (see later) one of us then remarked: 
“The tendency of such a complex to suffer depolymerisation to 
looped chains of smaller dimensions would be very marked, since 
rupture may occur at several of the —O- linkings, followed by 
reunion to smaller loops or finally to the difructose-anhydride : 


HO-CH, Dn Hi 
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This structural conception explains completely the ease with 
which inulin is known to suffer degradation with mild reagents to 
give less complex molecules.”’ 

The crystalline substance now under review is indeed a compound 
of the above constitution having six acetyl groups substituting six 
hydroxyl positions. The de-acetylated product is identical with 
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that of Jackson and Goergen and its constitution was determined 
by Haworth and Streight (Helv. Chim. Acta, 1932, 15, 693; compare 
also Schlubach and Elsner, Ber., 1932, 65, 519). It was there shown 
that this substance when methylated gives rise, by hydrolytic 
cleavage, to the same trimethyl fructofuranose as that which is 
derived by hydrolysis of methylated inulin itself. Its ready form- 
ation, either by the method of the direct hydrolysis of inulin followed 
by Jackson and Goergen, or by the action (already described) of 
acid reagents on inulin acetate, is understood from an inspection 
of the formula of the polysaccharide itself (II in the preceding paper). 
The formation of difructofuranose anhydride occurs by the 
rupture of the primary valency bonds of fructofuranose units and 
their reunion to the more stable difructofuranose anhydride, which 
may indeed be looked upon as a substituted dioxan. That the 
hexa-acetyl difructofuranose anhydride does not occur as such in 
inulin acetate is shown by the fact that the former dissolves in 
hot water, whilst inulin acetate is insoluble. 


EXPERIMENTAL. 


Preparation of Hexa-acetyl Difructofuranose 1 : 2-Anhydride.—The following 
reagents were mixed in a 2 1. flask with good stirring and maintained at 4°: 
inulin acetate (40 g., prepared as described by Haworth and Streight; Helv. 
Chim. Acta, 1932, 15, 609); dry CHCl, (560 c.c.); fuming HNO, (240 c.c., 
freshly distilled). Over a period of 2 hrs., P,O; (120 g.) was added and there- 
after the CHCl, suspension was poured on ice, and the whole repeatedly 
extracted with CHCl,. (Much of the product tends to remain in the aq. 
phosphoric acid unless this is sufficiently diluted.) The dried extracts yielded 
on evaporation a syrup, which crystallised in EtOH, yield 10-4 g. (25-8% of 
theo.). Recryst. alternately from H,O and EtOH and finally from EtOH, it 
had m. p. 128°. After melting, the cooled substance congeals to a partly 
amorphous solid and thereafter melts at 137°, but on recrystn. from EtOH 
it again has m. p. 128°, [a]}* + 0-65° (c, 1-5 in CHCI,). Both products give 
the same analytical data [Found: C, 50-0; H, 5-7; CH,°CO,H, 45-0; 
M, 565 (Rast method), 570 (cryoscopic in CgH,). C4H3.0,, requires C, 50-0; 
H, 5-6; CH,°CO,H, 448%; M, 576]. 

The product, m. p. 123°, [a]p + 1-5°, described by Irvine and Stevenson 
(loc. cit.) as C,;H,,0, was prepared. Crystallographic X-ray examination of 
the product, m. p. 123°, showed the presence of two substances, one of which 
was identical with the above substance, m. p. 128°. Various recryst. specimens 
showed a variation in C content of nearly 1% owing to the presence of impurity. 
When 10 g. were quickly distilled (8 mins.) from a metal-bath at 280—295°, 
the eryst. product had [a], + 0-6°, m. p. 128°, and in all other respects, 
including analytical figures, was identical with the above hexa-acety! fructo- 
furanose anhydride, C,,H,,0,, (yield, 9-1 g.). It gave on de-acetylation the 
same difructose anhydride as that described below. 

Difructofuranose 1 : 2-anhydride was obtained by de-acetylation of the above 
hexa-acetate with a slight excess of dimethylamine, or alternatively by 
Ba(OH),, and gave a crude cryst. product, m, p. 158—160°; purified by re- 
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erystn. from EtOH, m. p. 163—164°, [a], + 27° (im H,O); yield, 85% 
[Found: C, 44-3; H, 6-25; M, 319 (ebullioscopic in H,O). Calce.: C, 44-4; 
H, 6-2%; M, 324]. 

This difructofuranose anhydride was re-acetylated to yield the above hexa- 
acetate, m. p. 128°. 


UNIVERSITY OF BIRMINGHAM, [Received, August 3rd, 1932.] 
EDGBASTON. 





347. Orientation Effects in the Diphenyl Series. Part 
XII. The Mono- and the Di-nitration of 4: 4’-Di- 
methyldiphenyl. 


By (Miss) E. E. J. MaRver and E. E. TuRNER. 


THE conclusion drawn from a preliminary investigation (J., 1926, 
476), that 4:4’-dimethyldiphenyl undergoes mononitration in 
position 2, further nitration producing the 2 : 3’-dinitro-compound, 
would if confirmed be of such importance from the point of view of 
the general problem of aromatic substitution that we have studied 
the nitration of ditolyl afresh. Harding’s failure (J. Soc. Chem. 
Ind.,. 1925, 44, 1387) to prepare a “ di-saccharin” from ditolyl 
would be explained if 2 : 3’-disulphonation had occurred. 

Under conditions in which diphenyl is only mononitrated, 
4: 4’.dimethyldiphenyl undergoes dinitration: from the product, 
only a single substance has been isolated, which is not the 2 : 2’- or 
the 3 : 3’-dinitro-4 : 4’-dimethyldiphenyl, and must therefore be 
the 2: 3’-dinitro-compound, for otherwise it must contain two 
nitro-groups in one nucleus, which is inconceivable in view of the 
speed with which it is formed. 

The product of mononitration of 4: 4’-dimethyldiphenyl is 
practically a single substance, the only detectable impurity being the 
2: 3’-dinitro-compound. It is identical with 2-nitro-4 : 4’-dimethy]l- 
diphenyl synthesised from p-iodotoluene, 4-bromo-3-nitrotoluene, 
and copper-bronze, and is different from 3-nitro-4 : 4'-dimethyl- 
diphenyl, prepared similarly from p-iodotoluene and 4-iodo-2- 
nitrotoluene. Both specimens of 2-nitroditolyl give 2 : 3’-dinitro- 
ditolyl when nitrated, and yield on reduction an aminoditolyl 
different from the “ synthetic ” 3-amino-compound. 

Shaw and Turner (this vol., p. 1884), in discussing the results of 
mononitrating p-chloro- and p-bromo-toluene, concluded that 
activation not acquired by the p-positions became available at the 
m-positions. Application of this principle to ditolyl, 
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suggests that, mononitration being assumed to occur first in nucleus 
B, the 2-position would be markedly activated, even if nucleus A 
played no part. Actually, A, as our previous studies in this series 
have shown, has an activating effect on B; this activation is greatly 
enhanced owing to the presence of the methyl group in the 4’. 
position, and takes effect mainly in position 2. Therefore, a molecule 
of nitric acid which approaches near enough to B to react with it will 
react in the 2- rather than in the 3-position. 

The dinitration stage is more difficult to explain, for although 
the 3’-nitration of 2-nitroditolyl may be regarded as normal, the 
same can hardly be said of the nitration of 3-nitroditolyl, which, as 
we now find, proceeds in position 2’ : 


(I.) Me A >—< B YMe —-—> 


NO, 
(II.) Me A >< 2 Me <— Me A >—< B Me (IIL) 
NO, NO, NO, 


It is possible to explain the 3’-nitration of 2-nitroditolyl (I——>» Il), 
assuming that the nitro-group in B more than counteracts the 
activating effect of the methyl group (in B), so that nucleus B as 
a whole exerts a slightly deactivating effect on A. It would then 
appear to follow that when the nitro-group is o to the methyl group 
it cannot counteract the effect of that methyl group, since 3-nitro- 
ditolyl (IIT) is nitrated, as far as B is concerned, as if no nitro-group 
were present in A. That certain combinations (in the orientation 
sense) of nitro- and methyl groups have peculiar effects is known, 
though from a different aspect ; e.g., Lindemann and Pabst (Annalen, 
1928, 462, 24) found that the relative positions of methyl and nitro- 
groups greatly affected the activation of halogen atoms by the latter. 
It is of course clear that the actual mechanisms are different in the 
two cases. 
EXPERIMENTAL. 

4; 4’-Dimethyldipheny] is most readily prepared by Krizewsky and Turner's 
method (J., 1919, 115, 560). The Ullmann method of heating p-iodotoluene 
with copper-bronze is satisfactory if the latter is of good quality. A great 
deal of the copper—bronze we have purchased was entirely without action. 

Mononitration of Ditolyl.—Ditolyl (33 g.) was kept in AcOH (600 e.c.) and 
HNO, (600 c.c.; d 1-42) at 50—55° until it dissolved. The cooled solution was 
poured into H,O, and the ppt. (a solidifiying oil) was melted several times 
under hot H,O to remove traces of yellow phenolic compounds and then air- 
dried (40 g.). Of this, 37-9 g., distilled slowly in a Bennett vacuum fraction- 
ating apparatus, gave at 190—200°, 2-2 g.,m. p. 66—67°; at 200—203°, 
6-9 g., m. p. 67—68°; at 203—205°, 13-1 g., m. p. 67—68°; at 205—210°, 93g. 
m, p, 66—67:5°; at 210°, 3-2 g., m. p. 64—66°: residue 2-8 g., loss 0-4 g, 
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Fractional crystn. of each fraction from MeOH showed that only one 
substance was present, except in the 5th fraction, which contained a very small 
quantity of an impurity. All the fractions melted at the same temp. whether 
mixed or not with synthetic 2-nitroditolyl (below), and the m. p.’s were all 
depressed when 3-nitroditolyl was added. From the residue in the distillation 
flask was obtained a small amount of a substance, m. p. about 110°, raised by 
addition of 2 : 3’-dinitroditolyl. 

Synthesis of 2-Nitroditolyl.—p-Iodotoluene (25 g.) and 4-bromo-3-nitrotoluene 
(23 g.) were heated to 220°, and copper—bronze (40 g.) gradually added. The 
reaction occurred mainly at 225—230° and was completed at 260°. 
The whole was extracted with hot o-C,H,Cl,, the extract steam-distilled, and 
the residue extracted with boiling light petroleum (b. p. 40—60°). The 
undissolved material was 2 : 2’-dinitroditolyl. The petroleum extract was 
distilled at ordinary press. and then in vac., ditolyl distilling first. The nitro- 
compound had b. p. 220——225°/29 mm., and crystallised from MeOH in bright 
yellow plates (3 g.), m. p. 69—70° (Found: N, 6-2. C,,H,;0,N requires N, 
6-2%). 

2-Amino-4 : 4’-dimethyldiphenyl_—_The nitro-compound was reduced with 
SnCl, in boiling AcOH and HCl aq. The base was isolated as the hydro- 
chloride (7 g., m. p. 185—195°), which permitted of its separation from 1 g. 
of what was evidently 2: 7-dimethylearbazole. The free 2-aminoditolyl 
separated from aq. EtOH in prisms, m. p. 62—63° (Found: N, 6-9. C,,H,;N 
requires N, 7-1%). The acetyl derivative formed needles, m. p. 118—119° 
(Found: N, 6-0. C,,H,,ON requires N, 5-9%). The benzoyl derivative 
formed needles, m. p. 95—96°. 

Synthesis of 3-Nitro-4: 4’-dimethyldiphenyl.—A mixture of p-iodotoluene 
(37 g.), 4-iodo-2-nitrotoluene (44 g.), and copper—bronze (35 g.) was heated at 
230—250°, the product extracted with hot o-C,H,Cl,, the solvent removed in 
steam, and the residue extracted with boiling EtOH. The cooled extract was 
filtered from 10 g. of 3 : 3’-dinitroditolyl and, after being evaporated, distilled 
in vac. Ditolyl distilled first, and the main bulk (6 g.) at 220—230°/20 mm. 
The latter crystallised from MeOH in scaly plates, m. p. 80—81° (Found: N, 
62%). A mixture of this 3-nitroditolyl with the purified mononitration 
product (above) had m. p. 50—65°. 

3-Amino-4 : 4’-dimethyldiphenyl was obtained by SnCl,-AcOH-—HCI reduc- 
tion of the nitro-compound. No product corresponding to the carbazole was 
formed. The hydrochloride formed needles, m. p. about 230° (decomp.). 
The base separated from aq. EtOH in needles, m. p. 104—105° (Found: N, 
70%); acetyl derivative, needles, m. p. 156—157° (Found: N, 61%); 
benzoyl derivative, m. p. 160—161°. A mixture of the base with the reduction 
product of the mononitration product melted at 57—70°, a mixture of the two 
acetyl derivatives at 95—110°, and one of the benzoyl derivatives at 75—94°. 

Dinitration of 4 : 4’-Dimethyldiphenyl.—A solution of ditolyl (10 g.) in ACOH 
(200 c.c.) at 50—60° was treated with nitric acid (200 c.c.; d 1-47), the temp. 
raised to 95° for 5 mins., and the solution poured into H,O. The ppt. had 
m. p. 99—106°, 104—108° after one erystn. from EtOH, 115—116° after a 
second, and 119—120° after one crystn. from BuOH. Almost colourless, 
hairy needles (Found : N, 10-4. Calc.: N, 10-3%). The m. p. was depressed 
when either 2 : 2’- or 3 : 3’-dinitroditolyl was added. 

Mononitration of the Mononitration Product, of Synthetic 2-Nitro-, and of 
3-Nitro-ditolyl,—These nitrations were effected under the conditions of the 
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last expt. ‘The products in the first two cases were almost exactly similar to 
that obtained from ditolyl itself. That from the 3-nitro-compound required 
less purification before it showed the m. p. of the pure 2 : 3’-dinitro-compound. 
Identity of all four specimens of this compound was established by mixed m. p. 
determinations. 


We desire to thank the Royal Society and the Chemical Society for grants, 
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348. The Stereochemistry of 2:2’-Disubstituted Di- 
phenyls. Part II. The Optical Resolution of 
Diphenyl-2 : 2’-disulphonic Acid. 

By (Miss) M. S. Lesstre and E. E. Turner. 


In Part I (this vol., p. 2021) the optical activity of phenyl benzidine- 
2: 2’-disulphonate was attributed to dissymmetry set up by the 
dynamic effect of the three oxygen atoms present in each of the 
SO,Ph groups. It was desirable, however, to show that the phenyl 
radicals in these groups were at the most of subsidiary consequence, 
and we have therefore carried out experiments on the resolution of 
diphenyl]-2 : 2’-disulphonic acid, which Stanley and Adams (J. 
Amer. Chem. Soc., 1930, 52, 4471) failed to obtain in optically active 
forms. 

Since Part I was communicated, Pauling (Proc. Nat. Acad. Sci., 
1932, 18, 293) has discussed the atomic radii of the elements with 
which we are concerned in these compounds. His values, 1-04 A. 
and 0-29 A., respectively, for the atomic radii of sulphur and hydro- 
gen do not differ greatly from those used in Part I, and, if anything, 
give greater security to the views there expressed. 

Preliminary experiments showed that the brucine hydrogen salt 
of diphenyldisulphonic acid was optically heterogeneous, and a 
l-rotatory solution of the ammonium salt of the acid was obtained 
by decomposing one of the fractions. The brucine salt did not, 
however, lend itself to fractional crystallisation. Similar results 
were obtained with the distrychnine salt, by the decomposition of one 
fraction of which a d-rotatory ammonium salt resulted. The strych- 
nine hydrogen salt proved moderately easy to deal with, and three 
pure components were isolated. When a solution of sodium 
diphenyl-2 : 2’-disulphonate was treated with a quarter molecule of 
strychnine hydrochloride, a sparingly soluble product separated. 
Systematic recrystallisation of this gave the very sparingly soluble 
strychnine hydrogen d-diphenyl-2 : 2'-disulphonate with [x], — 8°5° 
(in chloroform), and the less sparingly soluble strychnine hydrogen 
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dl-diphenyl-2 : 2'-disulphonate with {a}, — 11-0°. Addition of 
another quarter molecule of strychnine hydrochloride to the first 
mother-liquor, followed by concentration, gave crops strikingly 
different from the previous ones, both in appearance and in solu- 
bility, and these on recrystallisation gave the readily soluble strych- 
nine hydrogen \-diphenyl-2 : 2’-disulphonate with [«]?%,, — 13-8°. 

As can be seen from the specific rotations of the above three 
salts, the rotation of the disulphonic acid must be very small. 
Conversion of the above salts into aqueous solutions of the corre- 
sponding ammonium salts showed that the acid components were 
respectively d-rotatory, inactive, and l-rotatory. These facts 
sufficiently establish the point we set out to prove, viz., that diphenyl- 
2 : 2’-disulphonic acid is capable of exhibiting optical activity. The 
activity persisted in the cold, but was rapidly destroyed at 100°. 


EXPERIMENTAL. 


Preliminary Experiments.—(a) With brucine. A solution of sodium diphenyl- 
2 : 2’-disulphonate (Barber and Smiles, J., 1928, 1141) (7-2 g.) in H,O (300 c.c.) 
was treated with brucine (3-9 g.) in the equiv. N-HCl. A salt, m. p. 209°, 
separated, which on decomposition gave an inactive acid. To the mother- 
liquor were added 3-9 g. of brucine in the equiv. HCl: 2 g. of salt, m. p. 197°, 
separated, which gave a solution of the ammonium salt having as75, — 0-09°. 
Decomposition of a subsequent crop gave a solution (NH, salt) with a579, 
— O11. 

(b) With strychnine. The distrychnine salt, prepared by dissolving the 
alkaloid in the free acid in boiling aq. solution, was well defined. Resolution 
was incomplete, but decomposition of 2 g. of a less sol. fraction having [a]?,, 
— 20-3° gave an ammonium salt solution with a;7,, + 0-09°. 

Resolution with Strychnine.—Strychnine hydrochloride dihydrate (16-4 g.) 
and sodium diphenyldisulphonate (29 g.) were dissolved together in boiling 
H,O (4 1.). On standing, sparingly sol. glistening lamine (A) (15-9 g.) 
separated, with [a], — 11-5° (in CHCI,). After being recryst. from H,O, 
the product had [a], — 9-2°; a second recrystn. gave 4-5 g. with m. p. 275— 
276° (decomp. ; softening at 135°) (corr.) and [a], — 8°5° (l = 2; c = 1-5110; 
am, = — 0-26°) in CHCl,. A third recrystn. had no effect on the specific 
rotation. This salt is also sparingly sol. in CHCI,, and is strychnine hydrogen 
d-diphenyl-2 : 2’-disulphonate (Found : C, 50-3; H, 5-2. C,3;H;,0,N,8,,7°5H,O 
requires C, 50-5; H, 60%). The salts were air-dried to const. wt.: 
after remaining for a day over conc. H,SO,, they had the same specific 
rotations, showing that the H,O of crystn. was firmly held. The mother- 
liquors from the last two crystns. were concentrated ; three successive crops 
had [a}%, — 10-4°, — 12-6°, and — 12-4°. The mother-liquor from which 
A separated was boiled and treated with strychnine (16-4 g.). On standing, 
2-1 g. of needles separated, with [a], — 14-1°. Concentration of the mother- 
liquor produced no erystals until the vol. was 600 c.c.; slender needles then 
separated, with [a], — 15-3°, and at a somewhat smaller bulk more needles 
having [a], — 15-0°. Finally some strychnine hydrochloride separated. 

All salts having (a]?;, of about — 14° to — 15° were combined and crystal- 
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lised from H,O until the specific rotation no longer changed; strychnine 
hydrogen |-diphenyl-2 : 2’-dieulphonate was then obtained as readily sol. and 
highly characteristic slender needles, melting first at 143—-145° and again at 
209—210° (corr.), and having [aJ?,, — 13-87 (I= 2; c= 15945; a%, = 
— 0-44°) in CHCl, (Found: C, 55-3; H, 5-9. C,3H;,0,N,8,,4H,O requires 
C, 55-0; H, 56%). The salts examined were those obtained by air-drying 
to const. wt. 

Recrystn. of salts having [a]#,, of — 10° to — 12° until a const. specific 
rotation was shown gave pure strychnine hydrogen dl-diphenyl-2 : 2’-disul- 
phonate in long rectangular plates, m. p. first 145° and then 265° (decomp.; 
corr.). This salt is less sparingly sol. than the d-salt, and had [a], — 11-0° 
in CHCl, (1 = 2; ¢ = 1-457; a2), = — 0-32°) (Found: C, 50-2; H, 53; 
N, 3-5. C,3;H;,0,N,8,,7-5H,O requires C, 50-5; H, 6-0; N, 36%). The 
salts examined were dried under conditions precisely similar to those used 
for the above salts. Particular care was necessary in this respect in view of 
the presence of H,O of crystn. in all three salts. 

The strychnine salts were decomposed by extracting their CHCI, solutions 
with dil. NH, aq. The NH, extracts were repeatedly extracted with CHCl, 
and then examined polarimetrically. Decomposition of 2 g. of the salt having 
[a], — 8°5° gave a solution (J = 4) with a%;, + 0:27°. Decomposition of 1g. 
gave a solution having a;;,, + 0-14°. The rotation was unchanged after 
3 days in the cold, but 10 mins.’ boiling caused racemisation. Decomposition 
of 1 g. of the salt having [aJ%,, — 13-8° gave a solution (NH, salt) with 
ayy, — 0-09° (1 = 2), unchanged after 24 hrs. Inactive solutions were 
obtained when the salt having [a]%, — 11-0° was decomposed. 


We desire to thank the Royal Society and the Chemical Society for grants. 
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349. The Rearrangement of the Alkylanilines. Part 
V. Trimethylethylene, the Intermediate Product 
in the Rearrangement of isoAmylaniline Hydro- 
bromide to p-Amino-tert.-amylbenzene Hydro- 


bromide. 
By W. J. HickrnBorrom. 


THE rearrangement of isobutylaniline hydrobromide can be made to 
yield either p-amino-tert.-buty]benzene or p-aminoisobutylbenzene 
under suitable conditions (Hickinbottom and Preston, J., 1930, 1566). 
It has now been found that the hydrobromide of isoamylaniline (I) 
yields p-amino-tert..amylbenzene (III) on rearrangement. The 
isomerisation of the free amine at 212° in presence of cadmium 
chloride produces primary amines containing 98°/, of p-aminoiso- 
amylbenzene (II); at the same temperature, with cobalt chloride 
or bromide as the promoter, the product contains 2—3%, of aniline 
and about 5% of a primary amine, b. p. above 290°, which cannot be 
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an aminoamylbenzene : there is no evidence that the alkyl group 
undergoes isomerisation during its transference from nitrogen to the 
nucleus. 





NH, NH-CH,-CH,Pré NH, 
C) HBr C) CoCl,, CoBr,, 
<— ed 
or GdOCl, 
CEtMe, CH,°CH,Pré 
(III.) (I.) (II.) 


During the rearrangement of isoamylaniline hydrobromide pro- 
duced by 6—8 hours’ heating at 240—280°, the isoamyl group 
suffers isomerisation to tert.-.amyl: the amount of p-amino-tert.- 
amylbenzene (III) in the primary amines obtained is 25—45% ; 
aniline is the principal product and trimethylethylene is also 
formed. 

As isoamylaniline hydrobromide, when heated at 302°, yields tri- 
methylethylene in large quantity (Hickinbottom and Ryder, J., 1931, 
1281), the effect of heating this hydrocarbon with aniline hydro- 
bromide in a sealed tube was investigated : under conditions strictly 
comparable with those required for the rearrangement of isoamyl- 
aniline hydrobromide, the product was p-amino-tert.-amylbenzene 
(III). There seems to be no reasonable doubt, therefore, that the 
formation of p-amino-tert.-amylbenzene from isoamylaniline hydro- 
bromide is due—in a large measure at least—to the intermediate 
formation of trimethylethylene : 


HBr,NH-CH,-CH,Pré _NH,,HBr NH,,HBr 


CMe,:CHMe —> 
@) sf t “2 () 


CEtMe, 


This conclusion is based on the experimental realisation of each 
phase of this scheme and is in accord with the fact that trimethy]l- 
ethylene is present in al] products in which the reaction has not gone 
to completion, as demanded by the relative speeds of the two 
reactions—(b) the slower, (@) the faster. 

Although the rearrangement of isoamylaniline hydrobromide 
depends on the intermediate formation of trimethylethylene, the 
isomerisation of isoamylaniline promoted by metal salts follows a 
different course (compare Hickinbottom and Preston, loc. cit.), for it 
is now found that this olefin reacts with aniline and cobalt chloride or 
bromide to give p-amino-tert.-amylbenzene, instead of p-aminoiso- 
amylbenzene, This result refutes the suggestion of Bennett and 
Chapman (Ann, Reports, 1930, 124) that the same intermediate is 
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produced during the rearrangement of the hydrobromide and of 
the amine with metal salts (see also Hickinbottom and Ryder, 
loc. cit.). 

Bennett and Chapman explain the rearrangement of the alkyl- 
anilines in presence of metal salts by assuming the intermediate form- 
ation of alkyl halide. This hypothesis had already been advanced 
in a somewhat more general form by Hickinbottom and Waine, who 
found it impossible to reconcile it with the experimental facts (J., 


1930, 1559). 
ExPERIMENTAL. 


Rearrangement of isoAmylaniline with Metal Salts as Promoters : Formation 
of p-Aminoisoamylbenzene.—The isoamylaniline used (Hickinbottom and 
Ryder, loc. cit.) had b. p. 253—254°/751 mm. (corr.) and formed a m-nitro- 
benzenesulphonyl derivative, white asbestos-like needles, m. p. 104—105°, from 
EtOH (Found: N, 8-15. C,,H,,.0,N,8 requires N, 8-0%). 

The amine (9-2 g.) was heated with anhyd. CoCl, (5 g.) for 7 hrs. at 240— 
250° in a long-necked flask closed with a guard-tube of soda-lime. The 
greenish cryst. product was treated with NH, aq. and extracted with Et,O and 
the primary amines present in the extract were separated as sparingly sol. 
zincichlorides (7-96 g.) (compare Hickinbottom, J., 1930, 992), corresponding 
to a yield of approx. 60%. These amines were regenerated, and acetylated in 
aq. suspension, giving an acetyl compound, m. p. 115—115-5° after crystallin. 
from EtOH (Found : N, 7:05%). 

The same acetyl compound was obtained from the products of other similar 
expts. in which CoBr, or CdCl, was used as promoter at temps. between 210° 
and 280°. 

The amine regenerated from the acetyl derivative had b. p. 262—264°/756 
mm. (corr.) and formed a benzoyl derivative, thin plates, m. p. 151—153°, 
from MeOH (Willgerodt and Dammann, Ber., 1901, 34, 3678, record p-amino- 
isoamylbenzene, b. p. 256—258°; acetyl derivative, m. p. 113—114°; benzoyl 
derivative, m. p. 147°; compare also Calm, Ber., 1882, 15, 1642; Anschiitz 
and Beckerhoff, Annalen, 1903, 327, 218). The acetyl and the benzoy] deriv- 
ative depressed the m. p.’s of the corresponding derivatives of p-amino-tert.- 
amylbenzene, but not those of the derivatives of p-aminoisoamylbenzene 
prepared by the methods of Willgerodt and Dammann and of Calm. 

p-Aminoisoamylbenzene formed a m-nitrobenzenesulphonyl derivative, m. Pp. 
99—101° (Found: N, 8-3. C,,;H,,0,N,S requires N, 8-0%), and gave with 
pheny! isothiocyanate p-isoamyldiphenylthiourea, small nodules, m. p. 122°, 
from EtOH (Found: N, 9-6. C,,H,,N,S requires N, 9-4%). 

A series of expts. was made with the object of ascertaining the yield of 
p-aminoisoamylbenzene and the relative amount of other products. isoAmyl- 
aniline was heated (vapour from boiling ethyl benzoate) with anhyd. metal 
chloride for a definite time in a long tube having a pear-shaped bulb blown at 
the lower end, the other end being open to the atmosphere through guard-tubes 
containing CaCl, and Mg(ClO,),. The product was dissolved in warm dil. 
HCI and the amines were liberated by NH, aq. As the impurities in the 
p-aminoisoamylbenzene amounted to only a few units %, it was necessary not 
only to estimate and separate small amounts of aniline, but to develop 4 method 
capable of detecting, and if necessary of estimating, small quantities of isomeri¢ 
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aminoamylbenzenes. A slight excess of 50% ZnCl, aq. was added to the 
amines liberated from the reaction product, and the paste formed was thoroughly 
ground and kept over-night. The insol. zincichlorides were collected in a 
sintered glass funnel, washed with H,O, and extracted several times with boil- 
ing light petroleum (b. p. 60—80°) to remove secondary amine completely (the 
presence of traces of this leads to unsatisfactory results in the subsequent 
assay). From the zincichlorides, dried to const. wt. at 100°, the yield of 
primary amines can be calculated. The approx. amount of aniline in the 
primary amines thus pptd. was determined by decomposing the zincichlorides 
with NH, aq., removing the liberated amines in Et,0, washing (H,O), drying 
(Na,SO,), and evaporating the extract, acetylating the residue by evaporation 
with an aq. suspension of Ac,O, and drying the product to const. wt. in a steam- 
oven; a weighed amount of this product was boiled with 20—30 times its wt. 
of H,O and, after cooling, the insol. acetyl compound was collected and dried. 
Evaporation of the aq. extract gave the wt. of crude acetanilide, from which 
the wt. of aniline recorded in col. 6 of the table was calculated. The m. p. 
of the residue of acetyl derivative after extraction, recorded in col. 7, gives a 
rough measure of the purity of the principal product (p-isoamylacetanilide, 
m. p. 115-5°. The m. p. recorded here is the temp. at which the last trace of 
solid liquefied). The impurity remaining in this product was acertained by 
hydrolysis of the crude acetyl compound from a number of expts., and fraction- 
ation of the amines thus obtained. p-Aminoisoamylbenzene, b. p. 262—264° 
(corr.), was the principal product. A primary amine, b. p. above 290°, amount- 
ing to about 5% of the total wt. of amines was obtained : it is being examined, 
but it is evident that it cannot be an isomeride of aminoisoamylbenzene. 
Search was made for amino-tert.-amylbenzene in the fractions collected up to 
262°. Each was acetylated separately by evaporation to dryness with an aq. 
suspension of Ac,O, and the crude acetyl derivative obtained was extracted 
with H,O in the manner described above, to remove acetanilide. There 
remained p-isoamylacetanilide without any serious amount of other com- 
pounds, for the m. p. of the extracted fractions varied between 114° and 115°. 
The presence of p-tert.-amylacetanilide would have been shown by the lowering 
of the m. p., 4% producing the quite noticeable depression of 1-5° and the 
m. p. of a mixture of this composition not being changed by extraction with 
H,0. The total wt. of the fractions examined in this way amounted to 20% 
of the total wt. of primary amines, and it is concluded, therefore, that if 
p-amino-tert.-amylbenzene is present in the reaction product it constitutes less 
than 1% of the total primary amines formed. 

The light petroleum extract of the zincichlorides was also examined. Re- 
peated extraction with very dil. HCl removed unchanged isoamylaniline 
(identified by its m-nitrobenzenesulphony] derivative, m. p. 104—105°) and a 
small quantity of p-aminoisoamylbenzene which had escaped pptn. as zinci- 
chloride. There remained in the light petroleum solutions an amine having all 
the reactions of a nuclear-substituted diphenylamine ; it boiled unchanged at 
325—330° (corr.) and its solution in conc. H,SO, gave a light yellow coloration 
on the addition of HNO,. No simple cryst. derivative has yet been obtained 
from it. A rough estimation of the amount of this substance formed in each 
reaction was made by evaporating the light petroleum solution in a tared dish 
after extraction with very dil. HCl. It appears that the yield of this product 
increases with the length of heating and that the nature of the promoter used 
also has an influence. 
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180- Crude Extracted Substd. 
Amyl amino- Ac diphenyl- 
aniline, Promoter, Heating, amylbenz- Aniline, cmpd., amine, 
g- g- hrs. ene, g.- g- m. p. g. 
4-9 CoCl, 2°75 ll 2-52 0-075 111° 1-2 
4-42 CoCl, 1-85 ll 2-02 —- --- 1:27 
3°67 CoBr, 3-58 7-25 1-55 0-031 112 0-97 
3-66 CdCl, 4-75 7 2-57 0-018 114-5 0-37 
433 CoCl, 3-82 1-5 1-61 — — 0-40 


Rearrangement of isoAmylaniline Hydrobromide : Formation of p-Amino- 
tert.-amylbenzene.—The dry hydrobromide (7-95 g.), heated at 230° for 5—6 
hrs. in a sealed tube, gave a layer of amylene resting on a solid mass of amine 
hydrobromides. The primary amines were separated as zincichlorides 
(4-05 g.), regenerated, and roughly separated by distillation into approx. equal 
amounts of aniline and aminoamylbenzene. The latter was identified as 
p-amino-tert.-amylbenzene by means of its acetyl derivative, m. p. 140—141° 
(Anschiitz and Beckerhoff, loc. cit., give m. p. 138—139°), alone or mixed with 
@ specimen prepared from p-amino-tert.-amylbenzene obtained by heating ‘ert.- 
amyl alcohol with aniline and ZnC),. 

In other expts. the rearrangement of isoamylaniline hydrobromide at temps. 
between 220° and 280° invariably produced p-amino-tert.-amylbenzene and no 
serious quantity of any isomeric amine. 

Reaction of Trimethylethylene with Aniline: Formation of p-Amino-tert,- 
amylbenzene.—(a) With aniline hydrobromide. Trimethylethylene was heated 
with dry aniline hydrobromide (2 parts) in a sealed tube at 245—-250° for 5 hrs. 
(in other expts., at 230—240° and at 260—280°). There resulted a solid mass 
of amine salts covered by a layer of unchanged amylene. After treatment with 
alkali the liberated amines were separated by distillation into aniline (65%) 
and p-amino-tert.-amylbenzene (35%) (acetyl derivative, m. p. and mixed m. p. 
Found: N, 7-2. Calc.: N, 68%). 

(b) With aniline cobaltobromide or cobaltochloride. Trimethylethylene (4 c.c.) 
and aniline cobaltobromide (10 g.) were heated in a sealed tube at 180° for 6 hrs. 
The product, treated as in (a), gave aniline (1-3 g.), p-amino-tert.-amylbenzene 
(2-9 g., identified as its acetyl derivative), and a semi-resinous residue (0-45 g.). 
The same products were obtained after aniline cobaltochloride (12-7 g., free 
from EtOH) (Lippmann and Vortmann, Ber., 1878, 11, 1069; Percival and 
Wardlaw, J., 1929, 1318) and trimethylethylene (2-6 g.) had been heated in 4 
sealed tube for 6 hrs. at 240—250°, 
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350. Studies in the Sterol Group. Part XVI. (a) 
The Molecular Formula of Ergosterol. (b) The 
Oxidation of Ergosterol and of a-Dihydroergosterol 
with Manganese Dioxide and Sulphuric Acid. 

By I. M. Hemsron and J. C. E. Smpson. 


(a) The hitherto generally accepted view that cholesterol, sitosterol, 
and ergosterol each contain twenty-seven carbon atoms has recently 








a @ oa ane @ atin - eee SS Wm a ae ea. me ok hlCUlU le Ce ee ee Oe 


Se © 

















STUDIES IN THE STEROL GROUP. PART XVI. 2401 


been shown to be incorrect by Sandqvist and Bengtsson (Ber., 1931, 
54, 2167), who, from acetyl estimations of sitosteryl acetate, conclude 
that this sterol has actually the formula C,.H,,0, a result now con- 
firmed by Windaus, Werder, and Gschaider (Ber., 1932, 65, 1006). 
Similarly, Windaus and Liittringhaus (Nach. Ges. Wiss. Gott., 1932, 
4) have suggested from the analytical data of various derivatives of 
ergosterol, especially the dinitrobenzoate and allophanate, that this 
sterol is more probably better represented as C,,H,,0 than C,,H,.O 
(compare also Windaus, Werder, and Gschaider, loc, cit.). We have 
now succeeded in obtaining bromoergostanone, m. p. 191°, and bromo- 
dehydroergostenone, m. p. 178—179°, from both ergostanone and 
g-ergostenone by treatment respectively with slightly more than one 
and two molecules of bromine. That the bromination of $-ergo- 
stenone is accompanied by dehydrogenation and is in this respect 
similar to the action of bromine on 6-ergostenol (Morrison and Simp- 
son, this vol., p. 1710) has been proved by the reduction of the 
bromo-ketone with zinc dust and acetic acid to dehydroergostenone, 
CygH,,0|—,, m. p. 148°, which is identical with the ketone derived 
from the distillation of dehydroergostenol with copper—bronze. 
With the isolation of these bromo-ketones, compounds became 
available which have enabled us to reach definite conclusions 
regarding the number of carbon atoms in the ergosterol molecule. 
The analytical data given below show that the molecular formula 
of ergosterol cannot possibly be C,,H,.0, but must be represented 
as C,,H,,0 (or less probably C,,H,,0), thus confirming the views 
of Windaus and Liittringhaus (loc. cit.). The analyses were carried 
out by Dr. A. Schoeller, Berlin, and in each case two different prepar- 
ations of the bromo-ketones were submitted. 


Bromoergostanone 
C,,H,,OBr requires C, 68-7; H, 9°7; Br, 17-2% 
C,,H,,OBr ” 70-2 > 9-8 > 16-7% 
C.,H,,OBr a 70-6 ; 9-9; 16-2% 
C,,.H;,0Br » 71-0; 10-1; 158% 
Found : Preparation A 70-6; 10-0; 16-6% 
70-3 ; 9-9; 16-5% 
B 
” ” 70-3; 9:9; 166% 
Bromodehydroergostenone 
C,,H,,OBr requires C, 70-3; H, 8-9; Br, 17-4% 
estas Br PY 70-7; 9-05; 16-85% 
C,,H,,OBr ” 71-2 > 9-2 > 16-49 
C,H,,0OBr |. 11-6: 93; 159% 
Found : Preparation A 70-5; 9-3; 16-6% 
B 70-6; 9-3; 16:6% 
” 2” 70-5; 9-1; 16-6% 


The bromination of a-ergostenone has also been attempted, but 
no bromine-containing substance could be isolated. Further work 
on these substances is now being carried out. 
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(6) The oxidation of ergosterol with nitric acid was examined 
by Reindel and Niederlander (Annalen, 1930, 482, 264), who isolated 
a polycarboxylic acid which they considered to be a cyclopentadiene- 
tricarboxylic acid, but Guiteras, Nakamiya, and Inhoffen have 
proved to be a methylbenzenetetracarboxylic acid by further oxid. 
ation to the closely related benzenepentacarboxylic acid (Annalen, 
1932, 494, 115). We have ourselves obtained the latter acid in the 
form of its pentamethyl ester from both ergosterol and «-dihydro. 
ergosterol by oxidation with manganese dioxide and 57°, sulphuric 
acid. In each case a complex mixture of acids was formed, but 
whereas from ergosterol the yield of pure pentamethy] ester was 
4%, of the ergosterol used, from «-dihydroergosterol only 14% was 
obtained, despite the fact that the percentage amount of total acids 
from the latter was almost twice as great as that from ergosterol. 
This result is in accord with that of Reindel and Niederlander and 
Guiteras, Nakamiya, and Inhoffen (loc. cit.), who find that the 
production of methylbenzenetetracarboxylic acid is practically 
specific to ergosterol, and that the acid is not formed from the iso- 
ergosterols, «- and £-ergostenols, ergostanol, or other sterols such 
as cholesterol and sitosterol. We have ourselves found that a-di- 
hydroergosterol also fails to yield this acid. 

Although evidence obtained by drastic oxidation methods such 
as have been employed here must be applied with extreme caution 
to problems relating to the elucidation of chemical structure (com- 
pare Ruzicka, Schinz, and Meyer, Helv. Chim. Acta, 1923, 6, 1077), 
we believe that, taken in conjunction with the results of Guiteras, 
Nakamiya, and Inhoffen (loc. cit.), our results assume a not incon- 
siderable significance and do, in fact, support the hypothesis that, in 
attempting to arrive at a structural formula for ergosterol, an un- 
saturated ring system allowing of the formation of a methylbenzene- 
tetracarboxylic acid must be taken into consideration. 


EXPERIMENTAL. 


Bromoergostanone.—To a solution of ergostanone (0-5 g.) in CHCl, (5 ¢.¢.) 
at room temp., Br (5 g. in 100 c.ec. CHCl, ; slightly more than 1 mol.) was added 
during 20 mins. The solution was then boiled for 1 min., cooled, and washed 
successively with Na,S,O0, aq. and H,O. The cryst. residue left after removal 
of solvent from the dried solution was recrystallised from CHCl,—EtOH and 
then from acetone. The bromo-ketone, m. p. 191° (decomp.), formed long 
needle clusters, sparingly sol. in Et,O0 and EtOH, moderately in acetone, and 
readily in CHC). 

Bromodehydroergostenone.-—A solution of B-ergostenone (1 g.) in dry CHCl, 
was treated as above with 18 c.c. of the Br solution during 10—15 mins., at 
— 15°. The solvent was removed from the reddish-brown fluorescent solution 
under reduced press. and the residual dark solid was crystallised from acetone 
and then repeatedly from CHCl,-EtOH. Bromodehydroergostenone separated 
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in thin prisms, m. p. 178—179° (decomp.), sparingly sol. in EtOH, moderately 
in acetone, and readily iri CHCI,. 

Dehydroergostenone.—_{a) A solution of bromodehydroergostenone (0-3 g.) 
in AcOH (24 c.c.) was heated for 2 hrs. with Zn dust (0-8 g.). The hot solution 
was diluted with H,O and the solid which separated at 0° was recrystallised 
from EtOH. Dehydroergostenone formed plates, m. p. 147—148°, readily sol. 
inhot EtOH (Found : C, 84-8; H, 11-3. C,,H,,O requires C, 84-8; H, 11-1%). 
The oxime crystallised from EtOH in prisms, m, p. 212—213° (Found: N, 3-7. 
C,,H,,ON requires N, 3-4%). 

(b) Dehydroergostenol was heated for 1 hr. at 0-1 mm. with an equal wt. 
of copper—bronze and then distilled. The distillate, which solidified on cooling, 
was crystallised from EtOH, giving dehydroergostenone, m. p. 148°, identical 
with that obtained by the above method. 

Oxidation of Ergosterol with Manganese Dioxide and Sulphuric Acid.—A 
suspension of ergosterol (25 g.), conc. H,SO, (500 c.c.), and H,O (600 c.c.) 
was heated to 90°, and MnO, (100 g.) added. The whole was boiled under 
reflux for 24 hrs., 270 g. of MnO, being added in five equal portions during the 
first 4 hrs. The cooled reaction mixture was diluted with an equal vol. of 
H,0, the residue after filtration washed with boiling H,O, and the filtrate and 
washings continuously extracted for 48 hrs. with Et,0. The semi-solid mass 
left after removal of solvent was dissolved in H,O, and the filtered solution 
neutralised with NH, aq. and treated with AgNO,. The dried mixture of Ag 
salts (10 g.) was treated with Mel, a vigorous initial reaction occurring ; 
esterification was completed by heating under reflux for 1 hr. After remgval 
of the excess of MeI the residue was twice crystallised from MeOH, methyl 
benzenepentacarboxylate (1 g.) being obtained in prisms, m. p. 148° (Ruzicka, 
Shinz, and Meyer, loc. cit., give m. p. 146—147°; Guiteras, Nakamiya, and 
Inhoffen, loc. cit., m. p. 147—148°) (Found: C, 52-5; H, 4:4; OMe, 41-7. 
Cale. for C,,H,,0,,: C, 52-2; H, 4-4; OMe, 42-1%). 

Oxidation of a-Dihydroergosterol.—This was carried out as described above. 
Methylation of the mixed Ag salts (15 g. from 22 g. of a-dihydroergosterol) 
yielded a complex mixture of esters from which no single substance could be 
isolated by fractional crystn. The whole (4-8 g.) was therefore distilled at 
0-3 mm., yielding the following fractions: (a) 140—170°, 0-4 g.; (b) 170— 
195°, 1-6 g.; (ec) 195—220°, 1-4 g. After three recrystns. of fraction (c) from 
MeOH, 0-4 g. of methyl benzenepentacarboxylate was isolated. No individual 
could be obtained from fraction (b), and this was reoxidised with hot alkaline 
KMn0O, aq. in the hope of converting any methylbenzenetetracarboxylic ester 
present into potassium benzenepentacarboxylate, but no evidence of the 
presence of the former acid was obtained. 


One of us (J. C. E. 8.) thanks the Department of Scientific and 
Industrial Research for a grant. 


THe University, LiveRPOoL. [ Received, July 6th, 1932.] 
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351. Phase-rule Studies on Metallic Thiocyanates, 
Part II. The Systems AgNCS—NaNCS-H,0, 
AgNCS-KNCS-H,0O, and AgNCS-NH,NCS-H,0 
at 25°. 

By Vincent J. OccLESHAW. 


Tue following double salts containing silver thiocyanate and an 
alkali-metal or ammonium thiocyanate have been described: NaNCS, 
AgNCS and 3NaNCS,AgNCS (Cernatescu, Bull. Soc. Sci. Acad, 
Rowmaine, 1921, 6, 53), KNCS,AgNCS and 2KNCS,AgNCS (Foote, 
Amer. Chem. J., 1903, 30, 341; Z. physikal. Chem., 1903, 46, 79), 
3KNCS,AgNCS (Wells and Merrian, Amer. Chem. J., 1902, 28, 265), 
and NH,NCS,AgNCS and 5NH,NCS,AgNCS (Cernatescu, loc. cit.), 
The compounds described by Cernatescu and by Wells and Merrian 
were prepared by dissolving silver thiocyanate in aqueous solutions 
of alkali-metal or ammonium thiocyanate, whilst Foote obtained 
evidence for the existence of his compounds from a study of the 
system AgNCS-KNCS-H,0 at 25°, finding the salt 3K NCS,AgNCS 
to be unstable and to break down into a mixture of 2K NCS,AgNCS 
and potassium thiocyanate at this temperature. As this system was 
not studied by use of the “ residue ’”’ method and was not completed 
at the silver thiocyanate end, it has been reinvestigated by means of 
this method; the two ternary aqueous systems each containing the 
thiocyanates of silver and either sodium or ammonium have also 
been studied to determine the stability of the known double salts 
at 25°. 
EXPERIMENTAL. 

KNCS and NH,NCS were A.R. chemicals and were used without further 
purification; NaNCS was purified by the method described in Part I (J., 1931, 
55); for this work all samples were recryst. from EtOH before use. AgNCS 
was obtained by purification of residues which had accumulated from numerous 
gravimetric determinations and therefore contained little impurity. These 
residues were dissolved in NH,NCS aq. and the solution filtered; large dilution 
with H,O pptd, the Ag salt, which was washed by decantation with H,O until 
free from thiocyanate, collected, again washed with H,O, then with EtOH, 
and dried in an air-oven at 120°. 

Except when AgNCS was the equilibrium solid phase, the various mixtures 
were made up from weighed amounts of the appropriate solids with sufficient 
H,O to give 1—1-5 g. of solid phase after equilibrium had been attained. 
These mixtures were first heated at 40° until homogeneous and then shaken 
for at least 2 days—equilibrium was usually attained in less than 1 day—in 
a thermostat regulated at 25° + 0-05°. Where AgNCS was the stable solid 
phase, the mixtures were made up by shaking excess of this salt with solutions 
of the second thiocyanate kept at 40°, after which they were shaken in the 
thermostat until equilibrium, as determined by duplicate analysis of the 
solution at 2-day intervals, had been attained. Asin Part I, when NaNCS was 
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the solid phase in equilibrium, the mixtures were inoculated with the dihydrated 
Na salt to hasten attainment of equilibrium. Inoculation with the stable solid 
phases was resorted to with the system containing KNCS, as a tendency to 
form metastable mixtures was observed in this case also. 

After equilibrium had been reached and the solid phase had settled, weighed 
samples of solution and moist solid (obtained as in Part I) were analysed by 
the following method. To determine total thiocyanate, one sample was suitably 
diluted with H,O, a slight excess of AgNO, aq. added, and the pptd. AgNCS 
filtered off, washed, and dried as before. In a second sample, the thio- 
eyanate radical was destroyed by boiling with fairly conc. HNO, aq. in a flask 
with a ground-in air condenser, excess of acid was removed by evaporation 
nearly to dryness, and, after addition of H,O, the Ag was titrated (Volhard) by 
NH,NCS which had been standardised gravimetrically as AgNCS. 

The two mixtures at the extreme AgNCS end of the system containing the 
K salt were analysed by treatment with a large excess of H,O to ppt. all the 
AgNCS, which was filtered off, washed, and dried to constant weight as before. 
The filtrate and washings were made up to 500 c.c., and the remaining thio- 
cyanate determined volumetrically by Volhard’s method, the AgNO, solution 
used having been standardised gravimetrically as AgCl. As AgNCS is sol. in 
dil. thiocyanate solutions, these results are believed to be in error by about 
2%. 


All results are expressed as g. per 100 g. of solution or moist solid. 


System AgNCS—NaNCS-H,0. 








Solutions. Moist solids. Solid Solutions. Moist solids, Solid 
- “ — ——e-—, phase. eet —_—_ phase. 
AgNCS NaNOS. AgNCS. NaNOS. AgNOS. NaNCS. AgNOS. NaNOS, 
0 58-78 — — 12-68 54°36 41-78 37-92 
5-09 56-94 0-97 66-86)A 11-53 48°51 43-74 35-06 
9-80 55-42 2-22 66-28 | 11-21 42-49 48-96 31-37;C 


12-11 54-76 5-06 6-4 11-14 38-31 48-19 30-96 

12-14 54-55 19-71 62-69| , ,, 11-06 25-42 48-87 28-28 

12:17 54-73 30-24 60-30;/°° 12-61 17-24 58-80 13-10 C,D 
12-21* 54:80 13-09 60-13 10-09 17-55 46-70 10-16 
12-23¢ 54:78 25-15 57-18 B 1-74 9-19 64-22 3.03 |D 
12-547 54-46 36-55 59-06 t0-00002 0 -- — 

12-72 54:34 39-28 46-63 B,C 

* Plotted for invariant point. + Plotted as one point. 


¢} As determined by Kuster and Thiel (Z. anorg. Chem., 1903, 38, 139), 
Abegg and Cox (Z. ghysibat. Chem., 1903, 46, 11), and Masaki (Bull. Chem. 
Soc. Japan, 1930, §, 345). 

A= NaNCS,2H,0; B = 3NaNCS,AgNCS; C = NaNCS,AgNCS,2H,0; 
D = AgNCS. 


These results are represented graphically in Figs. 1 and la, which indicate 
that the double salt 3NaNCS,AgNCS, the short solubility curve of which is 
shown better in Fig. la, and the hydrated double salt NaNCS,AgNCS,2H,0O 
appear in this system at 25°. The former exists over a very small area, only 
separating from satd.. solutions containing from 12-21 to 12:72% AgNCS 
and 54-80 to 54-34% NaNCS, whilst the area of existence of the second double 
salt is wide : with satd. solutions containing 54:°34—17-24% NaNCS, in which 
the concn. of AgNCS varies only from 12-72 to 11-06 to 12-61%. In order to 
make quite certain that the double salt 3NaNCS,AgNCS was a stable solid 
Phase at 25°, mixtures in which it appeared to be the stable solid phase, as 
well as mixtures representing the invariant points at each end of its solubility 
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curve, were inoculated with NaNCS,2H,O and with NaNCS,AgNCS8,2H,0 
without any phase reaction taking place. 

The observation (Part I) that the stable form of NaNCS at 25° is its di- 
hydrate has been confirmed. Additional evidence in support of this fact has 
been obtained by measuring the rate of dehydration of the dihydrate at 25°, 


Fie. 1. 
H,O 


Na CNS. AgCNS, 20 








NaNCS 3NaNCS,AgNCS AgNCS 


using fused CaCl, or conc. H,SO, as the drying agent. The results of two such 
expts. are given below. 


Fused calcium chloride as drying agent. 
Rate of loss of H,O 
(mg./23 hrs.) ...... 59-3 77-5 = 755 74:8 7 
H,0, %, in material 30-85 28-03 23-97 19°57 14: 
Concentrated sulphuric acid as drying agent. 
Rate of loss of H,O 


m bo 


(mg./6 hrs.) ...... 198 205 21-4 196 196 208 203 
H,O, %, in material 31:12 29-73 28-37 26-74 25-19 23-56 21-74 
Rate of loss of H,O 

(mg./6 hrs.) ...... 21-2 216 21-4 #«+%§}2 20-0 18:4 19-2 
H,0, %, in material 20-16 18:15 16-29 14-04 11-81 9-50 7-26 
Rate of loss of H,O 

(mg./6 hrs.) ...... 197 149 20 


H,0, %, in material 5-00 2°34 0-23 

As dehydration always took place at the existing barometric press., variations 
in the latter have affected the results, but when these are plotted no indication 
is given of the existence of a lower hydrate at 25°. (The results given above 
have been corrected for an unavoidable slight gain in wt. which occurred when 
the NaNCS had to stand over the week-end.) 
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The double salt NaNCS,AgNCS,2H,O separated as ill-defined colourless 
plates, which are either monoclinic or triclinic; n 1-65—1-66. 


Fic. la. 


3NaCNS. hg CNS 
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Mols. of NaNCS per 1000 g. of H,O. 


























1 2 3 
Mols. of AgNCS per 1000 g. of H,O. 
The other double salt, 3NaNCS,AgNCS, was not examined further. 
System AgNCS-KNCS-H,0O. 








Solutions, Moist solids. Solid Solutions. Moist solids. Solid 
—_— os phase. re ee phase. 
AgNCS. KNOS. AgNCS. KNCS. AgNCS. EKNCS. AgNCS. KNCS. 


70-89 = Ly A 20-56* 54-09 51:95 41-51 
12 68-77 0-97 94-26f/ 20-58 50-01 49-49 41-13 
19 66-88 12-73 84-72 A,B 20-28 47-72 51-11 40-07}, 
922 66-31 43-40 55-09 20-04 43-02 54:44 38°15 
11-78 61-39 41-45 54-96 19-24 35-88 57-42 36-81 
13-06 59-29 42-61 54-12] B 16-68 25°40 58-89 36-20 
16-12 55-21 42-44 64-17 16-10 23-15 69-13 20-28 C,D 
18-74 52-13 42-78 64-28 11-39 20-98 69-90 eed 
20-57 50°53 44-22 53-02 6-69 16-97 65:79 6-01 
1-29 9-67 60-27 3-78 ( 
0-00002 0 — — ) 


D 


* Metastable. 

A= KNCS; B = 2KNCS,AgNCS; C = KNCS,AgNCS; D = AgNCS. 
These results are plotted in Fig. 2, which shows the double salts KNCS,AgNCS 
and 2KNCS,AgNCS to exist at 25°. As many as possible of the results given 
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by Foote (loc. cit.) for this system are also shown on the diagram; the results 
now obtained confirm his observations. Foote found the double salt 
3KNCS,AgNCS, prepared by Wells and Merrian (loc. cit.), to be unstable at 
25°. In the presert work, in only one case, where no great care was taken over 
the temp. of prepn. of the mixture and with a shorter shaking period than was 
usually employed, a mixture in which the solid phase was this double salt was 
obtained, but this proved to be metastable. It will also be noted that the 
solubility curve of the double salt KNCS,AgNCS is concave to the H,O apex 
of the triangle, a type of solubility curve which is very rare in three-component 
aq. systems. The salt KNCS,AgNCS separated as colourless plates which 


Fie. 2, 
H,O 





Va 


KNCS 2KNCS,AgNCS KNCS,AgNCS AgNCS 
x Foote. © Author. -+-—-- Boundaries of solid phase areas as given by Foote. 
may be orthorhombic, though no very definite figure could be obtained under 
the microscope; n>1-748. The compound 2KNCS,AgNCS crystallised 8 
colourless prisms; » 1-67—1-68. 
System AgNCS-NH,NCS-H,0. 
Solutions. Moist solids, Solid Solutions, Moist solids, _ Solid 
LK ————— phase ———, hase. 
AgNCS. NH,NCS AgNCS. NH,NCS. AgNCS. NH,NOS. AgNCS. NH,NOS. 
0 64-33 a 33-14 44-27 51-44 37-18 


3°19 63-37 0-84 o243}4 33-29 40-25 60-34 33-65 C 
4:48 62-87 13-97 78-30 A,B 33-44 36-04 51-66 sree) 





451 62-70 25-66 69-18 34-10 31/10 57-02 31°58 
9-46 57:07 28-18 68-48 35-09 28-19 64:19 25-02 C,D 
17°16 51-42 28-13 66-97}B 30-88 26°86 72-51 poe} 
24-80 48-22 29-13 66-28 14-92 19-57 76-35 6-04 D 
30°38 46:18 30-30 65-69 3:19 10-66 62:19 4-61 


33-18 45-13 43-51 50-03 B,C 0-00002 0 ob — 
A = NH,NCS; B = 5NH,NCS,AgNCS; C = NH,NCS,AgNCS; D = AgNCS. 
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These results when plotted (Fig. 3) indicate the existence, at 25°, of the two 
double salts NH,NCS,AgNCS and 5NH,NCS,AgNCS and that a congruent 
point occurs on the solubility curve of the latter salt. Both these salts, as 
r prepared by Cernatescu (Joc. cit.), are described (Chem. Abs., 1921, 15, 1262) 
as well-formed cryst. compounds which are decomp. by much H,O, whilst 
the addition of BaCl, aq. to their aq. solutions gave no ppt. of AgCl. This ob- 
servation has been confirmed with the double salt 5NH,NCS,AgNCS, but from 
Fig. 3 :t will be seen that as addition of H,O to the compound NH,NCS,AgNCS 
results in the formation of AgNCS in the solid phase, it is not possible to prep. 
an aq. solution of this double salt. 


rant F&F 2 & 


Fic. 3. 








NH,NCS 5NH,NOS,AgNCS NH,NCS,AgNCS AgNCS 


, The salt NH,NCS,AgNCS was formed as colourless needles which are 
probably orthorhombic; n>1-66. 5NH,NCS,AgNCS crystallised as colour- 
less plates which under the microscope appeared to be tetragonal; n 1-67— 
1-675. 

The triangular diagrams show clearly that the effect of the thiocyanates in 
mereasing the solubility of AgNCS decreases in the order NH, >K>Na. 


Summary. 

The three ternary aqueous systems containing silver thiocyanate 
and the thiocyanate of either sodium, potassium, or ammonium 
have been investigated at 25°. 

The double salts 3NaNCS,AgNCS, NaNCS,AgNCS,2H,0, 
eS, 2KNCS,AgNCS, NH,NCS,AgNCS, and 

I 
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5NH,NCS,AgNCS have been found to exist at this temperature, but 
of these only the last is stable in contact with its saturated solution. 

The solubility curve of 3NaNCS,AgNCS is very short, whilst that 
of KNCS,AgNCS is concave to the water apex. 

These double salts are all definitely crystalline and colourless and 
have refractive indices between 1-65 and 1-75. 

In increasing the solubility of silver thiocyanate, the ammonium 
salt has the greatest and the sodium salt the least effect. The de- 
hydration of sodium thiocyanate dihydrate has been studied at 25°, 
and no indication of the existence of a lower hydrate at this tem- 
perature has been obtained. 


The author thanks Mr. I. 8. Double, M.Sc., F.G.S8., of the Geology Depart- 
ment, for all crystallographic data given in this work. 


University or LIVERPOOL. [Received, July 16th, 1932.) 





352. The Solubility of Praseodymium Selenate in 
Water. 


By J. Newton FRIEND. 


THE sulphates of lanthanum, praseodymium, and neodymium 
exhibit considerable differences in their solubilities in water, a fact 
that has occasionally been utilised in their separation by fractional 
crystallisation. The method has not proved popular, however, on 
account of the slight solubility of the salts, which renders the process 
more tedious than the usual double nitrate methods. Owing to the 
much greater solubilities of the selenates of these rare-earth metals, 
it was thought that, if they showed similar percentage differences in 
their solubilities, a convenient and rapid method of separation might 
be evolved. The selenates of neodymium and lanthanum have 
accordingly been studied (Friend, J., 1931, 1802; this vol., p. 1597), 
and that of praseodymium is now described, thus completing the 
research. 


The Pr,O, was purchased from Messrs. Hilger; spectroscopic examination 
by Dr. 8. Judd Lewis showed that it contained only the merest traces of other 
rare-earth metals. In order to ensure the removal of any other impurities 
not readily detected spectroscopically, the oxide was dissolved in dil. HNO; 
aq. and the perfectly clear solution was boiled, praseodymium oxalate being 
pptd. with hot H,C,0, aq. After being filtered, washed, and dried, the 
oxalate was ignited to oxide. 

The selenate was prep. by dissolving the oxide in dil. H,SeO, aq. and 
crystallising it on the water-bath. The salt is only slightly sol. in hot H,0, 
so the mother-liquor was poured off and used in preparing further batches. 
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The H,SeO, was purchased as pure and found to be free from H,SO, and 
halogen. 

Method of Analysis.—The Pr was estimated by pptn. with excess of H,C,0, 
and ignition to oxide, with observance of the precautions already given in 
connexion with Nd salts (Friend, J., 1930, 1633). The ppt. of Pr,(C,0,), was 
granular and more easy to filter than that of La,(C,0,),, closely resembling 
in this respect the Nd salt. The Se was determined in separate samples in the 
manner already indicated (Friend, this vol., p. 1598). 

As with Nd,(SeO,);, both the metal and the acid radical could be determined 
with considerable accuracy by successive treatment of the same samples. The 
following results are typical : 


(i) Direct pptn. from selenate 


(PrgQ 13, G+) ceeveeeseceeeee 02478 02861 0°2634 0-1933 0-2184 
Pptn. after removal of Se 
(PrgQy1, B-)  veeeseceeeeeeee 02486 00-2860 0-2548 00-1938 0-2176 
(ii) Direct pptn. from selenate 
(Se, J.) cecceececseseseeeeeee O°2262 02148 00-1142 0-0936 
Pptn. after removal of Pr 
(SO, J.) ccecceccecsecceeeeeee 02260 02134 00-1148 0-0944 


The results with Se are more satisfactory than those obtained from La,(SeQ,)3 
(Friend, this vol., p. 1599), probably because of the greater adsorptive character 
of the latter ppt. 

The oxalate was always ignited in a Pt crucible, and weighed as the oxide 
Pr,O,, (Brinton and Pagel, J. Amer, Chem. Soc., 1923, 45, 1460). The crucible 
lid was adjusted to allow access of air, otherwise the weight of oxide fluctuated 
slightly, presumably owing to partial reduction to Pr,O,. After thorough 
ignition, the maximum wt. of oxide was taken as the true one. On account of 
this uncertainty, the results are probably slightly less accurate than the 
corresponding data for La and Nd. 

Anhydrous Pr,(SeO,), was obtained by Scheele (Z. anorg. Chem., 1898, 18, 
352) by heating the octahydrate to 250°. It does not appear possible, however, 
by mere heating to remove the last traces of H,O without causing partial 
decomp. of the salt, as was found to be the case with the corresponding La and 
Nd salts (Friend, locc. cit.). A slight residue is obtained, insol. in H,O, 
suggesting reduction to selenite. 

The existence of the penta- and octa-hydrates, described by Scheele, has 
been confirmed. 

Dodecahydrate, Pr,(SeO,);,12H,O. Crystals separating when a cold, conc. 
solution was heated above the transition point were dried between filter-paper. 
They rapidly lost wt. in the balance case, ultimately yielding the octahydrate. 
The latter salt, when exposed to air satd. with H,O vapour, gradually absorbs 
H,0, the powdery product ultimately containing approx. 22°9—23-7% H,O 
[Pr,(SeO,),,12H,O requires H,O, 23-31%]. Presumably, therefore, the 
crystals in contact with hot H,O are those of the dodecahydrate. 

The putty-like residues in the saturation bottle below the transition temp. 
closely resembled those obtained with La and Nd selenates and were not 
analysed. Their separation for analysis involves considerable loss of very 
expensive material without yielding any precise results. 

Determination of Solubility—The apparatus used was similar to that 
described for Nd,(SO,), (Friend, J., 1930, 1633), the procedure adopted being 
Precisely similar to that for La (idem, this vol., p. 1601). Owing to hydrolysis, 
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the sat. solutions were usually slightly acid and, as before, difficulty was 
experienced in obtaining accurately reproducible results. At the higher temps, 
hydrolysis was very pronounced. In the following tables, S represents the 
solubility as g. of anhyd. Pr,(SeO,), per 100 g. of solution, calc, from the wis, 
of Pr,O,, found. In every case the Se was also determined separately. The 
theor. value for the ratio Pr,O,, : 9Se is 1-4330. 


Fic. 1. 








Pr,(SeO,);, g- per 100 g. of solution. 














A L i 
0° 20° 40° 60° 80° 100° 
Temperature. 
TABLE I. 
(Approximately neutral solution initially.) 
Solid phase Pr,(SeO,)3, Aq. Solid phase Pr,(SeO,);,12H,0. 
Temp. S. Pr,O,, : 9Se. Temp. S. Pr,O,, : Se. 
0-5° 26-59 1-419 59-5° 23-33 1-291 
17-4 23-88 1-403 63-6 14-00 1-275 
17-8 23-79 1-393 67-0 9-96 1-364 
24-6 24-29 1-403 75-0 6-89 1-024 
30-0 24-50 1-431 81-0 5-64 1-150 
40°2 23-67 1-395 92-0 2-99 0-952 
48-6 24-00 1-444 
52-0 23°89 1-395 
55:5 23°99 1-320 
TaszeE IT. 
(Free selenic acid added to solution.) 
Wes sesscvesks.. cssidssus 146° 14-6° 158° 158° 16-4° 164° 286° 
Free H,SeO,, % ...... 0 4:7 0 0-7 0 0-86 0 
S sevrcecacevccecsescesesesee 200" 20°97 24-7* 25-33 245% 25-01 243° 
Is tnthinnisasiasinhens 28-6° 40-2° 402° 43-1° 43-1° 49-6° 496° 
Free H,SeO,, % ...... 5-12 0 0-84 0 1-84 0 4-85 
i ea ot 19-34 240% 23-85 24-0* 22-86 24-0* 20-41 
* Calculated. 


The foregoing results are shown in the figure, together with the solubility 
curves for Nd,(SeQ,), and La,(SeQ,)s. The three curves have the same 
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general shape, the solubilities falling rapidly with rise of temp. above the 
transition points. For the Pr salt the transition temp. is approx. 60°. 
Between 20° and 56°, S is practically independent of the temp. 

The data in Table II indicate that, as with Nd,(SO,)5, a slight increase in 
acidity at the lower temps. tends to increase S, probably for the reasons 
already given (Friend, J., 1930, 1640). Increase of acidity beyond 1% reduces 
S at temps. below the transition point. 

Separation of La, Pr, and Nd.—The solubilities of the double nitrates usually 
employed in separating these elements follow the serial order, those of Nd being 
most sol. It is comparatively easy, therefore, to separate La from Nd, but the 
elimination of Pr is difficult.. Below their transition temps., on the other hand, 
Pr,(SeO,); is the least sol. selenate and, by warming a cool, satd. solution on 
the water-bath, the Nd and La salts tend to concentrate in the cryst. deposit 
and the Pr in the mother-liquor. This has been confirmed by experiment. 
The difference in their solubilities is not as great as was expected and the 
separation is slow. This fact, coupled with the high cost of H,SeO, and the 
tendency for reduction to take place to insol. selenite renders the method of 
doubtful practical value. 


The author desires to thank the Chemical Society for a grant towards the 
cost of the praseodymia. 


TECHNICAL COLLEGE, BIRMINGHAM. [Received, August 12th, 1932.] 





353. Specific Heats of Aqueous Solutions of Formic, 
Acetic, Propionic, and n-Butyric Acids. 
By Caartes R. Bury and D. Gwynne DaviEs. 


Tas work was undertaken as a continuation of the study of the 
physical properties of aqueous solutions of n-butyric acid that is 
being pursued in these laboratories (Jones and Bury, Phil. Mag., 
1927, 4,841; Bury, ibid., p. 980; Grindley and Bury, J., 1929, 679; 
1930, 1665). Measurements were extended to acetic acid solutions 
in order to test the experimental methods used by comparison of 
the results with those of Richards and Gucker (J. Amer. Chem. Soc., 
1925, 47, 1876), and it then seemed desirable to complete the work 
by including the two other soluble acids of this series. 


EXPERIMENTAL. 


The substitution method of Richards and Gucker was used, two identical 
calorimeters being employed, each fitted with a thermometer, stirrer, and 
an electrical heating coil. The first calorimeter, or “‘ tare,”’ contains a suitable 
amount of H,O which is kept const. throughout the research ; while the second, 
or variable, calorimeter contains either H,O or the liquid under investigation, 
the amount of which is varied until equal rises of temp. are registered by the 
thermometers of the two calorimeters when a current is passed through the 
two coils in series. Any two masses of liquid in the variable calorimeter 
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which produce equal rises of temp. in the tare and variable calorimeter are 
thermally equiv., and it is therefore possible to calculate the relative specific 
heats of the two liquids. The method is probably the most accurate for com- 
paring sp. heats, and it has the advantage of working over a relatively small 
temp. range, which was desirable in this, as in most other researches. A 
further advantage, particularly for the chemist, is that no accurate measure- 
ments of electrical quantities are involved. 

For reasons of economy, a simplified apparatus (Fig. 1) was devised. Dewar 
flasks of 350-c.c. capacity were used as calorimeters, these being placed side 

by side in a large closed box and surrounded by cotton 
Fie. 1. wool. Temp. rises were measured by Beckmann thermo. 
meters. Considerable difficulty was experienced in finding 
suitable heating coils, the insulation of which would 
withstand the solutions used. Ultimately glass capillary 
tubes containing Hg were employed; these were drawn 
from }-in. tubing and bent in the form of a U; two such 
“coils” having almost identical resistances (ca. 5 ohms 
each) were chosen. It was also desirable to employ some 
device by which the calorimeters could be cooled between 
runs. The best of the three methods tried was the 
evaporation by a current of dry air of a few c.c. of Et,0 
which was placed in long closed tubes dipping into the 
calorimeters. (These tubes are omitted from Fig. 1 for 
the sake of clarity.) 

In performing an expt., exactly 180 g. of H,O were 
weighed into the tare, and a suitable wt. of the liquid 
under examination placed in the variable calorimeter. The 
temp. of the room was maintained const. at 16—17° 
during arun. The calorimeters were first cooled to about 
13°, allowed to stand for about } hr., and then heated 
individually to 13-5°. After thorough stirring, the initial 
temps. were read, and both calorimeters were then heated 
together to about 16-5° by the passage for about 15 mins. 
of a current of 0-7 amp. through the coils in series. After 
stirring, the final temps. were read, and the ratio of the 
temp. rises calculated. After confirming this ratio by two 
further expts., a small amount of the liquid under ex- 
amination was added from a weight pipette to the variable 
calorimeter, and the expt. repeated. 

Temp. rise ratios were plotted against wts. of liquid in the variable calori- 
meter, the points lying on a straight line. From this graph, the wt. of liquid 
that would cause a temp. rise ratio of unity was obtained by interpolation. 

Careful consideration of the various sources of error leads to the conclusion 
that the accuracy of the method is determined by the errors in reading the 
thermometer. Possible errors due to this cause may affect the final result by 
+ 01%. Other sources of error appear to be unimportant: heat leakages 
are negligible provided the expts. are performed near to room temp. Errors 
in the calibration of the thermometers are practically without effect on the 
final result provided that the same range of temps. be used consistently. 
Wts. were not corr. for buoyancy, since this was shown to be without effect 
on the final result. 
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An A.R. sample of formic acid was dehydrated with anhyd. CuSQ,, fraction- 
ally distilled, and then fractionally frozen five times. Acetic acid was purified 
by distillation from CrO, (Orton and Bradfield, J., 1927, 983). Propionic 
acid was twice fractionally distilled. Butyric acid was fractionally frozen 
ten times in a current of dry air, the f.p. of the final fraction being — 7-1°. 
Conens. of the solutions were determined by titration with Ba(OH),. 


Formic acid. 
TY MG) 200 60 5-767 11-10 16°83 21-61 28-02 31-65 
| Ee 0-9656 0-9352 0-9043 0°-8745 0-8386 0-8187 
Acetic acid. 
X, %y coeeee 5-205 10-21 15-01 19-76 24-40 29-67 34-22 
0-9801 0-9602 0-9399 0-9194 0-8946 0-8686 0-8432 
Propionic acid. 
> i, [ere 3-534 7-072 10-00 12-08 16-03 19-33 22-59 
CO cccceseseeee 09922 0°9855 00-9776 0-9713 00-9590 0-9474 0-9336 
[ar 25-38 30-21 
DT Leiwsiccee «€66OCREOD 6-071 

n-Butyric acid. 
Be Me. sveses 4-065 6-857 8-998 10-03 10-95 12-05 12-95 
O wicceceeeeee 0°9945 0-9893 00-9864 0°9853 0-9838 0-9803 0-9781 
i ie -ceoese 13-56 14-66 14-92 15-74 16-95 20-03 20-98 
CO cccceeceesee 09764 0-9723 00-9714 00-9660 0-9608 0-9443 0-9397 
a 24-30 28-26 29-29 
ft 00-9226 0-9029 0-8968 

Fie. 2. 
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The results obtained are given in the table, concns. (X) being expressed as 
g. of acid per 100 g. of solution. The sp. heats (C) are mean sp. heats over 
the range 13-5—16-5° relative to H,O (= 1) over the same range. The results 


are also plotted in Fig. 2. 
Richards and Gucker have determined the sp. heats of an 11-77% AcOH 
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solution at 16°, 18°, and 20°. Extrapolation of their figures gives the sp. 
heat at 15° as 0-9539, while interpolation from our results gives it as 0-954. 
No other data by previous investigators are directly comparable with our 
results. 

Discussion. 


In previous papers evidence has been given that butyric acid is 
associated, with the formation of micelles similar to those that 
exist in soap solutions, and that there is a critical concentration 
for micelles in such solutions below which the amount of association 
is negligible, while above it the number of micelles will increase 
rapidly. 
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These facts may influence the form of the specific heat—concen- 
tration curve in two distinct ways. First, if the contribution of the 
micelles to the total specific heat is different from that of the sum 
of the simple molecules of which it is composed, there will be an 
abrupt change of slope of the curve at the critical concentration. 
Taking into consideration the facts that the specific heats of most 
aqueous solutions decrease with concentration, and that those of 
most complex substances are smaller than the sum of the specific 
heats of their components, a curve of the form shown in Fig. 3a is 
to be expected. 

Secondly, if association is accompanied by emission or absorption 
of heat, the specific heat of solutions containing micelles will be 
abnormally great and a curve of the form shown in Fig. 38 will be 
given. The rise of specific heat at the critical concentration will 
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be proportional to the heat of association and to the change in the 
degree of association with temperature. 

It is obvious from Fig. 2 that the specific heat-concentration curve 
of butyric acid belongs to the type shown in Fig. 3a, and that it is 
entirely different from those of the lower aliphatic acids. There is 
an abrupt change of slope in the curve at about 13% of acid, in 
agreement with the fact that density determinations show that the 
critical concentration for micelles is about 13%. The fact that 
the curve is not of the type shown in Fig. 3B indicates that the heat 
of micelle formation is small, and this conclusion is in agreement 
with the fact that density determinations show that the critical 
concentration for micelles is almost independent of temperature. 


One of us (D. G. D.) is indebted to the Senate of this College for the award 
of a Garrod Thomas Fellowship. 


UnIvVERSITy COLLEGE OF WALES, 
ABERYSTWYTH. [Received, July 8th, 1932.] 





354. The System Manganese Sulphate-Thorium Sul- 
phate-Water at 30°. A New Type of Double Salt. 


By Ropert M. CaveEn. 


It was shown by the author and Mitchell (J., 1925, 127, 527, 2549) 
that MnSO,, but not CuSO, or NiSO,, forms a double salt with 
Al,(SO,), at 30°; and it appeared from the form of the graph that 
the limits within which the manganese double salt is formed are 
narrow, and that this salt is not much less soluble in the solution 
from which it separates than are its constituent single salts. 

It appeared interesting, therefore, to discover whether double 
sulphates are formed by combination of bivalent and quadrivalent 
sulphates; and a start was made with MnSO, and Th(SQ,).. 
Moreover, Th(NO,), is known to form double salts with the nitrates 
of Mg, Zn, Co, Ni, and Mn, of the type M++Th(NO,),,8H,O (Meyer 
and Jacoby, Z. anorg. Chem., 1901, 27, 359). 


EXPERIMENTAL. 


The materials employed were A.R. MnSO,,5H,0 and Th(SO,),,8H,0, the 
purity of which was proved by analysis. For the analysis of solutions con- 
taining these, alternative methods were available. The Mn might be estimated 
by the bismuthate method, and the Th calc. after estimation of total SO,. 
This method was used in the earlier work, but was found unsuitable when the 
proportion of Th was small. All the recorded results were obtained by 
precipitating Th as iodate in presence of HNO,, converting this into Th(OH), 
412 
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by NH, aq., and weighing it as ThO,, a double pptn. being employed, unless 
the hydroxide was white, to ensure freedom from Mn. 

The complete pptn. of SO, from Th(SO,), in acid solution is well known to 
present difficulty owing to the existence of thorisulphate ions. Therefore, 
NH, aq. was always added in excess before BaCl,, and the liquid heated with 
HCl aq. after pptn. until the BaSO, appeared white. Even in that case it 
was found necessary to allow the liquid to stand over-night for pptn. to be 
complete. The explanation of this appears to be that the Th(OH), pptd. by 
NH, aq. contains a little sulphate, which, on acidification, forms thorisulphate 
ions from which SO, is only slowly pptd. by BaCl,. This supposition is borne 
out by the fact that the direct pptn. of Th(OH), from aq. solution of the pure 
sulphate by NH, gives a high value for Th; ¢.g., Th found by direct ammonia 


pptn. = 41-33, 41-39, and 41-40%, whilst Th found by pptn. as iodate subse- 
quently decomp. by NH, = 











System MnSO,-Th(SO,),-H,O at 30°. 40-82% [Calc. for 
9 . Th(SO,).,8H,0 : Th, 40-86%). 
8 3 SO, estimated in same sample 
Y\ | = 33-81% = 40-87% Th. 
6 . | The results obtained, show. 
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ing the effect of increasing 
amounts of MnSQO, on the 
solubility of Th(SO,),, were 
plotted on the same scale as 


| 
A | that employed by Barre 
he. | 
J 
0 


ae 





. 


“¢ 
\ go 


* 
~ 























G. of Th(SO,), per 100 g. 
of H,O. 
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(Compt. rend., 1910, 150, 1599) 

0 10 20 30 40 650 60 70 for the NH,-Th double sul- 

G. of MnSO, per 100 g. of H,O. phates at 16° (cf. Mellor, 

‘Comprehensive Treatise, 

etc.,” Vol. VII, p. 245); and it soon appeared that an increase of solubility of 

Th(SO,), was produced by MnSO, similar to that caused by (NH,),S80,. 

Double salt, however, did not immediately separate when a sufficiency of 

MnSO, to produce it was present; instead, a metastable state resulted, with 

Th(SO,), remaining alone as solid phase. The formation of double salt in 
presence of Th(SO,), has not been observed. 

The double salt first appeared in the following way. As much Th(SO,),, 
8H,0 as possible was dissolved in a nearly satd. solution of MnSO, at an 
elevated temp. ; the solution was then filtered hot and stirred in the thermostat 
at 30°. A fine cryst. powder gradually separated, which was subsequently 
shown to be the double salt. A characteristic, however, of this double salt 
formation is its slowness, except with high concns. of MnSO,. Indeed, several 
hrs. may elapse before there is visible sign of crystn., and about 14 days 
may be necessary for a state of equil. to be reached. This is illustrated by 
the points a and B on the figure. The point a represents the state of a solu- 
tion from which double salt has been separating for 7 days, and the point 
the same solution 3 days later, when a condition of equil. is being approached, 
but is not yet reached. 

The slow rate at which equil. was reached gave rise to experimental difficulty. 
In former recorded expts. by the author and his co-workers, it was found 
sufficient to stir the solutions in loosely covered bottles in the thermostat, 
because separation of crystals occurred more rapidly than evaporation at 
30°; but in this case it became evident that evaporation must be prevented- 
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Indeed, in one expt. the solution became dry before equil. was reached. 
Consequently, the following mechanism, designed by Prof. Thomas Gray and 
executed by Mr. Alex. Hossack, was constructed. A hollow, rectangular 
brass frame of square cross-section was made to carry three wide-mouthed 
stoppered bottles of 400-c.c. capacity, which were screwed into position after 
their stoppers had been made water-tight with paraffin wax. The frame was 
caused to rotate horizontally in a carrier fixed to the bottom of the thermostat, 
by means of a pair of toothed wheels and a vertical spindle set revolving by 
an electric motor. Thus, the bottles were plunged lengthwise continuously 
through the water in the thermostat at a speed sufficient to mix their contents 
and stir the water but not to agitate its surface. The thermostat was heated 
and controlled electrically (Cranston, J., 1930, 1458) at 30° + 0-1°. 

By this means solutions could be agitated for an unlimited time, and portions 
withdrawn successively for analysis. These portions were first transferred to 
a stoppered test-tube which was immersed in the thermostat water up to its 
rim until suspended matter had settled, and the supernatant liquid was then 
decanted into a weighing bottle or quickly filtered, with suction, if necessary. 

When the lowest point on the double-salt curve had been fixed, successive 
higher points were obtained by the addition of small quantities of H,O, which 
could be continued as long as any double salt remained undissolved. These 
points were obtained more easily than the first because equil. is reached more 
quickly by solution than by crystn. The triple point, at which the solution 
was in equil. with double salt and Th(SO,),, was reached by adding Th(SO,), 
and a calc. quantity of H,O to the mixture after the highest point on the double- 
salt curve had been obtained. Microscopic examination showed the solid 
phase to be a mixture. 


The System MnSO,-Th(SO,),-H,O at 30°. 


Solid Solid 
Th(SO,),. MnSO,. _ phase. Th(SO,),. MnSO,. —_ phase. 
2-14 — 6-65 16-94 
3-03 1-41 5-82 19-86 
3-94 2-93 3-11 29-75 
4-69 4-54 A a2-58 39-82 | 
6-64 9-33 f2-17 38-47 ) B 
7-75 13-54 1-87 36-78 | 
*8-23 15-49 1-20 44-62 | 
*8-66 17-68 / 1-38 45-27 | 
7-91 13-79 A,B 0-50 54-59 ) 
0-135 65-67 B, C 
66-41 Cc 


* Metastable. 
A = Th(SO,),,8H,0; B = MnSO,,Th(SO,),,7H,O; C = MnSO,,5H,0. 


The Double Salt MnSO,,Th(SO,),,7H,O0.—For analysis and study of proper- 
ties, a quantity of double salt prep. as above was filtered off with suction, 
washed twice with cold H,O, and dried in air on a porous plate for 2 days. 
It was a pure white powder consisting of microscopic prisms. By gentle 
ignition, it lost all its H,O without other change, for when anhyd. it dissolved 
completely in H,O. After being heated to dull redness, it appeared pale 
pink when cold, but this change involved no loss of SO, since the product was 
still sol. in H,O [Found : MnSO,, 21-74; Th(SO,),, 59-98, 60-08, mean 60-03; 
H,O, 18:00; SOQ, 41-05; MnSO,: Th(SO,),: H,O = 1-000 : 0-983 : 7-012. 


















2420 BADHWAR AND VENKATARAMAN : THE CONDENSATION OF 


MnSO,,Th(SO,),,7H,O requires MnSO,, 21-53; Th(SO,),, 60°49; H,O, 17-97; 
SO,, 41-08%]. 

It is seen from the figure that the range of double-salt formation is large, 
the limits being MnSO, : Th(SO,), = 5:1 and 1360: 1. 

Thus the double salt cannot be crystallised from an equimol. solution of its 
component salts, nor recrystallised from water; its aq. solution yielded a 
mixture when evaporated at room temp. 

Since the purity of the double salt is proved by the analytical figures for 
H,0 and SQ,, it appears that the Th(SO,), is about 0-8% low, and the MnSO,, 
which depends upon it, corres»ondingly high. This is probably due to the 
slight solubility of the Th(IO,), in the liquid from which it is pptd. 


Summary. 

The double salt MnSO,,Th(SO,),,7H,O crystallises from aqueous 
solution at 30° in microscopic prisms. The limits of its formation 
are MnSQ, : Th(SO,), = 5:1 and 1360:1. Consequently the salt 
cannot be recrystallised from water. 


Royat TrcHnicat CoLLece, [Received, August 15th, 1932.] 
GLASGOW. 





355. The Condensation of a-Formylphenylaceto- 
nitriles with Phenols. Part II. 


By IsHwar ©. BapHwarR and KrIsHNASAMI VENKATARAMAN. 


THE Hoesch reaction between «-formylphenylacetonitrile, 
CHO-CHPh’CN (I), or its O-benzoyl derivative and resorcinol, 
phloroglucinol, or pyrogallol leads to 3-phenylcoumarins (Badhwar, 
Baker, Menon, and Venkataraman, J., 1931, 1541). In view, how- 
ever, of the possible formation of isoflavones, it appeared desirable 
to study the condensation in the case of other phenols. 

The nitrile (I) and hydroxyquinol triacetate (II) gave a small 
amount of 6 : 7-dihydroxy-3-phenylcoumarin, which was also prepared 
by condensing (II) with ethyl «-formylphenylacetate in presence of 
sulphuric acid. When a mixture of (II), benzoyloxymethylene- 
phenylacetonitrile (III), zinc chloride, and ether was saturated with 
hydrogen chloride, the main product obtained was 2; 4; 5-tri- 
hydroxyacetophenone, formed by (II) undergoing the Fries reaction ; 
Bargellini and Avrutin obtained the same ketone by heating (Il) 
with zinc chloride in acetic acid or chloroacetic acid solution (Gaz 
zetta, 1911, 40, ii, 342, 347), and similar is the formation of 4:6- 
diacetylresorcinol from resorcinol diacetate in an attempted Hoesch 
reaction (Badhwar and others, loc. cit.). No trace of 6; 7-dihydr- 
oxy-3-phenyleoumarin was isolated, the other products, of wl 
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determined constitution, being probably formed by oxidation of 
hydroxyquinol. 

The condensation of 8-naphthol with (IIT) gave 2-phenyl-3 : 4-8- 
naphthapyrone (IV) (Bartsch, Ber., 1903, 36, 1966) and a second 
substance (V), m. p. 242°, which was not the #-naphthaisoflavone 
(VI), synthesised by Baker, Pollard, and Robinson’s method (J., 


Ph Ph 
x 00S 
O 
(IV.) (VI.) (VIL.) 


1929, 1468). The substance (V) could not be the unknown coumarin 
(VII), as fusion with alkali and subsequent acidification led to (IV). 

When «-2-naphthoxymethylmandelonitrile (VIII) in ether was 
saturated with hydrogen chloride, the precipitate obtained yielded 


CPh-OH CPh-OH 
Nc” \cH, oc’ NOH, 


(VIIT.) CLY¥ = XY: (IX.) 


2-hydroxy-2-phenyl-1 : 4-8-naphthapyranone (IX), and hydrolysis 
of the ethereal portion led to the coumarin (IV) (compare the 
production of 7-methoxy-3-phenyleoumarin from methyl «-m- 
methoxyphenoxymethylmandelate ; Baker, Pollard, and Robinson, 
loc. cit.). 

EXPERIMENTAL, 

6 ; 7-Dihydroxy-3-phenylcoumarin.—A paste of hydroxyquinol triacetate 
(6-5 g.) and ethyl hydroxymethylenephenylacetate (5-0 g.) was treated with 
80% H,SO, (40 c.c.) in small portions, and the deep orange solution finally 
obtained was heated for 30 mins. at 80°, cooled, and poured into H,O (200 c.c.). 
Two crystns. of the ppt. from EtOH gave long, pale yellow needles, m. p, 242° 
(Found: C, 70-8; H, 4-1. C,,;H,O, requires C, 70:8; H, 39%). The pale 
yellow solution in H,SO, had a brilliant green fluorescence. The green- 
fluorescent alc. solution gave with FeCl, a brownish-green colour, turned 
dark brown by NH;. The substance dyed wool different shades of yellow 
with Al, Cr, and Sn mordants and greenish-grey with Fe. The diacetate 
crystallised from EtOH in colourless needles, m. p. 190—191° (Found: C, 
67-7; H, 4-3. C,,H,,O, requires C, 67-5; H, 4:1%). 

Condensation of hydroxyquinol triacetate (II) with a-formylphenylacetonitrile 
(1). A mixture of (II) (10 g.), (I) (5-7 g.), ZnCl, (3 g.), and anhyd. Et,O 
(60 c.c.) was saturated with HCl during several hrs. and left at 0° for 3 days, 
finally becoming deep red. The Et,O was decanted, and the semi-solid mass 
washed with dry Et,O and boiled with H,O (100 c.c.) in a current of CO, for 
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2 hrs. The residue, repeatedly cryst. from EtOH, gave long yellow needles 
(0-2 g.), m. p. 242°, of 6: 7-dihydroxy-3-phenylcoumarin. Needles of the 
unchanged nitrile (I) separated from the aq. filtrate on cooling. 

Condensation of Hydroxyquinol Triacetate (II) with Benzoyloxymethylene. 
phenylacetonitrile (III).—The reaction was carried out as in the preceding 
case, with (IT) (15 g.), (IIT) (14-7 g.), ZnCl, (4 g.), and dry Et,O (100 c.c.), the 
mixture being finally treated under reflux at 45° with HCl for 8 hrs. The 
orange-red solid was boiled with H,O (150 c.c.) for 3 hrs.; the yellow residue 
was (III). The filtrate deposited a brick-red substance (3-5 g.), which, cryst. 
several times from abs. EtOH-C,H, in an evacuated desiccator, gave long, 
golden-yellow, prismatic needles, m. p. 202° (Found: C, 56-7; H, 4-9. Cale. 
for C,H,0,: C, 57-1; H, 48%); acetyl derivative, m. p. 110° (Found: C, 
57-2; H, 4:8. Cale.: C, 57-1; H, 48%). -Bargellini (Gazzetta, 1913, 48, i, 
164) describes 2: 4: 5-trihydroxyacetophenone as garnet-red needles, m. p. 
200—202°; acetyl derivative, m. p. 110—111°. 

Condensation of Benzoyloxymethylenephenylacetonitrile (III) with B-Naphthol. 
—HC] was passed for 8 hrs. into a mixture of (III) (17 g.), 8-naphthol (10 g.), 
ZnCl, (4 g.), and dry Et,O (100 c.c.) at — 10°. After 3 days at 0°, the solid 
was collected, washed with dry Et,O, boiled with H,O (100 c.c.) for 2 hrs., and 
crystallised twice from EtOH; long, pale yellow needles (2-5 g.), m. p. 143— 
144°, were obtained (Found: C, 83-6; H, 4-6. Calc. for C,,H,,0,: C, 83-8; 
H, 4:5%). 2-Phenyl-3 : 4-8-naphthapyrone (IV) (Bartsch, loc. cit.) melts at 
142°. An alc. solution has a bright bluish-violet, and an H,SO, solution an 
intense green, fluorescence. 

The ethereal filtrate and washings were evaporated and the residue was 
boiled with H,O (100 c.c.) for 2 hrs. and crystallised 7—8 times from AcOH, 
colourless irregular plates (2-7 g.), m. p. 242°, being obtained (Found: (C, 
83-5; H, 4-9. C, .H,,0, requires C, 83-8; H, 45%), which displayed a 
bluish-green fluorescence in. H,SO, but none in EtOH. A mixture of the 
substance (1-2 g.) and Na (2:4 g.) was dissolved in the minimum amount of 
abs, EtOH and heated for 16 hrs. on the water-bath. The EtOH was removed, 
and the product dissolved in H,O (200 c.c.) and acidified; pale yellow needles 
(from EtOH), m. p. 143—144°, identical with (IV), were obtained. 

B-Naphthoxyacetophenone.—Solutions of w-bromoacetophenone (25 4g.) 
in acetone (25 c.c.) and of B-naphthol (26 g.) in 20% NaOH aq. (110 c.c.) were 
mixed slowly and heated for 30 mins. on the water-bath, the acetone distilled 
off, and the residue poured into H,O. The ppt. crystallised from EtOH in 
stout colourless needles (17 g.), m. p. 108° (Found : C, 82-3; H, 56. C,sH 0; 
requires C, 82-4; H, 5-4%). The orange solution in H,SO, has a green 
fluorescence. 

a-2-Naphthoxymethylmandelonitrile (VII1).—30% H,SO, was added during 
24 hrs. to a mixture of B-naphthoxyacetophenone (12 g.), Et,O (125 ¢.c.), KCN 
(14 g.), and H,O (60 c.c.), and after 24 hrs.’ stirring the ethereal layer was 
separated, washed with H,O, dried over MgSQ,, and evaporated; the residue 
crystallised from CHCI,-ligroin in stout colourless prisms (9 g.), m. p. 115— 
116° (Found: N, 5-0. C,,H,,;0,N requires N, 4-8%). 

2-Hydroxy-2-phenyl-1 : 4-B-naphthapyranone (IX).—HCl was led for 12 hrs. 
into a mixture of (VIII) (7-5 g.), ZnCl, (2 g.), and dry Et,O (50 c.c.) at 0° and 
after 3 days the liquid was decanted and the solid was washed with Et,0, 
boiled with H,O (150 c.c.) for 2 hrs., and crystallised from EtOH; cream- 
coloured, stout, prismatic needles (5-5 g.), m. p. 124°, were obtained (Found : 
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0, 78-6; H, 5-0. C,,H,,0, requires C, 78-6; H, 48%). The yellow solution 
in H,SO, has a green fluorescence, which becomes intense on standing. The 
ale. solution turns deep orange on addition of FeCl,. The behaviour with Na— 
Hg is exactly similar to that of 3-hydroxy-7-methoxyisoflavanone. Treatment 
with boiling Ac,O and pyridine gave the acetyl derivative, colourless needles, 
m. p. 125—126°, from aq. EtOH (Found : C, 75-9; H, 5-0. C,,H,,0, requires 
C, 75-9; H, 4-8%). 

The ethereal solution was evaporated: the residue, boiled with H,O and 
twice cryst. from EtOH, gave yellow needles (0-03 g.), m. p. 141—142°, of (IV). 

2-Phenyl-1 : 4-B-naphthapyrone (V1).—The naphthapyranone (IX) (3 g.) 
was dissolved in cold conc. H,SO, (20 c.c.) and, after 1 hr., poured on ice. 
The ppt. crystallised from dil. EtOH in colourless needles (2-9 g.), m. p. 129— 
130° (Found: C, 81-1; H, 4-7; loss at 150° after 6 hrs., 3-3. C,,H,,0,,4H,O 
requires C, 81:1; H, 4-6; H,O, 3-2%). The colourless solution in H,SO, has 
a sky-blue fluorescence, much less intense than that exhibited by the naphtha- 
pyranone (IX). 


One of the authors (I. C. B.) thanks the Trustees of the Punjab Research 
Fund for the award of the Rai Bahadur Ram Saran Das Scholarship. 


ForMAN CHRISTIAN COLLEGE, LAHORE. [ Received, August 3rd, 1932.] 





356. <An Investigation into the Formation of 4(5)- 
Aminoglyoxalines. Part II. The Non-reactivity 
of the Halogen Atom in 4(5)-Bromoglyoxaline- 
5(4)-carboxylic Acid. 

By IstporE E. BALABAN. 


Since 5(4)-bromo-4(5)-nitroglyoxaline (Balaban and Pyman, J., 
1924, 125, 1564) contains the halogen atom in the o-position with 
respect to the nitro-group, and is comparable with o-bromonitro- 
benzene in reactivity, it seemed of special interest to examine 
4(5)-bromoglyoxaline-5(4)-carboxylic acid (III), because of the 
analogy with o-bromobenzoic acid, where the halogen atom is in a 
highly reactive state (Hurtley, J., 1929, 1870; Hamilton and 
Ludeman, J. Amer. Chem. Soc., 1930, 52, 3284; Rosenmund, Ber., 
1921, 54, 438). 

King and Murch (J., 1923, 123, 621) anticipated this possible 
reactivity, for they intended to condense urea with (III). They 
were, however, prevented from making these experiments owing to 
the small yields of bromo-acid obtained. This difficulty has now 
been surmounted and the acid (III) can be readily obtained by the 
reduction of ethyl 2 : 5-dibromoglyoxaline-4-carboxylate (I) (Bala- 
ban and Pyman, J., 1922, 121, 955) with aqueous sodium sulphite 
and hydrolysis of the resulting ethyl 4(5)-bromoglyoxaline-5(4)- 
carboxylate (IT) : it is identical with the acid prepared by King and 
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Murch (loc. cit.), for a specimen of which the author desires to thank 


Dr. King. 
Br(-NH Br(-NH BrC-NH 
Br CH —> CH 
CO,Et-C—N?  — CO, Et NE 0,H-G—N7> 
(1.) (II.) (ITT.) 


All the attempted condensations with 4(5)-bromoglyoxaline-5(4)- 
carboxylic acid have proved fruitless. The acid is recovered un- 
changed in part or completely destroyed with potassium cyanide, 
sodium sulphite, sodium arsenite, and ethyl malonate in alcoholic 
solution. With copper—bronze no satisfactory product has been 
obtained, and with alcoholic or aqueous ammonia only the ammonium 
salt of the bromo-acid is formed. 

It would appear, then, that in the glyoxaline series a nitro-group 
renders a halogen substituent reactive, whereas carboxy] is without 
any effect; moreover, the effect of the benzenoid portion of the 
glyoxaline nucleus is nullified by the rest of the molecule, causing 
4(5)-bromoglyoxaline-5(4)-carboxylic acid to behave very differently 
from o-bromobenzoic acid in its reactions. 

Glyoxaline-4(5)-carboxyamide (IV), which is readily prepared by 
the interaction of ammonia with ethyl glyoxaline-4(5)-carboxylate, 


HC-NH BrC-NH 
H,N-CO-G—N? — BNCOG—N7e OE 
could not be converted by the Hofmann reaction into 4(5)-amino- 
glyoxaline, the initial material being recovered to the extent of about 
60°% and exhibiting a marked stability towards hypobromite solution. 
When the amide was brominated with bromine (1 mol.), the main 
product obtained was 2 : 5-dibromoglyoxaline-4-carboxyamide (V), 
which gave 2 : 5-dibromoglyoxaline-4-carboxylic acid on hydrolysis. 

Reduction of glyoxaline-4(5)-carboxyamide in acid solution with 
sodium amalgam gave a very small yield of 4(5)-hydroxymethyl- 
glyoxaline. 

Attempts to introduce an amino-group into the glyoxaline ring 
(glyoxaline or 5-chloro-1-methylglyoxaline being used) with sodamide 
in xylene solution proved unsuccessful. 


(IV.) 


EXPERIMENTAL. 


Ethyl 4(5)-Bromoglyoxaline-5(4)-carboxylate (II).—Ethyl 2 : 5-dibromo- 
glyoxaline-4-carboxylate (5-2 g.) and anhyd. Na,SO, (5-2 g.; 2 mols.) in H,O 
(30 c.c.) were boiled under reflux for 3—3-5 hrs., an oil separating. From the 
hot filtered solution, 1-7 g., m. p. 170°, were collected. The mother-liquor 
deposited further crops of material, which after repeated extraction with sat. 
NaHCO, aq. was resolved into the monobromo-ester (0-55 g., m. p. 170°) and 
unchanged dibromo-ester (0-80 g., m. p. 140—143°); yield, 58-9% or, allowing 
for recovered material, 69:6%,. 
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Hydrolysis of Ethyl 4(5)-Bromoglyoxaline-5(4)-carboxylate-—The ester 
(2-0 g.) was heated under reflux with HCl aq. (10 c.c.) and H,O (20 c.c.) for 
lhr., the free HCl removed, and the solution filtered and made alkaline with 
sat. Na,CO, aq. The unchanged ester (0-45 g.) was removed; neutralisation 
of the solution to Congo-paper with HCl aq. gave 1-1 g., m. p. 250° (efferv.), 
and a second crop (0-1 g., m. p. 250°, efferv.): yield, 69% or, allowing for 
recovered material, 88-8%. Recrystallised from aq., the acid had m. p. 253° 
(efferv.) and did not depress the m. p. (265°, efferv.) of King and Murch’s 
4(5)-bromoglyoxaline-5(4)-carboxylic acid. In various condensations the 
bromo-acid was recovered having m. p. 255° (efferv.) and after treatment with 
ethyl sodiomalonate it had m. p. 261° (efferv.). In all cases there was no 
depression of m. p. in admixture with Dr. King’s specimen. 

The bromo-acid (0-9 g.) and NH, (10 c.c. of aq. solution, d 0-880, or 20 c.c. of 
35% alc. solution), heated for 5 hrs. at 150° in a sealed tube, gave 0-46 g. of 
the ammonium salt; colourless prismatic needles, m. p. 259°, from H,O 
(Found: N, 20-2. C,H,O,N,Br requires N, 20-2%). 

Glyoxaline-4(5)-carboxyamide (IV).—Ethyl glyoxaline-4(5)-carboxylate (2-0 
g.) and NH, aq. (d 0-880; 20 c.c.) were heated in a sealed tube for 3—4 hrs. at 
150°. The pale yellow solution slowly deposited 1-1 g. of the amide; almost 
colourless tablets, m. p. 215°, from hot H,O (Found in air-dried material : loss 
at 100°, 14-5; N, 32-4. C,H,ON,,H,O requires H,O, 13-9; N, 32-5%). The 
picrate crystallised from H,O in yellow rectangular plates, m. p. 228° (Found : 
picric acid, by nitron method, 67:3. C,H,;ON;,C,H,0,N; requires picric acid, 
67-3%). 

Reduction of Glyoxaline-4(5)-carboxyamide.—When the amide was reduced 
in 15% EtOH with 2.5% Na-Hg, 60% of it was recovered, but in the presence 
of H,SO,, 3-0 g. of the amide gave 1-25 g., m. p. 214° (42% recovery), and 
0-58 g. of a picrate, m. p. 208° alone or mixed with 4(5)-hydroxymethyl- 
glyoxaline picrate (yield, 26-2% allowing for recovered amide). 

Bromination of Glyoxaline-4(5)-carboxyamide.—6-4 G. of Br (1 mol.) in 
CHCI, (10 c.c.) were added to 4-25 g. of the amide, partly suspended in CHCl, 
(30 c.c.). After 10 mins. H,O (50 c.c.) was added, and the CHCl, removed in 
vac.; the remaining liquor slowly deposited 3-13 g., m. p. 253° (decomp.) 
(yield, 30-3%), and on evaporation to dryness left a residue (5-74 g.), m. p. 
216° (efferv.), which was a mixture of hydrobromides. Fractional pptn. with 
Na,CO, gave (a) 1-79 g., m. p. 150° (efferv.); (6) 0-06 g., m. p. 212° (unchanged 
amide). Three recrystns. of (a) gave 0-27 g., m. p. 253° alone or mixed with 
4(5)-bromoglyoxaline-5(4)-carboxylic acid; the mother-liquors yielded alto- 
gether 0-61 g., m. p. 228°, of glyoxaline-4(5)-carboxyamide picrate. 

2 : 5-Dibromoglyoxaline-4-carboxyamide (V) crystallises from H,O (1 in 40 
parts boiling) in colourless needies, m. p. 256° (Found: N, 15-4; Br, 58-8. 
C,H,ON,Br, requires N, 15-6; Br, 595%). It is sparingly sol. in abs. EtOH 
and insol. in C,H,, CHCl,, and Et,0. On hydrolysis with HCI-H,0 (1 : 1-5), 
2: 5-dibromoglyoxaline-4-carboxylic acid is obtained, m. p. 225° alone or 
mixed with a specimen prepared from ethyl 2 : 5-dibromoglyoxaline-4-carb- 
oxylate (Balaban and Pyman, loc. cit.). When (V) is hydrolysed with conc. 
HCl, 2 : 5-dibromoglyoxaline (m. p. 193°) is produced. 


Messrs. May & BAKer Lrp., Lonpon, S.W.18. 
[Received, August 8th, 1932.] 
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357. The Structure of the Glutaconic Acids and 
Esters. Part IV. Some Cyclic Glutaconic Deriv- 
atives. 


By G. A. R. Kon and H. R. Nanazt. 


PREvious experiments (J., 1931, 560; this vol., pp. 1, 1027) lead to 
the conclusion that the chemistry of glutaconic acid derivatives is 
satisfactorily accounted for by the simultaneous occurrence of tauto- 
merism and stereoisomerism. It is of importance to determine the 
part played by each of these forms of isomerism in the development 
of what may be termed “‘ glutaconic character ” and therefore some 
glutaconic acid derivatives in which stereoisomerism is precluded by 
ring formation have been studied. 

Such compounds are the reduced isophthalic acids (Farmer and 
Richardson, J., 1926, 2127) and 3-methylcyclopropenedicarboxylic 
acid (Goss, Ingold, and Thorpe, J., 1923, 123, 327). In the com- 
pounds now to be described, two of the carbon atoms of the propene 
chain are part of a five- or a six-membered ring and they are there- 
fore comparable with an «$-disubstituted glutaconic acid derivative : 


H-CO,H R-CH-CO,H 
(CH s<C0H-CO,H R’-C:CH-CO,H 
(-CO,H R-C-CO,H 
(CH2)<6.CH,-CO,H R’-C-CH,-CO,H 


The compounds themselves are obtained by an extension of 
Rogerson and Thorpe’s synthesis of cyanoglutaconic esters (J., 1905, 
87, 1669) to cyclic acetoacetic esters. Ethyl cyclopentanone-2- 
carboxylate condenses with ethyl cyanoacetate in presence of 
piperidine or potassium ethoxide, giving a good yield of an ester the 

H-CO,Et . C:CO,Et 

7) (CHa <e:cen}-co,Et  (CH2<6.cH(cN)-co,Et 
reactions of which show that, unlike the analogous ethyl «-cyano- 
Gy-dimethylglutaconate similarly obtained from ethyl methylaceto- 
acetate, it is not an equilibrium mixture of (I) and (IT) (n = 3) but 
consists solely of the latter. For instance, it gives on oxidation with 
ozone a diketonic ester, CO,Et-CO-(CH,),*CO-CH(CN)-CO,Et, no 
trace of the easily recognisable ethyl cyclopentanone-2-carboxylate 
being formed. 

Like the corresponding open-chain ester, the ester (II; = 3) 
readily forms a potassio-derivative, even with 10% aqueous alkali, 
and is therefore more acidic than ethy] «-cyano-fy-dimethylglutacon- 
ate and is comparable with ethyl «-cyano-$-methylglutaconate. 
The potassio-derivative has the metal attached to the cyanoacetic 
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residue, since on treatment with methy] iodide it gives the «-methyl 
derivative (III) and this on treatment with sodium ethoxide loses a 
carbethoxyl! group and passes into the nitrile (IV); the nitrile, unlike 
the majority of unsaturated nitriles studied (compare Kandiah and 
Linstead, J., 1929, 2139; Letch and Linstead, this vol., p. 443), 
appears to be a pure By-unsaturated compound : 


C-CO,Et C-CO,Et 
(Hl) —> (CHa <E.c(N)-CO EK — (CHa<G.cMe(CN)-CO,Et 
(IIT.) 
C-CO,Et C-CO,H 7 
WY) (CHs)n<6.CHMe-CN CHs)<6.CH;-CO,H “” 


On acidification with benzoic acid in presence of a neutral solvent 
or with mineral acid in presence of water the potassio-derivative 
regenerates the pure ester (II), which evidently has no tendency to 
pass into the modification (I). 

The hydrolysis of the ester (IT) has been carried out with acid and 
with alkaline reagents. The former produce a mixture of the non- 
nitrogenous acid (V; n = 3) and a substituted pyridine derivative, 
to which the formula (VI; » = 3) has been assigned ; hydrolysis with 
alkali leads to the production of a pyridine derivative (VII; » = 3) 
probably formed from (VI) by decarboxylation; the acid (V) is not 
formed in this case. 


C-CO,Et me 
No: 

(VI.) (Cah — (CHa) <i > OH (vir) 
GOH &-OH 


Both the methylated ester (III) and the nitrile (IV) give pyridine 
derivatives on hydrolysis, no nitrogen-free acid having been obtained 
up to the present. 

The cyclic glutaconic acid (V) is a definite individual compound, 
unaccompanied by any trace of an isomeride; it is unaffected by 
prolonged boiling with alkalis or acids. The ester, whether prepared 
through the silver salt or merely by boiling the acid with alcoholic 
sulphuric acid, is also an individual compound of the structure 
(VIII; » = 3), as shown by the nature of the product obtained on 
oxidation with ozone. The ester is completely unaffected by pro- 
longed treatment with sodium ethoxide, the recovered ester having 
the same physical properties and giving the same individual oxidation 
product as the initial material; addition of the elements of ethy! 
aleohol does not occur in 24 hours, no trace of a high-boiling fraction 
being formed. 

The ester forms a potassio-derivative which can be converted into 
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the methylated ester (IX; n= 3) by means of methyl iodide; 
methylation in alcoholic solution is not quite complete. 


C-CO,Et t 
(VIII.) (CHy)s< 8.600, Et (CHyn<feorint ane HMe-Co,Et 


The ester thus behaves like a typical disubstituted glutaconic 
ester. 

The acid (V) does not react with acetyl chloride, but is converted 
by boiling acetic anhydride into an acidic anhydride which gives an 
intense colour with ferric chloride in the manner characteristic of the 
hydroxy-anhydrides of typical glutaconic acids. The structure of 
this compound is, however, abnormal : it has the formula C,)H,,0,, 
not C,H,O;, agreeing with the composition of an acetyl anhydride, 
but on treatment with aniline it gives a compound which appears to 
be C,,H,,0,N. The anhydride C,,H,,0, is accompanied by one of 
the ordinary type, because a small amount of the corresponding 
semianilide has been isolated from the liquid portion of the dehydr- 
ation product on treatment with aniline. 

Little need be said of the analogous cyclohexane derivatives, which 
are very similar to the lower homologues. The original cyano-ester, 
the non-nitrogenous acid and its ester (II, V, and VIII; = 4) are 
pure individual compounds, static in the By-form. The cyano-ester 
is acidic and is readily methylated on the «-carbon, the new ester 
(II1; » = 4) losing the carbethoxyl group to form the nitrile (IV; 
n = 4), which also has the By-structure. The non-nitrogenous ester 
forms a potassio-derivative and can be alkylated. 

The nitrogenous compound (VIL; » = 4) formed in the hydrolysis 
of the cyano-ester is less stable than the lower homologue and the 
acid is consequently obtained in much better yield. The preparation 
of the compound (VII) constitutes a new synthesis of an isoquinoline 
derivative. 

The cyclic glutaconic acid (V ; n = 4) differs from its lower homo- 
logue in melting with decomposition and in forming a hydroxy- 
anhydride which has the expected structure (X) : 


CH, CO CH, C-OH 
an 
or, less probably, H/o ? 


HC S: ‘OH H.C. Cy 20 
YZ 
(X). ‘fr, H Ng CH 


This compound has not been obtained pure, but it is sufficiently 
characterised by the crystalline semianilide obtained from it; on 
treatment with strong alkali, followed by acidification, the anhydride 
reverts to the acid (V). 

The cyclic glutaconie acid derivatives now described, although 
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incapable of stereoisomerism, nevertheless exhibit the characteristics 
usually associated with true glutaconic acids and esters. They do 
not appear to occur in two forms differing in the position of the double 
bond, all the compounds examined being By-unsaturated. 

In this connexion it is clear—and was only to be expected a priori 
—that the existence of «$- and Sy-unsaturated modifications in the 
glutaconic acid series is a question of the relative stability of these 
forms; the probability of their occurrence must increase with the 
increasing symmetry of the molecule. As an example of this may be 
cited the failure of Gidvani, Kon, and Wright (this vol., p. 1027) to 
obtain an individual ester from «-methyl-y-ethylglutaconic acid in 
spite of all precautions and the employment of a technique which 
had proved successful with the less symmetrical «-benzyl-f-methy]- 
glutaconic esters. The compounds now studied provide an example 
of the opposite state of affairs, although it is not obvious why the 
inclusion of the B- and the y-atom of the propene chain in a ring 
should stabilise the By-form to the complete exclusion of the «®. 
The same phenomenon has previously been observed to a less degree 
in simpler unsaturated compounds and still awaits a satisfactory 
theoretical explanation. 


EXPERIMENTAL, 

Ethyl 2-Carbethoxy-A}-cyclopentenyleyanoacetate (II; n = 3).—A mixture of 
ethyl cyclopentanonecarboxylate (56 g.) (Dobson, Ferns, and Perkin, J., 1909, 
93, 2015), ethyl cyanoacetate (38 g.), and a few drops of piperidine was kept for 
2 days and then warmed on the steam-bath for 4—5 hrs. The oil produced 
was washed (dil. HCl) and dried in Et,O and fractionated; the new ester (50% 
yield) boiled at 188°/16mm. A somewhat better yield (59%) was obtained by 
adding to an ice-cold solution of K (13 g.) in 90 c.c, of dry EtOH first the ethyl 
cyanoacetate and then, slowly, the ketonic ester, The mixture was kept in 
ice and then at room temp. for 2 days, treated with dil. acid, and worked up 
as before. The pure ester had d?}” 1-129, n?””” 1-4838, [R,]p 64-58 (Found: ©, 
61-9; H, 6-9. C,,;H,,0,N requires C, 63-1; H, 6-8%), and was readily con- 
verted into a cryst. yellow K compound by 10% KOH aq. or by KOEt. 

Ozonisation. Treatment with ozonised oxygen in dry AcOEt at 0°, removal 
of the solvent, and shaking with H,O over-night gave a product, which was 
washed in Et,0 with NaHCO, aq. and distilled; b. p. 150—190°/30 mm., no 
low fraction corresponding to ethyl cyclopentanonecarboxylate being obtained. 
The oil gave a deep purple colour with FeCl, and formed a sparingly sol. 
diphenylhydrazone, scales, m. p, 256° (decomp.), from much EtOH (Found; 
C, 643; H, 61. C,;H,,O,N, requires C, 64-7; H, 62%). The ester was 
therefore ethyl a-cyano-Be-diketosuberate. 

Regeneration of the Cyano-ester from the Potassio-derivative,—The ester was 
added to a suspension of KOEt, freed from EtOH, in dry Et,0 (compare Kon 
and Nanji, J., 1931, 560) and the gelatinous potassio-derivative was filtered 
off, suspended in dry Et,O, and shaken with a slight deficiency of dry PhrCO,H 
for 3 days. After removal of Ph'CO,K the Et,0 was evaporated off; the 
residue, b, p. 190—191°/18 mm., had di?!” 1-123, nj} 14839, [Rz]p 64:57 and 
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therefore consisted of unchanged initial material; it gave the same product on 
ozonisation. 

Ethyl a-Cyano-a-2-carbethoxry-A!-cyclopentenylpropionate (III; n = 3).—The 
potassio-derivative of the cyano-ester, prepared as described above but not 
isolated, was refluxed with Mel, a 90% yield of the methylated ester being 
obtained, b. p. 177—178°/17 mm., d®”” 1-0704,n®”” 1-4737, [R,]p 69°57 (Found: 
C, 63-2; H, 7-3. C,,H,,0,N requires C, 63-4; H, 7-2%). 

Ozonisation. The methylated ester was treated as described on p. 2429. The 
neutral oxidation product boiled entirely between 140° and 170°/16 mm., 
except for a small high fraction of unoxidised initial material; it gave with 
FeCl, a faint colour due to a trace of the parent ester (II). The main fraction 
gave a diphenylhydrazone, small plates, m. p. 217—218°, from EtOH (Found : 
C, 64:9; H, 6-4; N, 14-4. C,,H,,0,N, requires C, 65-3; H, 6-3; N, 148%), 
and was evidently ethyl a-cyano-Be-diketo-a-methylsuberate. 

a-2-Carbethory-A'-cyclopentenylpropionitrile (IV ; n = 3).—The methylated 
ester, dissolved in a little EtOH, was added to the calc. quantity of Na dissolved 
in 12 parts of EtOH; after 24 hrs. the mixture was poured into dil. HCl and 
extracted with Et,0. From the washed and dried extract, Et,CO, was ob- 
tained by distillation, and then the nitrile, b. p. 151°/20 mm., d??" 1-0477, n}” 
1-4729, [Rz}p 51-70 (cale., 51-57) (Found: C, 68-4; H, 7-7. C,,H,,;0,N 
requires C, 68-4; H, 7-8%). 

Ozonisation. Thesole product was an oil, b. p. 150—160°/19 mm. ; this gave 
a violet colour with FeCl, and was characterised by the formation of a diphenyl- 
hydrazone, small plates, m. p. 210—211°, from EtOH (Found: C, 68-0; H, 
6-6. C,,H,,0,N, requires C, 68-1; H, 6-7%), and a semicarbazone, m. p. 242° 
(decomp.); it was evidently ethyl &-cyano-Be-diketo-octoate. No trace of ethyl 
cyclopentanonecarboxylate could be detected. 

Hydrolysis of the Cyano-ester (I1).—(i) With potassium hydroxide. The ester 
(7 g.) was refluxed with 4-7 g. of KOH in MeOH for 24 hrs., the solution evapor- 
ated to dryness, and the residue treated with dil. HCl. The solid obtained, 
recryst. from AcOH, had m. p. 258° (darkening) and appeared to be (VII; 
n = 3) (Found: C, 63-5; H, 5-9. C,H,O,N requires C, 63-6; H, 5-9%); it 
formed a hydrochloride (unstable in moist air), dissolved in alkalis and alkali 
carbonates, forming blue solutions, and gave with FeCl, a violet colour which 
gradually faded. 

(ii) With hydrochloric acid. The ester was boiled with conc. HCl (4 vols.) 
until it had dissolved (2-5 hrs.). On cooling, a solid separated : from this, the 
acid (V; nm = 3) was extracted with dil. Na,CO, aq., leaving the pyridine deriv- 
ative, which constituted the greater part of thesolid. A further small quantity 
of the acid was obtained by extracting the acid mother-liquor with Et,0. The 
pyridine derivative, which was almost insol. in the usual solvents, was re- 
crystallised from AcOH; m. p. 241° (decomp.); a solution of it in much 
boiling EtOH gave a bluish-violet colour with FeCl, and reduced ammoniacal 
AgNO,. It appears to be (VI; nm = 3)(Found: C, 58-9; H,5-9. ©,,;H,,0.N 
requires C, 59-2; H, 5-8%); the benzoyl derivative had m. p. 80—100°. 

(iii) With sulphuric acid. The ester was mixed with conc. H,SO, (1 vol.) and 
kept over-night. After addition of H,O, an amorphous solid separated from 
the hot solution, and silky needles on cooling. The insol. compound was the 
pyridine derivative, m. p. 241°, already described. The second compound, 
m. p. 89°, which was readily extracted by hot H,O, was probably ethyl 2-carb- 
oay-A}-cyclopentenylmalonamate, since it was further hydrolysed to the acid 
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(V) by HCl aq. (Found: C, 58-1; H, 7-2. C,s3H,,0,;N requires C, 58-0; H, 
71%). 

2-Carboxry-A'-cyclopentenylacetic acid (V; n = 3), obtained from the cyano- 
ester as described above, crystallised from H,O in long needles, m. p. 187° 
(Found: C, 56-0; H, 5-9. C,H, 0, requires C, 56-4; H, 5-9%). The ethyl 
ester (VIII; n = 3), prepared through the Ag salt, had b. p. 155°/20 mm., d?’”” 
1-0662, n7)" 1-4694, [R,]p 59-10 (calc., 58-02). 

Ozonisation. The above ester gave as sole product an oil boiling almost 
completely between 130° and 140° and giving a deep purple colour with FeC\, ; 
this was evidently ethyl Be-diketosuberate, which was characterised by its 
phenylhydrazine derivative, plates, m. p. 126°, apparently a phenylhydrazido 
pyrazolone (Found : C, 67-1; H,6-4. C,H.,O,N, requires C, 67-3; H, 6-1%); 
it also gave a semicarbazone, m. p. 254°. No trace of ethyl cyclopentanone- 
carboxylate, ethyl glyoxylate, or oxalic acid was isolated. 

Action of sodium ethoxide. The ester was added to Na (1 equiv.) dissolved 
in 12 parts of dry EtOH and kept at 25° for 24 hrs. The ester was then re- 
covered by addition of H,O and dil. AcOH and extraction with Et,0; it boiled 
at 160°/25 mm. to the last drop, had d?” 1-0667, n}}” 1-4696, and on ozonis- 
ation gave the same individual product as the initial material, no trace of ethyl 
cyclopentanonecarboxylate being formed. 

Methylation. The ester reacted vigorously with the theo. amount of 
“molecular ’’ K suspended in C,H,, an orange potassio-derivative being 
formed; after 12 hrs., this was refluxed with an excess of Mel for 3 hrs. The 
ester isolated was ethyl 2-carbethoxy-A'-cyclopentenylpropionate (IX; n = 3), 
b. p. 149—150°/13 mm., d%” 1-0486, n?* 1-4692, [R,]p 63-80 (cale., 62-64) 
(Found: C, 65-2; H, 8-4. C,3H,.0, requires C, 65-0; H, 83%). This was 
also prepared by refluxing the parent ester with alc. NaOQEt (1 equiv.) with an 
excess of MeI until neutral (3 hrs.). The action was not quite complete in 
either case, because the acid obtained by alkaline hydrolysis contained a small 
amount of the parent acid (V); aiter repeated crystn. from C,H, and finally 
from H,O, it formed thick prisms, m. p. 151° (Found: C, 68-2; H, 6-5. 
C,H,,0, requires C, 68-7; H, 65%). 

Hydroxy-anhydride. The acid was boiled with Ac,O (3 parts) for 3 hrs., and 
the reagent distilled from the dark red product under reduced press. The 
residue was repeatedly crystallised from C,H,—petroleum, but could not be 
freed from a purplish-blue tinge; it formed flattened needles, m. p. 150° 
(Found : C, 61-8, 61-8; H, 5-1,5°0. C,9H, 0, requires C, 61-8; H, 5-2%). The 
compound gave a fine violet colour with FeCl, and immediately dissolved in 
alkalis; on titration it behaved approximately as a monobasic acid, but the 
end-point was unsatisfactory. It was not reconverted into the original acid 
on more prolonged treatment with alkalis. On treatment with NH,Ph in 
C,H, it formed a sparingly sol. anilic acid, small prisms (from EtOH), blacken- 
ing at about 240° but not melting below 300° (Found: C, 71-0; H, 5-5. 
C,4H,,0,N requires C, 71-4; H, 56%). If the mother-liquors from the 
purification of the anhydride were used for the preparation of the anilic acid, 
the latter was accompanied by a much more sol. compound, forming fine 
flattened needles (from dil. EtOH), m. p. 172°, which appeared to be thé true 
semianilide of the acid (V) (Found: C, 68-8; H, 6-3. ©,,H,,0,N requires C, 
68-6; H, 6-1%). 

Hydrolysis of the Ester (IIL; n = 3).—Hydrolysis with KOH, H,S0,, or 
HCl gave as the sole product a pyridine derivative, m. p. 252° after cryst. from 
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AcOH (Found: C, 65:2; H, 6:8. C,H,,0,N requires C, 65-5; H, 66%). 

This gave a red colour with FeCl,, reduced ammoniacal AgNO,, dissolved in 

alkalis with a blue colour, and formed a hydrochloride, needles, m. p. 200°, 

which was decomposed by H,O with formation of the base, The latter is 

evidently represented by the formula "aaa sagen Tinta? 
CH,°C:C(OH)-N 

Attempts to prepare an Isomeric Methylated Ester.—Ethyl 2-methyleyelo. 
pentanonecarboxylate was treated with ethyl cyanoacetate and piperidine or 
KOEt, but no condensation took place either in the cold or on heating. 

Ethyl 2-Carbethory-A'-cyclohexenyleyanoacetate (II; n = 4).—Ethyl cyclo. 
hexanonecarboxylate (Kétz and Michels, Annalen, 1906, 350, 210) was con- 
densed with ethyl cyanoacetate as described on p. 2429; the yields were poor, 
18% with piperidine and 38% with KOEt. _ The ester had b. p. 190—191°/ 
19 mm., d?” 1-0889, n?” 1-4897, [R;]p 70°36 (Found: C, 63-3; H, 7-2. 
C,,H,,0,N requires C, 63-4; H, 7-2%). 

Ozonisation (see p. 2429). The sole product, b. p. 160—180°/16 mm., gavea 
violet colour with FeCl, and formed a diphenylhydrazone, sparingly sol. plates, 
m. p. 246°, from EtOH (Found: C, 65-1; H, 6-1. C,,H;,0,N, requires C, 
65-4; H, 64%); it was evidently ethyl a-cyano-BC-diketoazelate. No trace of 
ethyl cyclohexanonecarboxylate could be isolated. 

Ethyl a-Cyano-a-2-carbethoxry-A}-cyclohezenylpropionate (III; n = 4).—The 
cyano-ester forms a sodio-derivative, from which it is recovered unchanged by 
acidification as described on p. 2429, and treatment of which with Mel (p. 2430) 
gives a 90% yield of the methylated ester, b. p. 186°/17 mm., d%" 1-0631, nf” 
1-4774, [R;}p 74°69 (Found: C, 64-2; H, 73. C,,H,,0,N requires C, 64-5; 
H, 7:5%). 

Ozonisation. The sole product, b. p. 150—170°, gave no colour with FeCl,; 
it formed a diphenylhydrazone, small plates, m. p. 206°, from EtOH (Found: 
C, 65-5; H, 6-5. C,,H,,0,N, requires C, 65-9; H, 6-9%). It was evidently 
derived from ethyl a-eyano-BC-diketo-a-methylazelate. 

a-2-Carbethoxy-A}-cyclohexenylpropionitrile (IV ; n = 4), prepared from the 
methylated cyano-ester as described on p. 2430, had b. p. 162°/19 mm., d?” 
1-0340, n?" 1-4852, [R; ]p 57-43 (Found : C, 69-2; H,8-2. C,,H,,0,N requires 
C, 69-5; H, 82%). 

Hydrolysis of the Cyano-ester (Il; n = 4).—({i) With potassium hydroxide (see 
p. 2430). The ésoquinoline derivative (VII ; n = 4) obtained, m. p. 206° (Found: 
O, 65-1; H, 6-8. C,H,,0,N requires C, 65-5; H, 6-5%), gave a faint reddish 
colour with FeCl,. 

(ii) With hydrochloric acid (see p. 2430). The hydrolysis was distinctly slower 
in this case and the whole of the solid hydrolysis product was sol. in Na,CO, aq. 
and consisted of the acid (V; » = 4) although a small amount (perhaps 5% of 
the ester hydrolysed) was recovered as the isoquinoline derivative, m. p. 206°, 
on evaporation of the acid mother-liquor. 

(iii) With sulphuric acid (see p. 2430). The solid product consisted entirely 
of ethyl 2-carboxy-A}-cyclohexenylmalonamate, needles, m. p. 167—168°, from 
AcOEt-C,H, (Found: C, 59-0; H, 7-2. C,H,,0,;N requires C, 59-3; H, 
7:°3%). Asmall amount of the acid (V; n = 4) was recovered by extracting 
the mother-liquors, remaining after the separation of the amide, with Et,0; 
no isoquinoline derivative appeared to be formed. 

2-Carboay-A}-cyclohexenylacetic ‘Acid (V; n = 4).—The acid, obtained 45 
described above, crystallised from H,O in clusters of needles, m. p- 166° 
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(decomp.) (Found: C, 58-5; H, 6-6; M, dibasic, 184-6. C,H,,0, requires 
C,68-7; H,6-5%; M, 184-1). Theethylester(VIIL; n = 4), prepared through 
the Ag salt, had b. p. 162°/20 mm., d?”” 1-0634, n?)” 1-4746, [R;,]p 63°53 (calc., 
62-64) (Found : C, 64-8; H, 8-1. C,,H, 0, requires C, 65-0; H, 8-3%). 

Ozonisation. The ester gave as sole product an oil, b. p. 145—155°/21 mm., 
which developed a purple colour with FeCl, and formed a phenylhydrazine 
derivative, plates, m. p. 172°, analogous to that obtained from the lower 
homologue (Found : C, 67-5; H,6-6. C,3;H.,0,N, requires C, 67-9; H, 6-4%), 
and a semicarbazone, m. p. 248°; it was evidently ethyl B&-diketoazelate. No 
ethyl cyclohexanonecarboxylate, ethyl glyoxylate, or oxalic acid was detected. 

Methylation. This was carried out with “‘ molecular ’’ K as described on 
p. 2431; the new ester (IX; nm = 4) had b. p. 158°/17 mm., d?” 1-0527, nj)” 
1-4752, [Ry |p 67-99 (calc., 67-26) (Found : C, 66-3; H, 8-4. C,H, 90, requires 
C, 66-1; H, 86%). The ester was hydrolysed to the acid, which was re- 
crystallised from C,H,-petroleum. From the less sol. portion, a small amount 
of the parent acid was isolated; the new acid crystallised in fine clusters of 
flattened needles, m. p. 136—137° (Found: C, 60-5; H, 7:3. Cy HO, re- 
quires, C, 60-6; H, 7-:0%). 

An attempt was made to prepare this acid by the hydrolysis of the methy]- 
ated nitrile (IV; nm = 4) with HCl aq. as described on p. 2430.. The product 
separated as a solid on cooling and was recrystallised from C,H,; the greater 
part formed fine needles, m. p. (indefinite) 172°, and still contained N (Found : 
C, 51-9; H, 7-2. CyH,,0;N requires C, 51-9; H, 7-4%); none of the acid 
(V; n = 4) appeared to be formed. 

Hydroxy-anhydride (X).—The acid (V; m = 4) was recovered unchanged 
after treatment with AcCl even in a sealed tube, but the dehydration was 
readily carried out as described on p. 2431; on removal of the Ac,O the residue 
did not solidify and was therefore distilled under reduced press. The principal 
fraction, b. p. about 177°/6 mm., was contaminated by a coloured impurity and 
did not solidify, but its reactions showed that it consisted for the most part of 
the desired hydroxy-anhydride: it gave a fine violet colour with FeCl,, be- 
haved approximately as a monobasic acid on titration, and reacted with NH,Ph 
in C,H,, forming the semianilide of the acid (V; nm = 4), flattened needles, 
m. p. 135—136°, from dil. EtOH (Found: C, 69-1; H, 6-6. C,,;H,,0,N 
requires C, 69-5; H, 6-5%). On treatment with 25% KOH aq., followed by 
acidification, the hydroxy-anhydride yielded the original acid unaccompanied 
byanyothercompound. Nosecond anhydride, corresponding to the compound 
Ci9H 90, (p. 2431), was obtained in this expt. 


The condensation of ethyl cyanoacetate with ethyl cyclopentanonecarboxyl- 
ate was partly carried out by Dr. W.8.G.P. Norris. The authors thank the 
Royal Society and the Chemical Society for grants. 


[Received, June 2nd, 1932.] 
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358. The Structure of the Glutaconic Acids and 
Esters. Part V. a-Benzyl- and a-Benzyl-p- 
methyl-glutaconic Acids. 

By G. A. R. Kon and E. M. Warson. 


THE structures of the two isomeric «-benzyl-8-methylglutaconic 
acids, the stable forms of which are, respectively, the cis-«8 (I) and 
the trans-By (II) isomeride, have been established (this vol., p. 1). 

(I.) CH,Ph-C-CO,H CO,H-CH(CH,Ph)-CMe (I1.) 

MeC-CH,°CO,H HC-CO,H 

The object of the present work was to prepare the other two 
possible isomerides: the interconversion of the.two stable forms 
has also been investigated and their reactions compared with those 
of the corresponding acids without a 8-substituent. 

The method of synthesising the two stereoisomeric fy-esters 
already indicated (Joc. cit.) is based on the supposition, since verified by 
further experiments, that an ester such as ethyl B-methylglutaconate 
forms a potassio-derivative without change of configuration. This 
follows because the ester is recovered unchanged on acidification and 
then gives on hydrolysis the pure individual acid from which it was 
derived. The potassio-derivative can be converted into an alkyl 
derivative which must be the Sy-unsaturated ester: e¢.g., the cis- 
and the trans-form of ethyl «-benzyl-8-methylglutaconate should 
be formed from the two isomeric 8-methylglutaconic esters. 

Benzylation is slow unless heat is applied, and this leads to 
considerable isomerisation. The operation, however, can be con- 
ducted at room temperature and completed by addition of a more 
active alkylating agent such as methyl iodide; the product is a 
readily separable mixture of «-methyl and «-benzy] esters. 

Ethyl trans-8-methylglutaconate has thus been benzylated, giving 
an ester identical with that obtained by esterification of the acid (II). 
Similar treatment of ethyl cis-6-methylglutaconate leads to an 
ester of appreciably different physical properties (notably a lower 
refractive index). Oxidation with ozone shows that both esters are 
pure Sy-unsaturated esters, but whereas the trans-ester is hydrolysed 
by dilute hydrochloric acid to the pure trans-acid (II) the cis-ester 
on similar treatment is converted into the cis-«f-acid and not into 
the still unknown cis-By-acid. This change provides a striking 
example of a change of structure without change of configuration. 

The opposite type of transformation, from the cis-«8-acid to a new 
isomeride, the trans-«f-acid, has been achieved by ultra-violet 
irradiation, the change of configuration being analogous to the changes 
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of the stable cinnamic acid derivatives into their allo-modifications 
(compare Stoermer, Grimm, and Laage, Ber., 1917, 50, 966). The 
new acid melts without decomposition 10° higher than its isomeride 
and is characterised by a soluble barium salt; it is comparatively 
unstable, being quickly converted by acids into the cis-form. It has, 
however, been converted into the ester, which has a higher density 
than any of its isomerides and on ozonisation gives the products to 
be expected from a pure «$-ester. 

All the four possible «-benzyl-8-methylglutaconic esters have thus 
been prepared, and three out of the four possible acids. All attempts 
to convert the trans-By-acid into a cis-form by irradiation have been 
unsuccessful. 

The two stable acids in this series are readily interconvertible 
and this conversion has been studied in some detail. The two acids 
can be quantitatively separated by means of their barium salts. 
Acids convert the trans-By-acid into the cis-«8, and alkalis have the 
reverse effect, the change being apparently complete in each case. 

Such a result is interesting and unexpected, for in many tautomeric 
substances examined in these laboratories the position of equilibrum 
is independent of the equilibrating agent used. The nature of this 
equilibrium must, in the present instance, depend on a combination 
of several factors which are variously affected by the nature of the 
catalyst. Concentrated hydrochloric acid, which is frequently 
employed to convert cis- into trans-isomerides, actually converts 
the trans-acid into the cis-form. Dilute hydrochloric acid has, 
apparently, no effect on the trans-acid and can be used to hydrolyse 
its ester. On the other hand, even very weak (2-5%) alkali causes 
isomerisation of the cis-acid: experiments conducted under Lin- 
stead’s standard conditions (J., 1927, 2579) indicate that the mobility 
of this acid is approximately 15. 

It was suggested in our previous paper (loc. cit.) that the potassio- 
derivative obtained from either the cis-«- or the trans-By-ester is 
probably a derivative of the «$-ester and that the small amount of 
benzylidene ester formed is produced from it at the moment of 
acidification by the further migration of the proton. The methy]- 
ation of the potassio-derivative has now been examined; and the 
new ester gives, on ozonisation, ethyl methylacetoacetate and ethyl 
pyruvate, without any trace of benzaldehyde. It can therefore be 
concluded that the potassio-derivative has, as originally anticipated, 
the structure (III) and the methylated ester must be (IV), 


(III) CO,Et-C(CH,Ph):CMe-CHK-CO,Et 
(IV.) CO,Et-C(CH,Ph):CMe-CHMe-CO,Et 


and that the formation of the benzylidene ester must be regarded as 
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taking place as suggested above. The methylation is not complete 
and the pure acids corresponding to the ester (IV) have not yet been 
obtained. The benzyldimethyl ester has also been prepared by 
the benzylation of «$-dimethylglutaconic ester. This should give 
rise to the isomeric fPy-ester, CO,Et-CH(CH,Ph)-CMe:CMe-CO,Et; 
the product isolated does consist very largely of this ester, but also 
contains a certain amount of the ester (IV). 

We have also extended the investigation to the «-benzylglutaconic 
acids. Two isomeric acids are known, the trans-acid, m. p. 154°, 
and the “labile” acid, m. p. 139°, prepared by Thole and Thorpe 
(J., 1911, 99, 2208); there is no record in the literature of any 
attempt to establish the structure of these compounds. 

The higher-melting acid has now been oxidised with permanganate, 
giving oxalic acid and benzaldehyde. The latter is evidently formed 
by the oxidation of the phenylated acid (probably benzylmalonic) 
originally formed, a change frequently observed in similar cases 
(compare Michael and Garner, Amer. Chem. J., 1906, 35, 265), 
and the acid therefore has the #y-structure (V). Similarly, the 
ester obtained from it is practically the pure fy-compound, giving 
ethyl glyoxylate (and oxalic acid) and ethyl formylbenzylacetate 
as the chief products of ozonisation. 

The isomeric cis-acid melts at 149—150° when pure, but mere 
crystallisation from water is sufficient to cause partial isomerisation 
to a eutectic mixture, m. p. 139°, evidently identical with Thole and 
Thorpe’s “labile” acid. The pure eis-acid gives no trace of oxalic 
acid on oxidation with permanganate and, if suitable precautions 
are taken, the formation of phenylpyruvic acid can be clearly 
demonstrated. The cis-acid, therefore, has the «$-structure (VI) 
and it is safe to infer that the hydroxy-anhydride has the double 
bond in the same position. 


CO,H-CH(CH,Ph)-CH:CH-CO,H CO,H-C(CH,Ph):CH-CH,°CO,H 
(V.) (VI.) 

This conclusion had already been reached by Thole and Thorpe 
(loc. cit.), who isolated oxalic acid on oxidation with permanganate. 
This, together with benzaldehyde, has also been obtained in the 
present work. Neither product, however, definitely establishes the 
structure of the hydroxy-anhydride, because the oxidation is carried 
out in alkaline solution in which both products could be obtained 
from either form. 

The mobility of this acid is so high that it is impossible to esterify 
it without isomerisation; the ester obtained consists mainly of the 
By-ester, but contains some «f and a certain amount of «-benzylidene- 
glutaric ester, CO,Et-C(:CHPh)-CH,°CH,’CO, Et, evidently produced 
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from the «f-ester. A similar mixture of esters is obtained when the 
gy-ester is converted into its potassio-derivative and this is treated 
with benzoic acid or a mineral acid ; the presence of the benzylidene 
ester is recognised by the formation of benzaldehyde on oxidation 
with ozone and the corresponding acid is isolated in small amount 
on hydrolysis of the ester. In these esters we therefore have an 
approach to the state of affairs anticipated by Feist (Annalen, 1922, 
428, 25), who suggested that the esters of the glutaconic acids are 
desmotropic mixtures although the acids are pure individuals. 

The trans-By-acid is stable to both acid and alkali; the cis-ap- 
acid can properly be described as the labile isomeride. The equi- 
librium in the esters is similarly on the side of the By-form. The 
metallic derivatives, such as the potassio-ester, are, however, 
derived from the «8-ester, just as they are in the «-benzyl-8-methy]- 
glutaconic esters; these give rise to a y-methyl derivative (VII). 


CO,Et-C(CH,Ph):CH-CHMe-CO,Et (VI) 
CO,Et-CH(CH,Ph)CH:CMe-CO,Et (VIII.) 


The new ester is actually a mixture of the «f- and the Sy-isomeride, 
the latter (VIII) predominating; on hydrolysis with either alkaline 
or acid reagents the same pure acid, m. p. 185°, is obtained. This 
is undoubtedly a trans-form and oxidation of the ester prepared 
from it shows that it is the pure By-compound (VIII); we have so 
far failed to prepare its «$-isomeride, because all efforts to obtain the 
corresponding anhydride were unsuccessful and the trans-acid itself 
is stable to both alkalis and acids, like its lower homologue. 

A comparison of the stable isomerides of the different «-benzyl- 
substituted acids suggests that one, at any rate, of the factors which 
influence stability is the symmetry of the molecule. Thus, in the 
a-benzyl-6-methyl acids, the most evenly balanced systems are 
clearly the cis-form of the «-acid (I) and the trans-form of the py- 
acid (II), whilst their stereoisomerides have the two heavy sub- 
stituents on the same sides of the doubly-bound carbons; this 
arrangement should be particularly unstable in the cis-form (X), 
as is actually the case. 

(X.) CH,Ph-C-CO,H CO,H-CH(CH,Ph)-CMe 

CO,H-CH,°CMe (x.) CO,H-CH 

The same considerations apply to the «-benzyl- and the «-benzyl-y- 
methylglutaconic acids; the absence of the stabilising influence of 
a 6-substituent is clearly seen in the comparative instability of the 
cis-x8-acid. The «®-forms are in any case the less favoured, a con- 
clusion contrary to Thole and Thorpe’s statement (loc. cit.) that the 
y-forms are unstable. 
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EXPERIMENTAL. 


Benzylation of Ethyl B-Methylglutaconate.—The two stereoisomeric forms of 
ethyl 8-methylglutaconate were prepared and converted into their potassio- 
derivatives as described in our previous paper (loc. cit.).* 

Each potassio-compound was suspended in dry C,H, and left with an excess 
of CH,PhCl at room temp. for a month, with occasional shaking: an excess of 
Mel was then added. A fortnight later, the reaction appeared to be complete, 
a test portion added to H,O giving a neutral reaction. The C,H, solution was 
mixed with Et,O0, washed with H,O, dried, and evaporated, and the residue 
fractionated under reduced pressure. The ester obtained from the trans-form 
had b. p. 191°/11 mm., di8* 1-0664, ni8™ 1-5089, whence [R;]p 81-25; that from 
the cis-form had b. p. 192°/11 mm., d?* 1-0644, nj?*" 1-5064, whence [Rz]}p 
80-92. 

Ozonisation. 8 G. of each of the above esters were treated with O,, and the 
products isolated as described in Part II (loc. cit.). Both esters gave identical 
results. The aq. and alkaline washings contained much H,C,0,. The 
neutral portions gave the following fractions at 13 mm.: (1) below 120°, 
less than 0-1 g., giving a purplish-red colour with FeCl,; (2) above 120°. This 
constituted the whole of the distillate which boiled mainly between 140° and 
160°; it gave a clear purple colour with FeCl, (the neutral oil before distil- 
lation gave a colour faintly tinged with green due to traces of ethyl phenyl- 
pyruvate) and consisted of ethyl benzylacetoacetate, which was identified by 
its semicarbazone and the formation of phenylbenzylmethylpyrazolone. 

The esters were thus pure By-forms, although the presence of the af-form in 
traces is not excluded. 

Hydrolysis. When hydrolysed by 10% HCl, the trans-By-ester gave the pure 
trans-By-acid; no trace of insol. Ba salt was obtained by dissolving it in NH, 
aq. and boiling the solution with BaCl,. Under identical conditions, the cis- 
By-ester gave the cis-aB-acid, m. p. 148°, the cis-By-acid being evidently un- 
stable and completely isomerised. 

Ultra-violet Irradiation.—A solution of the trans-By-acid, m. p. 134°, in dry 
C,H, was continuously irradiated in a flattened quartz flask by means of a Hg 
vapour lamp for 10 days. Some charring occurred, but only unchanged 
trans-By-acid was recovered. The cis-af-acid was similarly treated in hot 
H,0 (it was too sparingly sol. in C,H,). The product was concentrated under 
reduced press.; the first crop of crystals consisted of unchanged cis-af-acid, 
but on further concn. a new acid was obtained as an oil which gradually 
solidified and could be purified by recrystn. from H,O. In subsequent preps., 
the cis-acid was irradiated for 21 days; the change was then complete, although 
there was appreciable decomp. 

The new acid, trans-a-benzyl-B-methyl-A*-propene-ay-dicarboxylic acid, 
crystallised from H,O in fine needles, m. p. 157—158°; its Ba salt is sol. in 
H,O. It is very sensitive to mineral acids and cannot be liberated from its 
salts without undergoing change; a few mins.’ boiling with 10% HCl converts 





* The original esters could be regenerated unchanged from the potassio- 
derivatives by means of Ph-CO,H in a neutral solvent and we have confirmed 
their structure by hydrolysis to the pure acids by means of very dil. alkali 
in the cold, 
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it completely into the cis-aB-acid (Found: C, 66-5; H, 5-9; M, dibasic, 235-2. 
C,3H,,0, requires C, 66-6; H, 6-0%; M, 234-1). 

The ethyl ester was prepared through the Ag salt by the method described 
in Part II. Its properties, together with those of its three isomerides, are 
given in the accompanying table : 


Ester. B. p. t. dy’. mp. [Rxz]p. 
cis-aB 191°/10 mm. 20-0° 1-0702 1-5089 80-95 
trans-aB 195—196/14 mm. 17-8 1-0723 1-5087 80-76 
cis-By 192/11 mm. 19-9 1-0644 1-5054 80-92 
trans-By 195/13 mm. 20-0 1-0643 1-5085 81-34 


Ozonisation. The trans-aB-ester was ozonised as described in Part II and 
gave the same products as the cis-af-ester; no trace of H,C,0,, ethyl glyoxyl- 
ate, or ethyl benzylacetoacetate could be detected amongst them and it must 
be concluded that the ester of the acid, m. p. 157—158°, was the pure 
af-ester. 

Interconversion of the cis-aB- and trans-By-Benzylmethylglutaconic Acids.— 
Iodo- and bromo-metric methods of analysis showed that the Py-acid was the 
more reactive, but the difference was not sufficiently great to serve as the 
basis of a method for the analysis of mixtures. Both acids reacted at once 
with Br in KBr aq. (Linstead and Mann, J., 1931, 723) and with Br water; 
they added 85% of the theo. amount of Br in 75% AcOH solution in 5 mins. 

Oxidation in MgSO, and NaHCO, aq. by N/100-KMn0O, and titration of the 
I subsequently liberated from acidified KI aq. gave erratic results. 

The method finally adopted consisted in the pptn. of the cis-af-acid in the 
form of its Ba salt. The solubility of this salt in H,O was roughly determined 
by boiling a known wt. under the same conditions as those of the estimations 
and weighing the residue. 

The estimations were carried out as follows. About 0-5 g. of the pure cis- 
acid was dissolved in the theo. amount (+ 1 c.c. excess) of about 2N-NH,, 
diluted to 100 c.c., and 5 g. of BaCl, added. The whole was boiled for 15 mins., 
the Ba salt separating in a coarsely cryst. condition. Any loss of H,O by 
evaporation was made good and, when cool, the Ba salt was collected, washed 
with H,O, EtOH, and Et,O, dried in a steam-oven for 1 hr. and then in vac., 
and weighed after standing for 15 mins. in the balance case. Under these 
conditions, the pure acid gave a recovery, after allowance for the solubility of 
the salt, of 98-5—99%, whilst a typical mixture of the cis- and the trans-acid 
containing 54-75% of the former gave a value of 54:2% for the cis-acid 
content. 

Equilibrations.—About 1 g. of the cis-acid was dissolved in the required 
amount (11 equivs. of a 25% solution by wt.) of KOH and heated for the 
required time in a closed tube in boiling H,O. The reaction was stopped by 
pouring the whole, with vigorous stirring, into the theo. amount required for 
exact neutralisation of 10% HCl diluted to 150 c.c. The solution was then 
made alkaline with 3 c.c. of 2N-NH,, 5 g. of BaCl, were added, the whole was 
made up to 225 c.c., and the Ba salt of the cis-acid was pptd. by 15 mins.’ boiling. 
Any loss of H,O was then made good and the Ba salt was separated and 
estimated as above. An approx. determination of the solubility of the Ba 
salt 799 these conditions was again made and allowed for in calculating the 
results. 
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Solubility of the Ba salt = 0-094 g. 
Time Wt. of acid Wt. of Basalt Wt. of acid 


(hr.). used (g.). + 0-094 g. equiv. ky, + ky. 
0-5 1-0867 0-7025 0:4457 1-781 
1-0 0-9590 0-3480 0-2208 1-467 
1-5 0-9954 0-2040 0-1294 1-360 
2-0 1-0534 0-1060 0-0672 1-375 
2-5 0-9842 <0-094 <0-0596 _ 


Mean value for (k, + k,) = 1-495 
Mobility = (k, + &,) x 10 = 15 


Action of Hydrochloric Acid on the trans-By-Acid.—The acid (3 g.) was 
boiled under reflux with 100 c.c, of cone. HCl for 44 hrs. The cooled liquid 
was neutralised with NH;, extracted with Et,0 to remove the hydrocarbon 
formed by decarboxylation of the acid, and treated with BaCl,. When the 
solution was heated, the cryst. salt of the cis-a8-acid was formed; it was 
collected, boiled with H,O, and acidified with HCl aq.; the cis-af-acid erystal- 
lised from the filtered solution on cooling, the amount recovered being 80— 
85% of the trans-By-acid taken. 

Methylation of a-Benzyl-B-methylglutaconic Ester.—The ester was treated 
with the theo. amount of dry EtOH-free KOEt and excess of Mel in dry 
Et,0. The product, isolated in the usual way, distilled at 195—198°/12 mm. 
and had d}3* 1-0603, ni“ 1-5081 (Found : C, 70-6; H, 7-7. C,,H».0, requires 
C, 70-3; H, 7-6. C,,H,4O, requires C, 71-1; H, 7-9%). 

Ozonisation. 8 G. of the ester were ozonised, and the products isolated, as 
previously described. The aq. and the alkaline washings contained no trace of 
H,C,0,. The neutral portion gave the following fractions at 15 mm.: (1) 
below 65°; this was small, gave a purplish-red colour with FeCl,, and contained 
no Ph’CHO. (2) 65—80°; about 1 g., consisting of ethyl acetoacetate and 
ethyl methylacetoacetate, isolated as phenylmethylpyrazolone and pheny!l- 
hydrazone respectively. (3) 80—160°, chiefly between 145° and 150°; this 
made up the rest of the distillate, gave a clear green colour with FeCl, 
and consisted of ethyl phenylpyruvate, identified as its semicarbazone. The 
ester was thus a mixture of the pure af-forms of a-benzyl-$-methyl- and 
a-benzy!-By-dimethyl-glutaconic esters. 

Benzylation of aB-Dimethylglutaconic Ester.—The ester was refluxed with the 
theo. amount of EtOH-free KOEt and excess of CH,PhC! in both dry Et,0 
and dry C,H, until neutral; the products were isolated in the usual way. 
In neither case was benzylation complete, but the benzylated ester was readily 
separated by fractionation. It had b. p. 190—192°/8 mm., d%*" 1-0548, njp® 
1-5039, whence [R;]p 85-38 (Found : C, 70-9; H, 7-7%). 

On ozonisation it gave mainly ethyl pyruvate and ethyl benzylacetoacetate, 
derived from the fy-form of a-benzyl-fy-dimethylglutaconic ester, but there 
was also present an appreciable amount of ethyl methylacetoacetate and ethy! 
phenylpyruvate, derived from the af-isomeride. 

trans-a-Benzyl-A8-propene-ay-dicarboxylic Acid.—42 G. of the corresponding 
tetracarboxylic ester were boiled for 10 hrs. with 126 g. of cryst. Ba(OH), and 
290 c.c. of H,O. The mixture was then acidified with HCl aq. and extracted 
with Et,0, and the extract washed once with H,O, dried, and evaporated 
(compare Guthzeit and Bolam, J. pr. Chem., 1896, 54, 259). The residue gave 
pure benzylglutaconic acid, m. p. 154°, after two crystallisations from H,0. 
Oxidation. The acid (about 1 g.), dissolved in Na,CO, aq., was diluted to 
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300 ¢.c. and treated at 0° with cold KMnO, aq. The excess of this was de- 
stroyed with H,O,, and from the filtered liquid Et,0 extracted Ph*'CHO (semi- 
carbazone, m. p. and mixed m. p. 220°, decomp.). The aq. solution was 
evaporated to dryness: on acidification, the residue gave an almost theo. 
yield of H,C,O, (titration of Ca salt). 

Ethyl trans-a-Benzyl-A8-propene-ay-dicarboxylate.—The trans-By-acid was 
esterified through its Ag salt; the ester had b. p. 190—191°/12 mm., di?” 
10810, n¥7°" 1-5089, [Jp 76°27. 

Ozonisation. The ester was ozonised in the usual manner. A quantity of 
H,C,0, was found in the aq. and NaHCO, washings; the neutrai portion boiled 
between 120° and 150°/13 mm. The first few drops had the pungent smell 
characteristic of formyl compounds and gave a red colour with FeCl,, suggest- 
ing the presence of ethyl formylacetate; no derivative, however, was isolable. 
The main part of the distillate gave an intense reddish-purple colour with 
FeCl, and contained ethyl formylbenzylacetate, identified by its semicarbazone, 
colourless prisms, m. p. 169°, from MeOH (Found: C, 595; H, 6-4. 
0,;3H,,0,N, requires C, 59-3; H, 6-5%). The last few drops of the distillate 
gave a slight green tinge with FeCl, before the purple colour developed; this 
was no doubt due to the presence of ethyl phenylpyruvate, although no 
derivative of the latter could be isolated. 

The ester ozonised thus consisted of the fy-ester, although it probably 
contained a small amount of the af-isomeride. 

Action of potassium ethoxide on the ester. The ester, prepared from crude a- 
benzylglutaconic acid by esterification with EtOH and H,SO,, had b. p. 186°/8 
mm., d7)"" 1-0800, n?” 1-5073. It was treated with EtOH-free KOEt exactly 
as described in Part ITI (loc. cit., p. 6); a solid K derivative separated from 
petroleum solution but not from Et,O solution. The ester, regenerated by 
means of Ph*CO,H, had b. p. 186°/8 mm., d% 1-0787, n?™ 1-5070. 

Both the original ester and the regenerated ester were ozonised; the former 
gave the same result as the ester described above, although-there was a very 
small low fraction (below 70°) with the odour of Ph-‘CHO; this was not, 
however, identified with certainty. The regenerated ester gave a distinct low 
fraction in which Ph:CHO was identified in the form of its semicarbazone; the 
highest fraction again gave a greenish colour with FeCl,. Both esters therefore 
consisted mainly of the By-form but contained a little of the af-isomeride ; 
the regenerated ester also contained an appreciable amount of ethyl a-benzyl- 
ideneglutarate. 

Hydrolysis. The regenerated ester was left with cold aq.-ale. KOH for 2 
days, and the acid isolated. It was recrystallised from acetone, C,H,— 
petroleum, and finally H,O and proved to be the original acid, m. p. and mixed 
m. p. 154°; a second acid, m. p. 174—175°, probably a-benzylideneglutaric 
acid (Fittig and Roedel, Annalen, 1894, 282, 336), was isolated in amount 
insufficient for investigation. 

cis-a-Benzyl-A*-propene-ay-dicarboxylic Acid.—The trans-acid, m. p. 154°, 
was converted into the anhydride as described by Thole and Thorpe (loc. cit.). 
The ethereal solution of the anhydride was washed with NaHCO, aq. until the 
washings were alkaline. The combined washings, which had a deep magenta 
colour, were acidified and extracted with Et,0; the extract on evaporation 
gave clusters of needles of the cis-acid, m. p. 149—150° after crystn. from 
0,H,—petroleum (Found: C, 65-6; H, 5-6; M, dibasic, 220-0. C,,H,,0, 
requires C, 65-5; H, 55%; M, 220-1). The new acid cannot be recrystallised 
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from H,O without extensive isomerisation to the trans-By-acid : the first crop 
of crystals is a eutectic mixture, m. p. about 139°, the m. p. of which is not 
depressed by admixture with either of the pure components; it does not 
appear possible to resolve it into its components by crystn. from org. solvents, 
The eutectic, m. p. 139°, is evidently identical with Thole and Thorpe’s cis. 
acid. Prolonged boiling with H,O causes complete conversion of the cis-af- 
acid into the trans-By. 

Oxidation. This was carried out in exactly the same way as that of the trane- 
By-acid. No Ph-CHO was formed. The acid products isolated by means of 
Et,O were solid and consisted of a small amount of unoxidised initial material 
together with phenylpyruvic acid, which was recognised by the green colour 
it gave with FeCl,. No CH,(CO,H), was isolated, as this had been completely 
decomposed to AcOH; no trace of H,C,0O, appeared to have been formed, 
showing that the acid was the pure af-compound. 

Esterification. The cis-af-acid was converted into its ester as before; 
this had b. p. 189—190°/13 mm., d?)” 1-0778, n®® 1-5068, and was evidently 
a mixture; it gave ozonisation products derived mainly from the fy-ester, 
although the isolation of Ph-CHO points to the presence of ethyl a-benzyl- 
ideneglutarate. The ester of the af-acid is evidently unstable and changes 
into this equilibrium mixture even under very mild conditions. 

Eutectic Mixture, m. p. 139°.—This mixture, obtained as described above, 
crystallised unchanged from C,H, (Found: M, dibasic, 220-0). It was 
oxidised with KMnO, and gave the same products as the pure cis-af-acid, but 
small quantities of Ph-CHO and H,C,0, were also isolated, showing the pres- 
ence of the Py-acid. 

Esterification. The ester obtained from the eutectic mixture through the 
Ag salt had b. p. 190—191°/12 mm., d2?"" 1-0788, n?®”” 1-5074, and was thus very 
similar to the esters already described. It gave the same products on ozonis- 
ation, except that rather less Ph‘CHO was obtained. 

Oxidation of the Hydroxy-anhydride.—1 G., dissolved in 10 e.c. of 10% 
NaHCO, aq. and diluted to 200 c.c., was oxidised as previously described. 
The Et,0 layer gave, on evaporation, a good yield of Ph-CHO (semicarbazone, 
m, p, and mixed m. p. 220°, decomp.), whilst the aq. layer, after filtration and 
evaporation, gave a considerable amount of H,C,0, and a small] amount of 
Ph:CO,H. 

Methylation of Ethyl a-Benzylglutaconate.—The ester, prepared from the 
trans-By-acid by means of EtOH and H,SO,, was treated as described on p. 2440. 
The resulting ethyl a-benzyl-y-methylglutaconate had b. p. 192°/10 mm., a” 
1-0584, n2?"" 1-5022, [Rz Jp 80-94(Found; C, 70-2; H, 7-7. ©,,H,,0, requires 
C, 70-3; H, 7:6%). 

Ozonisation. The ester (8 g.) was ozonised and the products were isolated in 
the usual way. The acid portion was very small and was probably H,C;0, 
formed from a little unmethylated ester. The neutral portion gave the 
following fractions at 13 mm. : (1) below 70°, 1-0 g., which had a pungent smell 
and gave a purple colour with FeCl, indicating ethyl a-formylpropionate; 
with semicarbazide, however, a practically quantitative yield of the semi- 
carbazone of ethyl pyruvate, m. p. 206°, was obtained (Found: ©, 41°83 
H, 6-4. Calc. for C,H,,0,N,;: C, 41-6; H, 64%). (2) 70—130°, 05 & 
which consisted of ethyl pyruvate. (3) 130—160°, 3-7 g., consisting of ethyl 
formylbenzylacetate (semicarbazone, m. p. and mixed m. p, 169°) but also 
containing some ethyl phenylpyruvate in the last portion (colour with FeCly): 
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The ester prepared in this way therefore consists mainly of the Sy-form with 
asmall amount of the af-isomeride. 

trans-a-Benzyl-y-methyl-A8-propene-ay-dicarboxylic Acid.—The above ester 
was hydrolysed by boiling for 2 days with 10 vols. of 10% HCl aq.; the acid 
formed fine needles, m. p. 184—185°, from H,O (Found: C, 66-8; H, 5:8; 
M, dibasic, 234. C,,H,,O, requires C, 66-7; H, 6.0%; M, 234-1). The same 
acid was also formed on hydrolysis with 10% aq.-ale. KOH; it can also be 
recrystallised from C,H, or AcOEt—petroleum. 

It was recovered unchanged after boiling for 5 hrs. with 10 times its wt. of 
AcCl or with AcCl containing 20% POCI,. 

Oxidation, This was carried out as described on p. 2441. Ph-CHO was iso- 
lated in quantity; no methylmalonic or propionic acid could be detected, but 
pyruvie acid was indicated by qualitative tests, although a solid derivative 
was not isolated. 

Ethyl trans-a-Benzyl-y-methyl-A8-propene-ay-dicarboxylate (VIII).—The acid 
was esterified through the Ag salt; the ester had b. p. 195—196°/15 mm., d2” 
10690, n°" 1-5070, [Ry Jp 80-78. 

Ozonisation. 9 G. of the ester were ozonised and the following fractions 
were obtained from the neutral portion at 16 mm. : (1) below 70°, about 2 g., 
consisting only of ethyl pyruvate (semicarbazone, m. p. and mixed m., p. 206°), 
giving no colour with FeCl,. (2)135—150°, 6 g., which gave an intense purple- 
red colour with FeCl, and consisted of ethyl formylbenzylacetate (semi- 
carbazone, m. p. and mixed m. p. 169°). No acid products were formed in 
this oxidation. 
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359. The Structure of the Glutaconic Acids and 
Esters. Part VI. Derivatives of B-Phenylglut- 
aconic Acid. 


By B. 8. Grpvant and G. A. R. Kon. 


Ta discovery (Kon and Watson, this vol., p. 1) that the two 
isomeric «-benzyl- or «-ethyl-6-methylglutaconic acids differ not 
only in configuration but also in the position of the double bond 
establishes a new principle of some importance. The nature of the 
substituents should exert a considerable effect on the relative 
stability of the isomerides and might even determine the occurrence 
of the other two possible isomerides (trans-«8 and cis-By). There 
is'already some evidence to show that acids with light substituents, 
such as the af-dimethyl acids, tend to exist principally as the 
cis-forms, the trans being somewhat unstable, 

A phenyl group attached to the B- or central carbon atom of a 
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three-carbon system generally has a stabilising effect on both 
possible isomerides (compare Johnson and Kon, J., 1926, 2748); 
the isomeric forms of §-phenyl-«-methylglutaconic acid should 
therefore be more tractable than the «$-dimethylglutaconic acids 
and at the same time provide an example of acids with a bulky 
substituent in the 8-position. No fewer than four isomeric forms 
have been described. Thorpe and Wood (J., 1913, 103, 1569) 
described three of them, termed respectively normal (I), m. p. 120°, 
cis-labile, m. p. 108°, and trans-labile, m. p. 155°, the last two being 
stereoisomerides of the «$-acid (II). Feist (Annalen, 1924, 428, 25) 
CO,H’CMe-CPh[{H]}-CH-CO,H CO,H-CMe:CPh:CH,°CO,H 
(I.) (II.) 
described a new cis-acid, m. p. 151°, and at the same time called 
in question the existence of the normal and the cis-labile acid. He 
esterified the trans-acid, m. p. 155°, and his new cis-acid with hot 
alcoholic sulphuric acid and obtained in both cases mixtures of af- 
and #y-unsaturated esters. From this he concluded that the esters 
were desmotropic mixtures, but that the acids were stereoisomerides 
and both possessed the «f-structure (II), as neither could be resolved 
into optically active enantiomerides (the fy-acid should be 
resolvable). 

Since esterification under Feist’s conditions leads to extensive 
isomerisation, it appeared desirable to repeat Feist’s ozonisation 
experiments and incidentally ascertain the structure of Thorpe and 
Wood’s normal and cis-labile acids. 

The acids were prepared under both Feist’s and Thorpe and 
Wood’s conditions and the trans-acid, m. p. 155°, and the cis-acid, 
m. p. 151°, were obtained, but not the two lower-melting acids. 

The cis-acid readily passes into the anhydride, m. p. 94°, which 
on careful treatment with tepid water yields an acid, m. p. 146— 
148°, rising to 151° after one crystallisation from benzene; acids 
of much lower m. p. are obtained on more drastic treatment. There 
seems to be little doubt that the acid, m. p. 151°, is the primary 
product formed on hydration of the anhydride. 

The two pure acids were converted through their silver salts into 
their esters: when these were oxidised with ozone, it was at once 
apparent that the ester derived from Thorpe and Wood's érans- 
acid, m. p. 155°, had the @y-structure (III), and the ester of Feist’s 
cis-acid was the «$-isomeride (IV). 
CO,Et-CHMe-CPh:CH-CO,Et CO,Et-CMe:CPh-CH,’CO,Bt 

(III.) (IV.) 

The esters so obtained were-practically free from their respective 

isomerides, the latter being detected by qualitative means only. 
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By methylating ethyl @-phenylglutaconate through its potassio- 
derivative in a neutral solvent (this is formed, as already found with 
ethyl 6-methylglutaconate, without change of configuration; com- 
pare preceding paper), an apparently homogeneous trans-fy-ester 
was obtained which was very similar in properties to the ester 
prepared from the acid, m. p. 155°, and gave oxidation products 
derived solely from the By-form (oxalic acid and ethyl benzoyl- 
propionate). The corresponding cis-ester could not be prepared in 
the same way because cis-8-phenylglutaconic acid is not known. 
A small amount of the corresponding acid, however, was isolated, 
as its sparingly soluble barium salt, in the course of the separation 
of the other two acids; these had been prepared by a comparatively 
short hydrolysis of the tricarboxylic ester. 

The new acid, m. p. 130—131°, appears to be a cis-form because 
it reacts very readily with warm acetyl chloride with the formation 
of the hydroxy-anhydride, m. p. 94°. It cannot be regenerated 
from this, the cis-acid, m. p. 151°, being formed instead, and there- 
fore cannot be identical with either of Thorpe and Wood’s normal 
and cis-labile acids, which are stated to be formed from this 
anhydride. 

Oxidation of the ester of the new acid showed that the double 
bond was in the fy-position. The acid is therefore stereoisomeric 
with the trans-acid, m. p. 155°. 

The new acid is converted, as already stated, into the same 
anhydride as the acid, m. p. 151°, but as only the latter is obtained 
on hydration of the anhydride, it seems reasonable to assume that 
both the anhydride and Feist’s cis-acid have the double bond in 
the same position («8). The dehydration of the new acid evidently 
involves a tautomeric change. 

The comparative stability of the new acid affords a good example 
of the stabilising effect of the ®-phenyl group. Apart from this, 
the phenylmethylglutaconic acids are similar to the acids studied 
by Kon and Watson in occurring principally in two stable modific- 
ations which are both isomeric and stereoisomeric; there is, how- 
ever, a difference in that the cis-form is alkali-stable in the present 
instance, whilst the trans-acid is alkali-stable in the benzylmethyl 
acids; the stability of the phenylated acids to hydrochloric acid 
cannot be compared, as they are rapidly decomposed by this 
reagent. 

We have so far failed to convert the cis-«$-acid into its trans- 
form by irradiation with ultra-violet light. 

The observations previously made on the tricarboxylic esters 
from which these esters are ultimately derived (Gidvani, Kon, and 
Wright, this vol., p. 1027) have been extended. Further evidence 
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has been obtained for the formulation adopted for the yellow 
sodio-derivative of ethyl carbethoxyphenylglutaconate, to which 
the structure (V) was tentatively assigned. This compound is 
changed by mere boiling with alcohol into a colourless isomeride, 
identical with that obtained by the action of sodium ethoxide on 
the free ester, evidently possessing the formula (VI), and from 
which the free ester is regenerated in a few minutes by the action 
of benzoic acid. 


(CO,Et),CH-CPh:CNa-CO,Et (CO,Et),CNa-CPh:CH-CO,Et 
(V.) (VI.) 

Ethyl sodiocyanoacetate condenses with ethyl phenylpropiolate 
in exactly the same way as ethyl sodiomalonate and gives a brown 
sodio-derivative, which is not methylated in a neutral solvent and 
from which the ester is not liberated except by the action of mineral 
acids or very prolonged treatment with benzoic acid. On boiling 
with alcohol it passes into a nearly colourless isomeride, which is 
readily methylated and from which the ester is liberated almost 
instantly. These compounds can therefore be formulated in the 
same way as (V) and (VI). 

The free ester, ethyl «-cyano-f-phenylglutaconate, decomposes 
on distillation, but oxidation of the crude ester, liberated from its 
brown sodio-derivative by means of hydrochloric acid, shows that 
the ester is an equilibrium mixture of two forms (VII) and (VIII), 


CO,Et-C(CN):CPh-CH,°CO,Et CO,Et-CH(CN)-CPh:CH-CO,Et 
(VII.) (VIII.) 


whilst the ester regenerated by means of benzoic acid appears to 
consist solely of the By-ester (VIII). 

The methylation of these esters was of great importance, since it 
has been shown that the coresponding 8-methy] ester (ethy] «-cyano- 
6-methylglutaconate) is methylated abnormally, the methyl group 
entering the y-position, in accordance with the constitution of the 
sodio-compound, which is derived from the «$-form of the ester 
(Kon and Nanji, J., 1931, 560). 

The methyl] derivative is readily obtained either from the original 
brown sodio-ester of the type (V) in alcoholic solution or from the 
colourless isomeride, analogous to (VI), in a neutral solvent. The 
methylated ester (IX) cannot be purified by distillation, but the 
oxidation products obtained from it show clearly that the methyl 
group has entered the «-position. The phenylated cyano-esters 
are thus entirely analogous to the carbethoxy-esters in this respect. 


00, Et-CMe(CN)-CPh:CH-CO,Et (CO,Et),CMe-CPh:CH-CO,Et 
(IX.) (X.) 
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Ethyl «-carbethoxy-8-phenyl-«-methylglutaconate (X), unlike 
other similarly constituted esters, does not lose a carbethoxy] group 
on treatment with sodium ethoxide (Thorpe and Wood, loc. cit.). 
This observation has been confirmed; the ester was recovered 
unchanged after some days. This exceptional stability is not due 
to the formation of a sodio-derivative, because all efforts to cause 
alkylation have been unsuccessful, but it can be readily explained 
on the basis of the electronic theory. 

The elimination of the carbethoxyl (or acetyl) group in com- 
pounds of the same general type is evidently caused by the inability 
of the system to meet the demand for electrons of the two negative 
groups in the «-position. In a system still retaining an atom of 
hydrogen this demand would be met by the attraction of the 
electrons binding this hydrogen, resulting finally in the removal of 
the hydrogen as a proton and the production of the corresponding 
enolide ion. In a “ blocked ” system with a strongly-held alkyl 
group in place of the potentially ionisable hydrogen, the electron 
demand of the negative groups can only be met at the expense of 
the surrounding medium, should a suitable source of electrons 
(ethoxide ions) be available. One of the negative groups then 
becomes attached to the latter with the production of a molecule 
of an ester (ethyl carbonate or acetate). It is the more readily 
enolisable group which is removed in this way, e.g., acetyl in prefer- 
ence to carbethoxyl and carbethoxyl in preference to cyano (com- 
pare the alkylation of ethyl isodehydracetate; Kon and Watson, 
loc. cit.).* 

In the present instance it would appear that the electron 
demand of the carbethoxy! groups can be met by electron displace- 
ments involving the phenyl] group, which can function both as an 
electron-accepting and an electron-donating group (++ 7’ and — T 
effect) (compare Ingold, Ann. Reports, 1928, 25, 121); in this case 
it exercises the latter effect and thus prevents the acquisition of the 
necessary electron from the ethoxy] ion, which would result in the 
elimination of the carbethoxyl group. 

Owing to the difficulties attending the preparation of 8-phenylated 
glutaconic acid derivatives, an attempt was made to apply the well- 
known method of Conrad and Guthzeit (Annalen, 1883, 222, 259), 
benzotrichloride being used in place of chloroform. A poor yield 
of a colourless sodio-derivative is obtained on condensing this com- 
pound with ethyl sodiomalonate, and this gives an undistillable 
ester on acidification. Oxidation with ozone shows that this ester 
is not the expected glutaconic acid derivative; the products, ethyl 


* The authors are indebted to Dr. E. M. Watson for drawing their atten- 
tion to these facts. 
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mesoxalate and ethyl benzoate, are evidently derived from an 
ethoxy-ester of the formula Ph-C(OEt):C(CO,Et),. 


EXPERIMENTAL. 
B-Phenyl-a-methylglutaconic Acids.—These were prepared essentially as 
described by Thorpe and Wood (loc. cit.) and purified by conversion into the 
Ba salts, the theo. amount of cold 2N-NH, being used. The trans-acid was 
recovered from the hot filtered solution. The pptd. Ba salts, after extraction 
with hot H,O, yielded a mixture of acids on acidification, and these were 
obtained pure by repeating the above process, the cis-acid being obtained by 
acidifying the insol. Ba salt. The same result is also obtained by Feist’s 
method (loc. cit.), in which the mixture of cis- and trans-tricarboxylic esters 
is hydrolysed and the acids formed are separated as above. For the final 
purification of the acids, it is advisable to repeat the pptn. of the Ba salts in 
the cold. 

The pptd. salt is usually completely sol. in much cold H,O, but in some 
preps., especially when the hydrolysis of the tricarboxylic ester was only 
partial, a portion of the salt remained undissolved. From this material the 
new cis-acid (cis-a-methyl-A®-propene-ay-dicarboxylic acid) was obtained on 
careful acidification; m. p. 130—131° after 3 crystns. from C,H, (Found: 
C, 65-2; H, 5-4. ©,,H,,0, requires C, 65-5; H, 5-5%). 

When the solid tricarboxylic ester (X) was kept for 5 days with cold 5% 
KOH aq. and enough EtOH to give a homogeneous solution, a new acid was 
isolated ; it crystallised from C,H,—petroleum in plates, m. p. 87°, and reduced 
KMn0O,, but was not isomeric with the phenylmethylglutaconic acids; its 
constitution has not been ascertained (Found: C, 62:2; H, 6-4. C,H,90, 
requires C, 62:3; H, 6-5%). 

Ethyl trans-B-Phenyl-a-methyl-A8-propene-ay-dicarboxylate (III).—The trans- 
acid, m. p. 155°, was converted into the ethyl ester by Kon and Watson’s 
method (loc. cit., p. 5), which was employed throughout this work; it had 
b. p. 165°/5 mm., d% 1-0838, n?”” 1-5158, [Rz Jp 76-94. 

Ozonisation. This was carried out exactly as described by Kon and Watson 
(loc. cit., p. 5). The acid products were H,C,0,, Et-CO,H, and Ph-CO,H. 
The neutral products gave the following fractions on distillation under 
22 mm.: (i) below 60°, (ii) 60—100°, (iii) 100—160°. Fraction (i) gave no 
colour with FeCl, and contained ethyl glyoxylate (phenylhydrazone, m. p. 
and mixed m. p. 157°). Fraction (ii) also gave no colour with FeCl, and 
consisted of ethyl benzoylpropionate, which was identified by means of its 
semicarbazone, m. p. 201° (Found: C, 59-7; H, 6-5. C,,;H,,0,N, requires C, 
59-3; H, 65%). The same semicarbazone was also formed from a specimen 
of the ester prepared by Hope and Perkin’s method (J., 1909, 95, 2045); the 
pure ester does not give a colour with FeCl,. Fraction (iii), which was very 
small, gave a red colour with FeCl;, indicating the presence of ethyl 
benzoylacetate. 

The ester ozonised therefore consisted of the By-compound, but contained 
a very small amount of the af-isomeride. 

Ethyl B-Phenylglutaconate.—This ester was prepared as described by Ruhe- 
mann (J., 1899, 75, 248) and had b. p. 167—168°/5 mm., a3?" 1-1014, np” 
1-5240, [R;]p 72-82; it gave ethyl glyoxylate, ethyl benzoylacetate and 
H,C,0, on ozonisation. 

Methylation. The potassio-derivative was prepared with alcohol-free KOEt 
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(Kon and Nanji, loc. cit.) in dry Et,O and rapidly precipitated in a cryst. 
condition ; the original ester was recovered from it unchanged by treatment 
with Ph-CO,H in Et,0. The potassio-derivative, suspended in dry Et,O, 
was boiled with an excess of MeI for 1 hr.; the methylated ester isolated 
from the filtered solution had b. p. 165—166°/6 mm., d2?” 1-0840, n?” 1-5145, 
[Rz]p 76°76, and was evidently the pure trans-By-ester because it gave the 
same oxidation products as the ester described above, but none of the frac- 
tions gave a colour with FeCl,; H,C,0,, ethyl glyoxylate, and ethyl benzoyl- 
propionate were again isolated and identified. 

Ethyl cis-B-Phenyl-a-methyl-A*-propene-ay-dicarboxylate (IV ).—The ester had 
b. p. 163°/5 mm., dj?” 1-0982, n?? 1-5292, [Rz]p 77°58. 

Ozonisation. The ozonide obtained from this ester deposited a solid form, 
m. p. 150° (compare Feist, loc. cit.). The ozonide (both solid and liquid) 
gave on decomposition a small amount of H,C,0,, indicating the presence of 
af-ester in the initial material. The following fractions were obtained from 
the neutral portion of the product at 18 mm.: (i) 70—90°, (ii) 90-——-145° 
(iti) 145—160°. The first fraction gave no colour with FeCl, and contained 
ethyl pyruvate (semicarbazone, m. p. and mixed m. p. 206°). Fraction (iii) 
consisted of ethyl benzoylacetate; it gave a deep red colour with FeCl, and 
readily formed 1 : 3-diphenylpyrazolone, m. p. and mixed m. p. 136°. The 
middle fraction was a mixture of the other two. 

Ethyl cis-B-Phenyl-a-methyl-A8-propene-ay-dicarboxylate.—The new cis-acid, 
m. p. 131°, gave an ester, b. p. 159°/4 mm., which showed signs of solidifying 
on keeping; the amount of solid formed was not sufficient to investigate 
separately. 

Ozonisation. The results obtained were similar to those recorded for the 
trans-ester; distinct traces of ethyl benzoylacetate were observed amongst 
the neutral products; ethyl benzoylpropionate was isolated in the form of 
its semicarbazone and H,C,0,, Ph-CO,H and Et-CO,H were again identified. 
The ester is therefore the By-compound, accompanied by a small amount of 
the aB-isomeride. 

Ethyl a-Cyano-B-phenylglutaconate (VII and VIII).—Attempts to obtain 
this ester by an extension of Rogerson and Thorpe’s method (J., 1905, 87, 
1669) were unsuccessful, no condensation taking place between ethyl benzoyl- 
acetate and ethyl cyanoacetate in presence of NaOE or KOEt or “ molecular ” 
Na; a very poor yield of ester was formed with piperidine and its identity 
established by hydrolysis to phenyldihydrexypyridine (Ruhemann, J., 1899, 
75, 248). 

Ethyl cyanoacetate (28-3 g.) was gradually added to ‘‘ molecular” Na 
(5-75 g.), suspended in dry C,H, (250 c.c.); after 2 hrs. ethyl phenylpropiolate 
(43-5 g.) was added, and the mixture heated under reflux over-night. The 
solvent was then distilled off, and dry petroleum (b. p. 40—60°) added; the 
light brown sodio-derivative (62 g.) was washed with Et,O and dried in vac. 
(Found: Na, 7-4. C,,H,,0,NNa requires Na, 7:4%). 

The sodio-derivative was covered with H,O and Et,O, and a slight excess 
of cold dil. HCl added with shaking. The ester formed was isolated by 
evaporation of the dried Et,O solution; it could not be further purified, as 
it decomposed on attempted distillation. 

Ozonisaiion. The crude ester was ozonised and the decomposition products 
were taken up in Et,0; the Et,O extract was not washed with NaHCO, aq. 
On ——— it and keeping the residue, yellowish crystals of ethyl a-cyano- 
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benzoylacetate, m. p. 40-——41°, separated and were collected, the filtrate 
being again taken up in Et,O and washed with NaHCO, aq., which removed 
a quantity of H,C,0,. The neutral products were isolated and distilled, the 
following fractions being obtained at 12 mm.: (i) below 50°, (ii) 120—135°, 
(iii) 135—165°, (iv) a little unchanged ester which decomposed on further 
heating. Fraction (i) consisted of ethyl glyoxylate (phenylhydrazone, m. p. 
and mixed m, p. 157°), Fraction (ii) gave no colour with FeCl, and formed 
the phenylhydrazone of ethyl cyanoglyoxylate, m. p. and mixed m. p. 127° 
(Kon and Naniji, loc. cit.). The highest fraction gave a rich red colour with 
FeCl, and contained ethyl benzoylacetate, recognised by the formation of 
1 : 3-diphenylpyrazolone, m. p. and mixed m. p. 136°. The ester ozonised 
was thus a mixture of the af- and the fy-form. 

Ethyl a-Cyano-8-phenyl-A8-propene-ay-dicarboxylate (V1IL).—The sodio-de- 
rivative (17 g.) was suspended in dry Et,O (300 c.c.), dry Ph*CO,H (6-3 g.) 
added, and the mixture mechanically shaken for 3 days. The ester was 
isolated by evaporation of the Et,O solution, but could not be distilled. 

Ozonisation. This was carried out as described above; only products 
derived from the fy-form (VIII) were isolated, namely, ethyl glyoxylate, 
ethyl a-cyanobenzoylacetate, H,C,O,, Ph-CO,H, and CH,(CO,H),. 

Another specimen of the fy-ester was prepared by converting the equi- 
librium ester into the potassio-derivative and treating this with Ph-CO,H 
(Kon and Nanjji, loc. cit.); the liberation of the ester was in this instance 
complete in 2 hrs. The results of ozonisation were the same as those given 
above. 

Hydrolysis. Both acid and alkaline hydrolysis of the cyano-esters gave 
plenyldihydroxypyridine, m. p. 254—255° (Ruhemann, loc. cit.), as sole 
product. 

Ethyl a-Cyano-B-phenyl-a-methyl-A-propene-ay-dicarboxylate.—All attempts 
to convert the original brown sodio-derivative (p. 2449) into the methylated 
ester in a neutral solvent were fruitless, although the potassium compound 
prepared from the equilibrium ester was completely methylated by boiling 
with an excess of MeI in Et,O or C,H, for 8 hrs. The brown sodio-ester 
was, however, convérted into the same methylated ester by boiling with an 
excess of MeI in EtOH for 36 hrs. The new ester could not be purified, as 
it decomposed on attempted distillation. 

Ozonisation. The methylated ester was ozonised and the products were 
worked up as usual. H,C,0,, Ph-CO,H, and CHMe(CO,H), were isolated 
and identified, and the neutral products gave the following fractions under 
12 mm.: (i) below 40°, (ii) 40—120°, (iii) 120—130°; none of these gave a 
colour with FeCl,. Fraction (i) consisted of ethyl glyoxylate, which was 
identified as before. No characteristic solid derivatives could be obtained 
from the other two fractions, but the absence of the readily identifiable ethyl 
cyanoglyoxylate and ethyl a-cyanobenzoylacetate, together with the isolation 
of CHMe(CO,H),, indicates that the methylation must have been complete 
and that the Me group had entered the a-position. 

Ethyl Sodio-a-carbethoxy-B-phenylglutaconate (V1).—The yellow sodio-deriv- 
ative (V) (Michael, J. pr. Chem., 1894, 49, 20; Gidvani, Kon, and Wright, 
loc. cit.) was boiled with dry EtOH for 4—5 hrs., the solid becoming colour- 
less: it was washed with Et,O and dried (Found: Na, 6-4. C,,H,,0,Na 
requires Na, 6-5%). The new sodio-derivative was treated with Ph-CO,H 
in Et,0 as described above; the pptn. of Ph:CO,Na began immediately 
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and the regeneration of the ester was complete in 1 hr.; it was isolated by 
evaporation of the Et,O solution and consisted entirely of the solid ester, 
m. p. 38°. 

Action of Sodium Ethoxide on Ethyl a-Carbethoxy-B-phenyl-a-methylglut- 
aconate.—The methylated ester (Thorpe and Wood, loc. cit.) (35 g.) was dis- 
solved in 40 e.c. of EtOH and added to a solution of 2-3 g. of Na in 30 c.c. 
of EtOH; the solution assumed a deep orange colour. After 24 hrs. it was 
acidified with dil. HCl in the presence of Et,O, and the ester isolated in the 
usual manner. 25 G. of the original ester were recovered, b. p. 178—180°/ 
5 mm., d??” 1-211, nf 1-5080, [Rz]p 92°58; this solidified completely on 
keeping, m. p, and mixed m. p. 50°. The experiment was repeated with a 
specimen of the ester prepared by the condensation of ethyl sodiomethyl- 
malonate with ethyl phenylpropiolate (Gidvani, Kon, and Wright, loc, cit.), 
which we succeeded in purifying by distillation; it had b. p. 180—182°/ 
4mm,, d2° 1-1207, n” 15090; it was again recovered unchanged and the 
same result was obtained when the reaction mixture was kept for 4 days. 

Methylation. The ester was added to NaOEt as above, and the mixture 
treated with an excess of Mel after 12 hrs.; it was then boiled until neutral 
(12 hrs.). A small amount of ethyl carbonate was recovered and the main 
fraction of the product had a somewhat lower b. p. and density than the 
ester from which it was derived, perhaps owing to the admixture of some 
dicarboxylic ester, but it was impossible to separate this by fractionation ; 
the cis-aB-acid, m. p. 151°, was obtained from it on hydrolysis, but no trace 
of a dimethyl acid appeared to be formed. 

Condensation of Ethyl Sodiomalonate with Benzotrichloride.—Ethy] sodio- 
malonate, prepared with the aid of “‘ molecular”’ Na in C,H,, could not be 
condensed with benzotrichloride, the initial materials being recovered 
unchanged. 

Ethyl malonate (80 g.) was added to a solution of 23 g. of Na in 450 c.c. 
of EtOH, and 50 g. of Ph-OCl, were gradually introduced inte the warm 
solution with vigorous shaking; a further 15 g. were finally added and the 
mixture was heated on the steam-bath for 30 mins. The dark brown solution 
was filtered hot, and the pptd. salt washed with hot EtOH until colourless. 
The filtrate and washings deposited a solid on cooling; this was collected, 
dissolved in H,O, and acidified with dil. HCI, and the liberated ester isolated 
with Et,0. It gave a dirty violet colour with FeCl, and could not be distilled 
even under 2 mm. pressure. 

Ozonisation. The neutral portion of the ozonisation product gave the 
following fractions under 12 mm. : (i) 60—80°, (ii) 80—120°, neither giving 
a colour with FeCl,. The lower fraction was greenish-yellow and gave the 
hydrate of ethyl mesoxalate, m. p. and mixed m. p. 59°, on treatment with 
H,0. The higher fraction had the characteristic smell of Ph-CO,Et and 
gave Ph‘CO,H on hydrolysis; a small amount of H,C,0,, probably formed 
from ethyl mesoxalate, was also isolated. 


The authors thank the Royal Society and the Chemical Society for grants. 


Imprrrat CorteGE, Lonpon, 8.W.7. [Received, July 18th, 1932.] 








2452 KON, LINSTEAD, AND MAOCLENNAN : 


360. «a-Methylhexenoic and aB-Dimethylpentenoic 
Acids. 


By G. A. R. Kon, R. P. Linstgap, and G. W. G. Mactznnay, 


In view of the contradictory evidence regarding the effect of an 
a-methyl group on the interconversion of unsaturated acids, it was 
decided to investigate the interconversion of the «-methylhexenoic 
acids (I) and (II) and the «8-dimethylpentenoic acids (III) and (IV). 


(I.) CH,Et-CH:CMe-CO,H CHEt:CH-CHMe:CO,H (IL) 
(III.) CH,Me-CMe:CMe’CO,H CHMe:CMe:CHMe:CO,H (IV.) 


Both pairs of acids yielded equilibrium mixtures on treatment with 
alkali, and the following results were obtained under Linstead’s 
standard conditions (J., 1927, 2579) : 


System. Equilibrium (% af-acid). Mobility. 
by 88—90 18-8 
a. av 72—73 0-12 


The figures for the first pair of acids are in good agreement with 
those previously given for the «-methylpentenoic acids (Goldberg and 
Linstead, J., 1928, 2343). The values for the second pair of acids 
similarly agree with those for the related acids studied by Kon, 
Leton, Linstead, and Parsons (J., 1931, 1411), especially as regards 
mobility. The results clearly bring out the difference in the effect 
of the «-substituent, which greatly depresses the mobility of the 
system if there is already a substituent in the 8-position, but has 
very little effect on the mobility of the straight-chain acids (pentenoic 
and hexenoic) (compare Linstead and Mann, J., 1931, 733; Kon, 
Leton, Linstead, and Parsons, loc. cit.). The effects on the positions 
of equilibrium are in each case those to be expected. 

The #y-acid (II) prepared as described on p. 2458 evidently con- 
tained an isomeric impurity, because the equilibrium mixture 
obtained from it differed from that produced from the «-acid. It 
was therefore prepared by methylating ethyl butylidenemalonate 
to the ester CHEt:CH-CMe(CO,Et), and removing one carboxyl 
group from the corresponding acid by heating. The resulting acid 
consisted largely of the desired acid (II) with only a small amount 
of the isomeride (I), which was easily removed by subsequent 
treatment. The acid so obtained gave values for the equilibrium 
coincident with those obtained from the «f-acid and was therefore 


pure. 
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EXPERIMENTAL. 


Methods.—The determination of mobilities and positions of equilibrium was 
carried out by the methods previously used (compare Goldberg and Linstead, 
loc. cit.). 

a-Methylhexenoic Acids.—The af-acid employed was the specimen described 
in our following paper. The fy-acid was prepared by the hydrolysis of 
the purest By-ester described at the same time; it had b. p. 107°/11 mm., 
d&%" 0-9396, nf” 1-4390, [R,]p 35-86 (cale., 35°71), M(monobasic) 127-7 (calc., 
128-1), and J 72-5in 10 mins. It could not be further purified by repeating 
the partial esterification and hydrolysis. This specimen was used for the 
mobility determinations marked*, The pure By-acid was prepared as follows : 
ethyl butylidenemalonate (70 g.) was treated with NaOEt in EtOH, and the 
mixture boiled with an excess of MeI until neutral; the methylated ester 
(60 g.) had b. p. 130—140°/18 mm., d2°0-9862, n20"1-4378, [Rz]p 60-66. It was 
hydrolysed by cold KOH to a-carboxy-a-methyl-AB-hexenoic acid, m. p. 130° 
(decomp.) after crystn. from hexane (Found: C, 56-1; H, 6-9; M, dibasic, 
173-6. C,H,,0, requires C, 55-8; H, 70%; M, 172-1). 

The dibasic acid (25 g.) was heated at 125—130° for 2 hrs.; the cold residue 
was dissolved in NaHCO, aq., some 6 g. of neutral material removed by 
extraction with Et,O, and the acid recovered and distilled, 11 g., b. p. 116— 
120°/18 mm., being obtained, in addition to 1 g. still containing some dibasic 
acid, From the main fraction, 9 g., b. p. 86—87°/1—2 mm., were obtained on 
redistillation. This was subjected to partial esterification, and the pure 
ester (see following paper) hydrolysed with cold 5% aq.-ale. KOH to the 
acid, b. p. 122°/24 mm., d%” 0-9353, n%* 1-4379, [Rz]p 35-93 (calc., 35-71). 
This was used for the reference curve and the determination of the final 
equilibrium. 


Equilibrations. Reference curve. 
Mixture, % af ...... 0 10 25 50 75 90 100 
estecee 0 


4, pecan 835 776 664 45:4 233 88 
Time, % ap- % af- 

Acid. hrs. J,%. Acid. Acid. ‘Time,hrs. J,%. Acid. 
Bt 3 40-1 557 ap 3 51 93-5 
a 6 28-7 69-0 ap 6 6-0 92:5 
py* 96 23-0 75-0 a8 96 atb. p. 8-4 90-0 
By 24 98 88-5 of 160atb.p.with 8-8 90-0 

40% KOH aq. 


The equivs. of the equilibrated samples were checked in every case but are 
not recorded. 
aB-Dimethylpentenoic Acids,—The af-acid employed was the specimen 
described in our following paper. The fy-acid was obtained by the 
hydrolysis of the pure fy-ester described there and had b. p. 104°/11 mm., 
ae 0-9618, nf” 1-4461, [Ry Jp 35-53 (calc., 35-71), M(monobasic) 128-1 (calc., 
8-1). 


Equilibrations. Reference curve. 


Mixture, % aB ws. s 9 10 25 50 75 90 100 
) ja 72-4 63:2 447 24-7 11-1 2-9 


Mixtures rich in By-acid gave an appreciable back reaction, but since equili- 
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brium is on the side of the af-acid it was not deerhed necessary to use any 
special precautions on this account. 


Acid. Time, hrs. J, %: % aB-Acid. 
By 17 with 25% KOH aq. 70-4 13-0 
By ape “4 68-1 17:0 

y 119 with 40% KOH aq. at b.p. «50-7 41-5 
ap 130, at , x 12-4 89-0 
84% a8 140 ,, “ “ * 22-2 77-0 
75% a8 168 ,, - - ne 26-0 72:5 
78% o8 119 4, na “i ye 26-0 72-5 


The equivs. of the equilibrated samples were checked in every case but are 
not recorded. 


The authors thank the Royal Society and the Chemical Society for grants, 
and the Trustees of the Carnegie Research Fund for a scholarship awarded to 
one of them (G. W. G. M.). 
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361. The Chemistry of the Three-carbon System. 
Part XXIX. Tautomerism of Unsaturated Esters. 
By G. A. R. Kon, R. P. Liysteap, and G. W. G. Maciennay. 


THE object of the present investigation was to collect quantitative 
data on the mobilities and positions of equilibrium in pairs of «f- 
and fy-unsaturated esters and to endeavour to connect these with 
the structure of the esters. 

Up to the present, comparatively few esters have been examined: 
ethyl cyclohexylideneacetate and its By-isomeride (Kon and Linstead, 
J., 1929, 1269) and the isohexenoic esters (Linstead, ibid., p. 2498) 
have, however, been fully investigated; a few dicyclic esters have 
also been studied by Thakur (this vol., pp. 2120, 2139, 2147, 2157). 

The following pairs of «8- and By-esters have now been examined : 
hexenoic (I and II), «-methylhexenoic (III and IV), @-methyl- 
pentenoic (V and V1), «$-dimethylpentenoic (VII and VIII), cyelo- 
pentenylacetic (IX and X), «-methylcyclopentenylacetic (XI and 
XII), and «-methyleyclohexenylacetic (XIII and XIV) : 


(I.) CH,Et-CH:CH-CO,Et CHEt:CH-CH,°CO,Et (IL) 
(II1.) CH,Et-CH:CMe-CO,Et CHEt:CH-CHMe-CO,Et (IV) 
(V.) CH,Me-CMe:CH-CO,Et CHMe:CMe-CH,°CO,Et (V1) 
(VII.) CH,Me*CMe:CMe-CO,Et CHMe?CMe-CHMe:CO,Et 
(VIII.) 
a 0): 0; - 
(IX.) (H,-CH,> CCH CO,Et (nH, -cH>° CH,°CO,Et (*) 
CH,’CH ° ¥ " CH,CH. A - 
(HCH, >C-OMe CO,Et (H,cH->C CHMe-CO,Et 


(XT.) (XIT.) 
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OHH GH >C:CMe-C0, Et 


(XIII.) 


PART XXIX. 2455 


CH, CH aca. 
BCH CH CHMe:CO,Et 


(XIV.) 


The pure esters, treated with sodium ethoxide, underwent con- 
version into equilibrium mixtures of «8- and fy-unsaturated iso- 
merides; the results obtained under Kon and Linstead’s standard 
conditions are in Table I. 











TABLE I. 

Esters. % af-Ester at equilm. Mobility. 
WON = ian hig E555 EET NE oe ob tate 92 (?) 153 
IOS chy sik canetenidescgeencrmpnal dice 10 (?) High 
NN ictns cb o04,thcingises We osepap 95 151 
B-Methylpentenoic —.........c..cceeseccee eee ees 75 26 
af-Dimethylpentenoic .. a ee 94-5 2 
CycloPenteNnYlACEtiC ........,.0seccssececceecs 60 835 
a- -Methyleyclopentenylacetic baaouheess 88 84 
cycloHexenylacetic FT —......cecsssseseeeeeeede 38 8-1 
a-Methy Icyclohexenylacetic sera spices 5 0-15 

* Linstead, loc. cit. + Kon and Linstead, loc. cit. 


The value given for the hexenoic esters is regarded as only 
approximate because, just as in the isohexenoic esters (Linstead, 
loc. cit.), there is a rapid addition of alcohol with the formation of a 
8-ethoxy-ester. It is the «$-ester which undergoes this addition; 
this is seen from the fact that, in the experiments with the By-ester, 
the iodine addition of the product (which is a direct measure of the 
%y-content, both «8- and ethoxy-ester being practically inert) falls 
rapidly, but the formation of the ethoxy-ester is not appreciable at 
first, that is, until a sufficient amount of «$-ester has been produced. 
The formation of By-ester from the «8- reaches a maximum value of 
8% and this is taken as the equilibrium value. 

In the other esters, which have a substituent in the $-position, 
the formation of alcohol-addition products is insignificant and the 
equilibrium values obtained can properly be regarded as structural 
constants. 

The figures given in Table I disclose remarkable differences both 
in mobilities and in the proportions of the isomerides in the equili- 
brium mixtures; e¢.g., the mobility of the cyclopentenylacetic esters 
is 100 times greater than that of the otherwise exactly similar esters 
of the cyclohexane series and is of the same order as the mobility of 
cyclohexenylacetone (Kon and Linstead, loc. cit.). 

This extremely high mobility suggested that these esters might 
have another common feature with the unsaturated ketones, namely, 
the capability to undergo alkylation, a view which is superficially 
even more probable when it is remembered that both these changes 
are supposed to proceed through the intermediate formation of an 
enolide ion. Under conditions under which ketones of equal 
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mobility readily fix an alkyl group, however, no definite evidence of 
alkylation of these esters could be obtained. There is, therefore, no 
simple connexion, such as was at one time assumed, between the 
tautomeric mobility and the capacity for alkylation of unsaturated 
substances. 

The retarding effect of an a-substituent on mobility is again 
clearly apparent in all but the «-methylhexenoic esters, which have 
no substituent on the 8-carbon atom; this bears out the suggestion 
that this effect is only seen in systems with an «- and a £-substituent 
(Linstead and Mann, J., 1931, 733). The esters are, in this respect, 
similar to the acids from which they are derived, but this resem. 
blance ceases when the effect of the «-substituent on the position of 
equilibrium is considered. In the straight-chain esters and in those 
with a cyclopentane ring an «-methyl group displaces the equilibrium 
towards the «$-side, just as it does in acids (compare Kon, Leton, 
Linstead, and Parsons, J., 1931, 1411). In the cyclohexane deriv- 
atives it has a pronounced effect in the opposite direction, analogous 
to that observed in ketones (Kon and Leton, J., 1931, 2496; Kon 
and Thakur, J., 1930, 2217). The other effects of structure on 
equilibrium are those to be expected on general grounds and do not 
call for special comment. 

The application of electronic conceptions to tautomerism (Ingold, 
Shoppee, and Thorpe, J., 1926, 1477) has been extended to cover 
acid equilibria in particular (compare Linstead, loc. cit.), although it 
was suggested that a number of additional factors must be taken into 
consideration. However, the lack of generality in the effects 
observed and the differences between otherwise exactly similar 
systems now brought to light, together with those accumulated 
during recent years, cannot be reconciled with any simple theory. 
It appeared at first that the various phenomena might be explained 
by assuming two different mechanisms by which equilibration may 
proceed, one covering acids and the other neutral systems—ketones, 
nitriles, and esters. There are, however, inconsistencies in the 
behaviour of the latter which make it preferable to defer theoretical 
discussion for the present. 


EXPERIMENTAL. 


Methods.—The methods of equilibration used by Kon and Linstead (loc. cit.) 
were employed throughout. The % iodine additions (J) of the equilibrated 
esters were determined in CHCl, solution according to Linstead and May’s 
method (J., 1927, 2565); a reaction time of 60 mins. was employed unless 
otherwise stated, and the results compared with reference curves in the usual 
way. The physical properties of the equilibrated esters were determined, but 
are not recorded. 

Ethyl Hexenoates (I and I1).—A*-Hexenoic acid, m. p. 33—34° (Boxer and 














eC. ea. Pe, & %@ cae tee 


ao ~~ 


- tk" tm ip toe to tp © © &@ © © © 2S 








— PvP Oo 


eS lh lOO 








OF THE THREE-CARBON SYSTEM. PART XXIX. 2457 








Linstead, J., 1931, 742), was esterified through the Ag salt; the ester had b. p. 
80°/22 mm., d" 0-8986, nf" 1-4348, [Ry ]p 41-22 (calc., 40-33). The Af-ester was 
similarly obtained, and had b. p. 64°/12 mm., d?" 0-8957, n}" 1-4255, [Ry Jp 
40-61: another specimen prepared by the partial esterification of the crude 
Af-acid (Boxer and Linstead, loc. cit.) had very similar properties. 
Equilibrations. Reference curve : 

Mixture, % - coves - 100 90 75 50 25 10 0 

J, %y seveesesecssccoese 23 11-9 265 493 69-1 78:2 83-0 

Owing to the  conuidéedtte addition of EtOH in these equilibrations, the 
procedure was somewhat modified. Preliminary expts. showed that the 
ethoxy-ester (ethyl B-ethoxyhexoate) could be obtained pure by repeated 
fractionation, and had b. p. 94°/14 mm., d%” 0-9108, n®” 1-4160, [Rz}p 51-77 
(eale., 51-44) (Found: C, 63-6; H, 10-5. Cj, 9H,.O; requires C, 63-8; H, 
106%). It does not react appreciably with ICI (J 1-5). 

In the actual equilibrations, the mixture of esters recovered (80—88%) was 
distilled, the total distillable material being collected; this therefore con- 
tained the whole of the ethoxy-ester formed. From the iodine addition, the 
By-content of the mixture was determined, whilst its density and refractive 
index enabled a rough estimate of the amount of ethoxy-ester to be made. 
The following results were obtained : 


Initial Time, % By- Initial Time, % By- 
material. hrs. J,%. Ester. material. hrs. J,%. Ester. 
af 0-16 6-3 4:5 By 0-16 78-9 92-0 
aB 0-33 7:3 5:5 By 0-33 70-6 77-0 
af 0-66 8-0 6-5 By 0-66 59-1 61-0 
aB 1-00 76 6-0 By 1-00 47-6 48-1 
af 1-50 7-5 6-0 By 1-50 34-7 34-5 
aB 2-00 6-5 4:5 By 2-00 24-8 23-5 
aB 3-00 5-4 4-0 By 3-00 14-7 13-5 
af 24-00 3°5 2-0 By 24-00 3°5 2-0 
Ethoxy-ester 24-00 3°5 2-0 


Reducing the cone. of the NaOEt had but little effect, and carrying out the 
reaction at the b. p. for 2 and 4 hrs. gave a slight increase in By-content, a 
mixture with J 9-6 being obtained from the af- and also from ethoxy-ester. 

The amounts of ethoxy-ester formed in these expts., calc. from the d?” and 
ny of the mixture, are given below; the values calc. from nt" are sepeoduciblé, 


ond are considered to be the more reliable. 
% Ethoxy-ester, 


; Time, % By- eee 
Initial material. hrs. Ester. From nn . From ee, 

at ld aha LE lla lt 6-5 31-0 25-0 
ten ctiiier wes decctcvddees cde ciakls ue 22: 1-00 6-0 44-0 43-0 
OER tldshtb Divnketieb dias; ~ O88 45 64-0 66-0 
sale RGibeis descihsiedel oxhbeneoncho i SN 4-0 76-0 75-0 
tat Retyitet Sealine an Mi ing 2-0 82-0 92-0 
a8 in N-NaOEt at b. p. ......... 4-00 8-0 56-0 42-0 
a8 in N/10-NaOEt at 25° ...... 8-00 4:5 28-0 20-0 
inieisiietetiinisenscccesssce MD 58-5 13-0 6-0 
Maui cddiectaadbiSblébwicdideek'\dke 1-00 47-5 15-0 16-0 
By... 2-00 25-5 40-0 30-0 
By.... 3-00 13-5 61-0 70-0 
By... seveeeee 24°00 2-0 82-0 91-0 
By in N/10-Naoet at 26° ...... 24-00 30-5 24-0 21-0 
thoxy ... . 24-00 2-0 82-0 84-0 
Ethoxy at b. P. ‘with N-NaOEt 2-00 8-0 56-0 48-0 
Ethoxy ,, s 4-00 8-0 59-0 52-0 
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From these results it can be concluded that the ethoxy-ester is formed from 
the af-ester. 

Ethyl a-Methylherenoates (III and IV).—Butaldehyde (72 g.) was condensed 
with ethyl a-bromopropionate (181 g.) and Zn (65 g.) in 600 c.c. of dry C,H,,a 
vigorous reaction giving a 70—80% yield of ethyl B-hydroxy-a-methyl-n-hexoate, 
The ester purified by hydrolysis and re-esterification had b, p. 110°/19 mm,, 
ad 0-9639, n%" 1-4306, [Rz]p 46-69 (calc., 46-94) (Found: C, 62-2; H, 10-4. 
C,H,,0; requires C, 62-1; H, 10-4%). 

The acid after crystallisation from hexane had m. p. 50° (Found: C, 57:8; 
H, 9-7; M, monobasic, 147-7. C,H,,0, requires C, 57-5; H, 9-7%; M, 
146-1). 

It was found impossible to dehydrate this acid with Ac,O, an acetylated 
product being formed. 

The ester could not be satisfactorily dehydrated by Darzens’s method 
(Compt. rend., 1911, 152, 1601), but P,O, gave good results. The hydroxy- 
ester (50 g.), dissolved in 200 c.c. of dry C,H,, was boiled under reflux with 
P,O, (50 g.) for 3 hrs., the C,H, solution filtered off, and the solid extracted 
with C,H,. The combined C,H, solutions gave, on evaporation, a crude 
unsaturated ester (26 g.), b. p. 60—69°/12 mm., J 60-0, and 12 g., b. p. 70— 
80°/12mm.,J 50-0. The lower fraction was hydrolysed and partially esterified 
for 5hrs. The proportions of reagents used for this and other partial esteri- 
fications were 230 c.c. EtOH and 100 c.c. N-ale. HCl per g.-mol. of acid; these 
are more economical than those formerly used (Eccott and Linstead, J., 1929, 
2153; Kon and Thakur, loc. cit.). The ester, J 77-5, was hydrolysed with 
cold 5% aq.-ale. alkali, and again esterified for 3 hrs.; the product then had 
J 79-3; after one more hydrolysis and esterification for 1 hr., it was taken as 
pure By-ester; it had b. p. 68—69°/16 mm., d2*" 0-8847, nv" 1-4251, [Rz]p 45°12 
(Found: C, 69-3; H, 10-2. C,H,,0, requires C, 69-2; H, 10:3%). 

Subsequently, doubts arose regarding the purity of the material obtained 
in this way, which appeared to contain some closely related compound (not the 
af-ester). The By-ester was therefore synthesised by an alternative method 
which is described on p. 2453; this had b. p. 78°/25 mm., d%" 0-8778, np” 
1-4237, [R; |p 45-36, J 82-0. This value is sufficiently close to that found above, 
and the reference curve given below therefore requires but little correction. 
The pure ester was employed to check the value for the final equilibrium 
(6 hrs.) given on p. 2455. 

For the prep. of the pure af-ester, the crude By-acid was boiled for 2 days 
with 10 equivs. of 25% KOH aq. The recovered acid (J 25 in 10 mins.) was 
partially esterified for 24 hrs. (J 6-6) and finally treated with cold 70% H,S80, 
(Linstead, this vol., p. 115), and the lactone formed removed; the pure 
af-acid had b. p. 118°/11mm., d%” 0-9627, n®” 1-4601, [Rz]p 36-45 (cale., 35°71), 
J 0. The — ester, prepared through the Ag salt, had b. p. 72°/10 mm., 
d22"0-9031, n?” 1-4407, [Rz]p 45°61 (calc., 44-95); another specimen was pre- 
pared by boiling the pure acid with N-ale. HCl and was very similar im 
properties. 


Byaseecions. Reference curve. 


Mixture, % be Web ee 100 90 75 50 25 10 0 
Fg WG Wrccccssecciice. 10 10-1 25-2 49-2 68-5 76-3 . 802 


The equilibration results (8 expts.) are given on p. 2455 
The properties of the equilibration products show that little or no formatio 
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of ethoxy-ester takes place. This was confirmed by analysis (Found, in the 
py-ester equilibrated for 3-1 hrs.: C, 68-9; H, 9-9. Found, in the af-ester 
equilibrated for 5 hrs.: C, 69-5; H, 10-2. C,H,,O, requires C, 69-2; H, 
103%). The recoveries of unsaturated esters in the above expts. averaged 
80—82%. 

Ethyl B-Methylpentenoates.—The esters described by Kon and Nargund 
(following paper) were used in conjunction with their reference curve. 

Equilibrations. The af-ester after 43 hrs.’ treatment appeared from its 
physical properties to contain ethoxy-ester, although the amount was not 
sufficient to be detected by analysis (Found: C, 67-8; H, 9-8. C,H,,0, 
requires C, 67-6; H, 9-9%). The final equilibrium was therefore determined 
by equilibrating artificial mixtures of the two esters: the result (4 expts.) is 
given on p. 2455. The recovery of esters was about 82%. 

Bthyl aB-Dimethylpentenoates.—The af-acid (Abbott, Kon, and Satchell, J., 
1928, 2514) was purified by partial esterification; owing to the low rate of 
esterification, it was warmed for an hr., then left over-night. The recovered 
acid had b. p. 114°/11 mm., d2” 0-9854, n®” 1-4720, [Rz]p 36-40, and did not 
change after a further partial esterification. The pure ester, obtained through 
the Ag salt, had b. p. 68°/10 mm., d22" 0-9156, n?” 1-4453, [Rz]p 45-40 (cale., 
44-95), J 1-5. The By-acid was obtained as described by Abbott, Kon, and 
Satchell (loc. cit.), except that Darzens’ method was used for the dehydration 
of the hydroxy-ester. The crude ester was subjected to partial esterification 
for 1 hr., and the recovered acid again treated for 4hrs. The products were 
practically identical, that first obtained, b. p. 63°/12 mm., d%” 0-9011; nj} 
14298, [R,]p 44°73, being taken as pure and used for the reference curve. 


Equilibration. Reference curve. 
Mixture, % af ...... 100 90 75 50 25 10 0 
RUE Seviccicessescose | PO 110 250 435 575 62:0 66-4 

As the mobility of the system was low, the final equilibrium was determined 
by equilibrating mixtures for 24 hrs.: the result (3 expts.) is given on p. 2455. 

The recovery of equilibrated material varied from 75 to 86%; no addition 
of EtOH was observed. The final equilibrium mixture was analysed (Found 
C, 69-4; H, 10-1. C,H,,O0, requires C, 69:2; H, 10-3%). 

Ethyl cycloPentenylacetates.—The af-ester, prepared from the pure acid 
through the Ag salt, had b. p. 96°/15 mm., d%” 0-9829, n?" 1-4728, [Ry]p 43°80 
(calc., 42-75). The By-ester was prepared by partial esterification of the 
By-acidfor 12hrs. The ester was hydrolysed, and again esterified for 4 hrs., the 
resulting ester having b. p. 85°/15 mm., d2" 0-9699, nj?" 1-4545, [Rz]p 42°78. 

Equilibrations. Reference curve. Owing to the high addition of the By-ester 
a reaction time of 10 mins. was adopted, and the curve was constructed from 
the following values : 


Mixture, % af ...... 100 90 75 50 25 10 0 
PRUE Nischiatdiccdnctns| . OL 11-7 26-3 49-9 71-0 83-7 89-2 


The result of the equilibration (12 expts.) is given on p. 2455. The recovery 
of unsaturated material was about 78%. 

The fully equilibrated af-ester had d%" 0-9814, n?" 1-4656 (Found: C, 70-1; 
H, 90. C,H,,O, requires C, 70-1; H, 90%), and the fully equilibrated 
By-ester had d2%” 0-9822, n®” 1-4655 (Found: ©, 70-0; H, 92%). The pro- 
perties cale. for a mixture containing 60% af-ester are dt" 0-9809, n}” 1/4655. 
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Attempted Alkylation of Ethyl cycloPentenylacetate.—({1) The ester (15-4 g,) 
was treated with a solution of Na (2-3 g.) in dry EtOH (28 c.c.), an excess of 
Mel added, the mixture boiled for 2—3 hrs., and the ester recovered. Nearly 
the whole of it boiled at 100—103°/17 mm. and had the properties of the 
equilibrium mixture of the unmethylated esters (d?"" 0-9818, n?” 1-4655). 

(II) The expt. was repeated, K being used instead of Na, and the excess of 
EtOH removed under reduced press. before the ester (9 g.), dissolved in dry 
Et,O, was added. The recovered ester (5 g.) had b. p. 102—-109°/26—28 mm., 
d2* 0-9774, n®* 1-4626, J 44-0. 

(III) The ester (15 g.) was treated with ‘“‘ molecular ’’ Na in C,H,. There 
was much darkening, but only a part of the metal dissolved. Mel was added 
after 2 hrs., and the mixture heated until neutral. A fraction (6 g.), b. p. 
94—103°/24 mm., dt" 0-9698, n?” 1-4608, was recovered. 

The ester thus appeared to be unmethylated, but as analysis would not 
enable a decision to be made, the crude ester was treated with NaOEt for 
12 hrs. The equilibrated parent ester has J 40-3 in 10 mins., and the equili- 
brated a-methyl ester has J 15-0 in 30 mins. The addition of the product 
after equilibration should therefore give a better indication as to whether 
methylation has taken place. 

The ester obtained in this way in expt. III had n?" 1-4652,J 36-0 in 10 mins.; 
the ester from expt. II was equilibrated for 1 hr., and had n}}* 1-4637, J 35-5 
in 10 mins., and these values did not change on re-equilibrating for 9 hrs. 

The experiments show that no appreciable methylation has occurred. 

Ethyl a-Methylcyclopentenylacetates.—The pure solid af-acid (Wallach and 
Martins, Annalen, 1909, 365, 273; Kon and Thakur, loc. cit.) was esterified 
through the Ag salt; the ester had b. p. 96°/12 mm., d?” 0-9826, n}” 1-4754, 
[Rz]p 48-21 (cale., 47-37). The By-ester was prepared as described by Kon and 
Thakur (loc. cit.), and had b. p. 79°/6 mm., d?” 0-9611, n#” 1-4534, [Rp 47:32, 
in good agreement with their figures. 


Equilibrations. Reference curve. 


Mixture, % a8 ...... 100 90 75 50 25 10 0 
To, Mp secnseseseccecsese Ee 11-9 26°5 51-2 70-0 78:3 82:7 


The result (14 expts.) is given on p. 2455. The recovery of unsaturated esters 
was about 77% in the equilibrations of short duration (}—4 hrs.), but much 
less in the long ones (90 hrs.) owing to the hydrolysis which occurred. There 
was, however, no addition of EtOH (Found: C, 71-1; H, 9-7. Cale. for 
CyoH,,0,: C, 71-4; H, 9-6%). 

Ethyl a-Methyleyclohexenylacetates (XIII and XIV).—The pure af-acid, 
m. p. 78—79° (Auwers and Ellinger, Annalen, 1911, 387, 230; Kon and 
Thakur, loc. cit.), was converted through the Ag salt into the ester, b. p. 109°/ 
10 mm., d?" 0-9720, nn 1-4773, [Rz]p 53-07 (cale., 51-99). The By-ester was 
prepared as described by Kon and Thakur and had b. p. 104°/13 mm., a 
0-9618, n2” 1-4613, [Rz]p 52-00. 


Equilibrations. Reference curve. 


Mixture, % af ...... 100 90 75 50 25 10 0 
FJ, % seessecsrereeeeee 32 126 26-4 445 57-7 63:0 65:7 


The equilibrium was determined by equilibrating suitable mixtures for al 
days. The result (4 expts.) is given on p. 2455. The recovery of the equili- 
brated esters was good, considering the long duration of the expts.: out of 
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9-5 g. of By-ester, 4-5 g. were recovered after 131 days’ treatment, together 
with 1 g. of higher-boiling material possibly containing an addition product. 
The low fraction was free from ethoxy-ester (Found: C, 72-5; H, 9-8. 
Cale. for C,,H,,0,: C, 72-4; H, 9-8%). 


The authors thank the Royal Society and the Chemical Society for grants, 
and the Trustees of the Carnegie Research Fund for a scholarship awarded to 
one of them (G. W. G. M.). 


IMPERIAL COLLEGE, Lonpon, S.W. 7. (Received, July 12th, 1932.] 





362. The Dehydration of B-Hydroxy-esters. 
By G. A. R. Kon and K. 8. Nareunp. 


ALTHOUGH many a®- and #y-unsaturated acids have been prepared 
by the Reformatski reaction and dehydration of the resulting 
hydroxy-compound, no attempt has yet been made to compare the 
action of different dehydrating agents. 

A few representative examples of open-chain and cyclic B-hydroxy- 
esters (obtained by the Reformatski reaction from the appropriate 
ketones; compounds derived from aldehydes have not yet been 
examined) have now been dehydrated with phosphoric oxide, 
phosphoryl chloride, potassium hydrogen sulphate, and thionyl 
chloride in presence of pyridine. Phosphoric oxide and thionyl 
chloride gave the best yields of the unsaturated ester: the former 
reagent also gave a maximum, and phosphoryl chloride a minimum, 
proportion of By-ester in the product. 

A number of the open-chain hydroxy-esters required were ob- 
tained by using ethyl chloroacetate in place of the bromoacetate ; 
it was not found necessary to add copper powder as recommended 
by Nieuwland and Daly (J. Amer. Chem. Soc., 1931, 53, 1842). 
cycloPentanone and cyclohexanone do not react with ethyl chloro- 
acetate either with or without the addition of copper powder, and 
a condensation product could not be obtained from acetophenone 
as described by the American authors. 

From the properties of $-propyl-A*-hexenoic acid, now obtained 
pure for the first time, it appears that the value for the equilibrium 
of this acid with its Ac-isomeride given by Kon and May (J., 1927, 
1549) is of the right order and it was not deemed necessary to 
redetermine it exactly. 

Materials.—Methy1 ethyl, diethyl, and diprepyl ketones condensed with 
ethyl chloroacetate diluted with C,H, (300 c.c. per g.-mol.) in presence of Mg 
powder and a trace of I,, giving yields of 40—48% of hydroxy-ester. cyclo- 
Hexanone gave only 15%, much cyclohexenylcyclohexanone being produced. 


The sole product formed from cyclopentanone was cyclopentylidenecyclo- 
pentanone: a good deal of this ketone was also produced in the reaction with 
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ethyl bromoacetate and necessitated a special purification of the hydroxy. 
ester. 

Dehydration of the Hydroxy-esters.—(1) With phosphoric oxide or phosphoryl 
chloride. The ester (1 mol.) was diluted with 3 vols. of CsH, and boiled under 
reflux for 3 hrs. with P,O, (1-25 mols.) or POCI, (slight excess); H,O was then 
added, and the ester isolated in the usual way. Distillation with P,O, under 
reduced press. in absence of C,H, was less satisfactory. 

(2) With thionyl chloride. Darzens’s instructions (Compt. rend., 1911, 1§8, 
1601) were followed exactly. 

(3) With potassium hydrogen sulphate. Equal wts. of KHSO, and ester were 
heated at 160—180°, H,O added to the cooled product, and the ester isolated by 
extraction with Et,0; in some cases it was distilled in steam before extraction. 

Analysis of the Product.—The proportion of a8- and By-unsaturated isomerides 
in the dehydration product, which was purified by distillation under reduced 
press., was determined by Linstead and May’s iodometric method (J., 1927, 
2565), the reaction time being 1 hr. and the solvent CHCl,. Reference curves 
for the iodine addition (J) were constructed from data already available or 
obtained from the pure esters. The physical properties of the mixtures of 
esters were determined in every case as a check but are not recorded. 

The proportion of unchanged hydroxy-ester in the product was insignificant 
except when KHSOQ, was the dehydrating agent. 

Ethyl B-Hydroxy-B-methylvalerate.—Pure solid B-methyl-A*-pentenoic (f- 
methyl-8-ethylacrylic) acid (Fichter and Gisiger, Ber., 1908, 41, 4707) was 
esterified through its Ag salt, prepared in the cold; the ester had b. p. 68°/14 
mm., a?" 0-91375, n® 1-4424, [R;]p 41-15 (calc., 40-33). The By-ester wasa 
pure specimen, prepared by the partial esterification of the Py-acid (Kon and 
Linstead, J., 1925, 127, 616); its properties will shortly be described. 
The reference curve was constructed from the following values : 

Mixture, %af ...... 0 10 25 50 75 90 100 
ee | 72-8 65-9 46-9 24-3 11-5 3-4 
Dehydrations. . 


A % aB- % % aB- 
Reagent. Yield. J. Ester. Reagent. Yield. J. Ester. 
P.O, 82 55-2 39-5 SOCl, 77 44-2 53-5 
POCI, 80 36-6 62-0 KHSO, 50 40-1 57:5 


Ethyl. B-Hydroxy-B-ethylvalerate.—fB-Diethylacrylic acid (Kon, Leton, 
Linstead, and Parsons, J., 1931, 1411) was converted through its Ag salt into 
the ethyl ester, b. p. 77°/14 mm., d?"" 0-90432, n”” 1-4440, [R]p 45-82 (cale., 
44:95). The fy-isomeride was prepared as described by those workers and 
had the properties recorded by them. A reference curve was constructed 
from the following values : 


Mixture, %af ...... 0 10 25 50 75 90 100 
Ph SRS ern i 68-8 62-1 47:0 27:3 14-2 46 
Dehydrations. 

0/ % afp- of % ap- 

/o /0 2 iA 
Reagent. Yield. J. Ester. Reagent. Yield. J. Ester. 
P,O,; 65 62-6 23-5 SOCI, 70 47-1 50-0 
POC], 65 32-6 68-0 KHSO, 60 36-1 63-5 


Ethyl B-Hydroxy-B-propylhexoate.—fB-Dipropylacrylic acid (Kon and May, 
loc. cit.) was purified by two partial esterifications for 12 and 24 hrs. re 
spectively. It then had b. p. 132°/14 mm.,d%™ 0-94859, n2”" 1-4670, [Rrlo 
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45-63 (calc., 44-84), andJ 1-1. The Et ester prepared through the Ag salt had 
b. p. 96—97°/14 mm., d?)” 0-89537, n?” 1-4470, [Rz]p 54-91 (cale., 54-19). 

Crude f-propyl-A®-hexenoic acid (Kon and May, loc. cit.) was partially 
esterified for 3 hrs. ; the ester obtained had b. p. 98—100°/17 mm., dj" 0-89050, 
n2” 1-4366, [R,]p 54-09, J 71-5. Its purity was proved by hydrolysing it in 
the cold with 5% ale. KOH to the pure Af-acid, b. p. 135° /15 mm.,d??” 0-93577, 
n®”” 1-4505, [R,]p 44-80 (calc., 44-84). When this was re-esterified for 3 hrs., 
an ester with J 70-9 was obtained. The reference curve was constructed from 
the following values : 


Mixture, % aB ...... 0 10 35 50 75 90 100 
ho Me. ded cecsiocoes eveves, Em 68-7 61-8 46-6 26-4 12-8 3:1 
Dehydrations. 

% % ap- % % op- 
Reagent. Yield. J. Ester. Reagent. Yield. J. Ester. 
P.O; 80 61:9 240  Ssocl, 78 52-1 31-5 
POOL, 60 455 615 #KHSO, 68 45-7 . 610 


Ethyl B-Hydroxy-aB-dimethylwalerate.—The reference curve given by Kon, 
Linstead, and Maclennan (preceding paper) was employed. 


Dehydrations. 

we % oB- % % ape 
Reagent. ‘Yield. J. Ester. Reagent. Yield. J. Ester. 
P,O, 75 56-3 28-0 soci, 79 53-4 33-0 
POCI, 65 47-5 43-0 KHSO, 65 56-0 28-0 


Ethyl cycloHexanolacetate.—The reference curve given by Kon and Linstead 
(J., 1929, 1269) was employed. 


Dehydrations. 

9 % ap- % % oB- 
Reagent. Yield. J. Easter. ‘Reagent. Yield. J. Ester. 
P.O, 68 70-2 190 B80Cl, 70 «628 ©3820 
POCI, 64 650 430 KHSO,* 60 540 4650 


tag product in this case evidently contained some unchanged hydroxy- 
ester. 

Ethyl cycloPentanolacetate.—This hydroxy-ester always contains an appreci- 
able quantity of cyclopentylidenecyclopentanone, from which it cannot be 
separated by fractionation. The crude ester was therefore hydrolysed to 
the acid, and the latter recrystallised; on esterification of the acid by boiling 
for 3 hrs. with ale.-HCl, a product consisting almost entirely of the two un- 
saturated esters was obtained. It had J 57-4 (dj! 0-98686, nif* 1-4603) and 
was practically unchanged by further treatment with P,O;. The hydroxy- 
acid was therefore esterified through the Ag salt, and the pure ester, b. p. 
108°/14 mm., d%* 1-0343, n®” 1-4515, used for dehydration experiments, in 
conjunction with the reference curve given by Kon, Linstead, and Maclennan 
(preceding paper). 
Dehydrations. 

o 


% 6 aB- % % ape 
Reagent, Yield. J. Ester. Reagent. Yield. J. Ester. 
P.O, 72 67-2 30-0 SOcl, 66 45-0 . 600 
POCI, 70 42-6 58-0 KHSO, 66 59-7 38-0 


The authors thank the Chemical Society for a grant. 
IupeRiat CottecE, Lonpon, 8.W. 7. (Received, July 12th, 1932.) 
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363. Llectrometric Studies of the Precipitation of 
Hydroxides. Part V. Tervalent Gold Chloride 


Solutions. 
By Hupert T. 8. Britton and Eric N. Dopp. 


EveEN though hydrochloroauric acid and its salts are known in the 
crystalline form, there is a complete absence of physicochemical 
evidence of its behaviour in solutions as a monobasic acid. The 
only work recorded is the conductivity measurements of Kohlrausch 
(Z. physikal. Chem., 1900, 33, 272), from which he concluded that, 
not only did the molecule of hydrochloric acid contained in hydro- 
chloroauric acid exist in solution as such, but the auric chloride 
underwent appreciable hydrolysis. Perhaps the fact that dilute 
hydrochloroauric acid solutions form no precipitate on addition of 
alkali has been considered as favouring the view of their acid 
nature. The present work, which consists of a detailed study of 
the reaction of sodium hydroxide with solutions of hydrochloroauric 
acid, confirms the conclusions of Kohlrausch and also provides 
further evidence of the amphoteric nature of auric oxide and of the 
formation of aurates, e.g., NaAuQ,, in solution. 


Two samples of “‘ gold chloride,” were used, one agreeing with the formula 
HAuCl,,3-8H,0, and the other with HAuCl,,2H,O. The different H,0 
contents were due to deliquescence, and the Au was estimated by the method 
of Vanino and Seemann (Ber., 1899, 32, 1968). Conductivity and p, measure- 
ments revealed no difference between solutions having the same concn. and 
prep. from the two products. 

The glass electrode was used for the measurements of the py values (see 
Britton and Dodd, this vol., p. 1940). These were determined at 18° and the 
specific conductivities were measured at 25°. Preliminary glass-electrode 
titrations of HAuCl, solutions indicated that the py values set up on the 
addition of alkali were dependent on the length of time allowed before making 
observations. This was due, not to sluggishness of the glass electrode, but 
to the slowness of the attack of the alkali on the HAuCl,. Curves A and B 
(see fig.) are the titration curves of 50 c.c. of 0-004M-HAuCI, with 0-0392N- 
NaOH added in 2-c.c. portions, the potentials being measured, respectively, 
as rapidly as possible (within 1 min.) and 5 mins. after the addition. Neither 
of these two curves was reproducible. Curve C, however, which refers to 4 
series of solutions of const. vol. that had stood until no further reaction 
occurred, as indicated by py changes, is reproducible. The time required was 
about 2 days. The solutions were prep. by adding the desired vols. of 
0-0196N-NaOH to vols. of 10 c.c. of 0-02M-HAuCl, and then diluting each 
to 60 c.c. 

The immediate titration curve, A, shows that the sudden increase in py 
caused by the presence of unattacked alkali occurred with 3 mols. of NaOH; 
in the second curve, B, the inflexion was produced with appreciably less than 
4 mols., whilst in the final curve, C, it was delayed until exactly 5 mols. had 
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been added. In none of the reactions was any ppt. formed, neither was any 
turbidity produced. The fact that 1 mol. of alkali had to be added in addition 
to the stoicheiometrical amount, viz., 4 mols., was evidently due to the form- 
ation of sodium aurate, NaAuO,, in the solution. The three curves coincide 
exactly during the addition of the first mol. of alkali, whilst B and C coincide 
during the reaction with yet another 2 mols. Curves 1, 2, and 3 give further 
evidence of the time required for the reaction of 4—4-5 mols. of alkali, since 
they represent respectively the reaction after }, 1, and 3 hrs. 

Curve D gives the spec. conductivities at 25° of the mixtures (see above, 
Curve C) that had been allowed to stand for 2 days. It shows a rapid fall 
in spec. conductivity dur- 12 ; 
ing the reaction with the or 
first 1-5 mols. of NaOH, il MA ff 
then a uniform rise until 4 
5 mols. had been added, 10 / 
after which the slope pro- 
duced is that due to free 
alkali. The broken line, 
marked ky,c, (D), corre- A B C 
sponds to the spec. con- . - 
ductivity that would have & Al 
been caused by the NaCl 7 - ik 
alone if the NaOH added 4 h 
up to 4 mols. had been 6 
converted into an equiv. ' 
amount of NaCl. It is 5 
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of a  conductometric ‘ 
titration performed as 
quickly as possible, 0 l 2 $4 5.5 4 
though owing to the time NaOH, mols. 

required to bring the solution in the cell to 26°, 6—8 mins. elapsed before 
each new addition of 2 c.c. of alkali could be made. It corresponds to the 
titration of 60 c.c. of 0-0033M-HAuCl, with 0-0392N-NaOH. In this curve 
the final break occurs at 4 mols., and the slope thereafter, being exactly that 
which would be produced by free alkali, shows that in the time allowed the 
reaction had proceeded a little farther than in the comparable p, titration 
shown by Curve B. Whilst the initial sections of D and E are similar, as 
would be expected from the corresponding portions of A, B, and C, that 
portion of E between 2 and 4 mols. of alkali lies above the theor. curve 
for NaCl, 
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Discussion. 

From each of the curves shown, it is evident that the reaction 
which took place during the addition of the first mol, of alkali was 
the neutralisation of the hydrochloric acid present in hydrochloro- 
auric acid, This is made clear in the table, which gives the data 
corresponding to the first section of curves C and D. The py, data 
in col. 2, moreover, show that the concentrations of hydrogen 
ions of the solutions during the addition of 1-5 mols. of alkali were 
even greater than could be set up by the single mol. of hydrochloric 
acid, and consequently the remaining mol. of auric chloride must 
have been undergoing hydrolysis, the extent of which is given in 
col. 3. As the free hydrochloric acid was neutralised, the hydrolysis 
rapidly increased from 6-5 to 233%. Assuming that the first 
1-5 mols. of alkali reacted to form sodium chloride, it is possible to 
calculate (i) py values at 18° and « at 25° of 0-003333M-HAuC), 
solutions containing various amounts of sodium hydroxide, (ii) the 





NaOH x X 103. 

HAuCl,’ Hydrolysis = Kos. - ‘ ~ 
mols. Pu- of AuCl,;, %. x 10%. HCl. NaCl(calc.). Total. 
0-00 2-45 6°45 1-40 1-48 0-00 1-48 
0-25 2-56 7-70 1-22 1-14 0-10 1-24 
0-50 2-71 8-52 1-07 0-83 0-20 1-03 
0-75 2-90 12-90 0-90 0-54 0-31 0°85 
1-00 3-11 23-30 0-75 0-33 0-42 0-75 
1-25 3°37 —_ 0-67 0-18 0-50 0-68 
1-50 3-63 — 0-66 0-09 0-58 0-67 


specifie conductivity established by the hydrochloric acid, from the 
Px value and A, at 25°, and (iii) the contribution made by the 
sodium chloride. The last were read off from a concentration- 
specific conductivity curve of sodium chloride (Stearn, J. Amer. 
Chem. Soc., 1922, 44, 670). It will be seen that the sums of these 
items given in the last column are almost equal to the observed 
specific conductivities, and therefore the basic portion of the auric 
chloride could not have been appreciably ionised. Hence the first 
stage of the reaction may be represented as 


HAu(Cl, + #H,O —+> (1 + x)HCl + AuCl;_,(OH),. 
The lack of simple ionisation and the probable heterogeneous nature 
of the basic gold chloride would explain why the attack of alkali 
is a time reaction as shown by the direct electrometric titration 
curves. According to Hittorf and Salkovsky (Z. physikal. Chem., 
1899, 28, 546), auric chloride exists in solution in the form 

H,O + AuCl; => H,AuOCl, == 2H" + AuOCl,”. 


They showed that the gold existed in the complex anion. It is 
likely that in these titrations the initial effect of the alkali was to 
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react with the basic gold chloride to form a stable negatively charged 
complex, thus 


NaOH ~+- AuCl;_,(OH), —> Na’ + AuCl;_,(OH)’,. 1, 


which, as the result of the subsequent slow reaction, broke down to 
give sodium aurate and sodium chloride. The complex nature of 
the auric chloride solutions is also apparent from its reactions with 
silver nitrate and silver carbonate: Jacobsen (Compt. rend., 1908, 
146, 1213) states that the precipitate obtained with the former is 
4AgCl,Au(OH),, whilst Hittorf and Salkovsky (loc. cit.) state that 
with the latter it is Ag,AuOCl,. 


The authors thank the Government Grants Committee of the Royal Society 
and the Advisory Council of the Department of Scientific and Industrial 
Research for grants. 
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364. Llectrometric Studies of the Precipitation of 
Hydroxides. Part VI. WSexavalent Uranium 
Chloride Solutions. 


By Husert T. 8. Brirron and Artaur E. Youna. 


WirH one exception, viz., uranic fluoride, the stable, salts of sexa- 
valent uranium exist in the uranyl form. On the other hand, the 
existence of uranyl kations in solution is by no means proven (see 
Dittrich, Z. physikal. Chem., 1899, 29, 449; Kohlschiitter, Annalen, 
1900, 311, 1; Ley, Ber., 1897, 30, 193; 1900, 33, 2659). Britton 
(Part IV; J., 1925, 127, 2151) carried out an oxygen-electrode 
titration of a nitric acid solution of sexavalent uranium to ascertain 
whether uranic hydroxide was able to combine with more than 
2 equivs. of nitric acid, but the results were vitiated by the un- 
certainties inherent in the use of the electrode. The quinhydrone 
electrode, having now been found to function reversibly in the 
presence of sexavalent uranium, has been used in this work, which 
consists of potentiometric and conductometric titrations with alkali 
of hydrochloric acid solutions of uranyl chloride. 





A typical pair of electrometric titrations is that of a solution containing 
sufficient HCl to form U(OH),.9Cls-¢9, some of the data of which are given in 
cols. 4 and 5 of the table. 

The pg curve is plotted in the upper part of Fig. 1 and the corresponding 
eonductometric curve in the lower part. The first section of both curves 
corresponds to the neutralisation of free acid, which, in both cases, terminates 
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Quinhydrone electrotitration at 18° and conductometric titration at 25° of 100 c.c. 
of solutions, 0°008925M-U and 0-05004M-CI [i.e., 0-008925M-U(OH)». gCls.49] 
with 0-0965N-NaOH. 












































NaOH 
=—_—___—_— Pu «x x 108 KCl KNaCl 
C.c. equivs. obs. @. obs. x 103, <x 108. «xp Xx 103. 
0-97 0-5 1-52 3-92 13-10 12-79 0-12 0-19 
5-60 1-0 1-60 3-97 11-40 10-64 0-62 0-14 
10-23 1-5 1-70 3-96 9-85 8-45 1-08 0-32 
14-85 2-0 1-80 4-04 8-40 6-71 1-48 0-21 
19-48 2-5 1-94 4-04 7-02 4-86 1-85 0-31 
24-10 3-0 2-16 3°96 5-80 2-93 2-19 0-68 
28-73 3°5 2-57 3°89 4-61 1-14 2-50 0-97 
33°35 4-0 3-78 4-02 4-00 0-07 2-79 0-14 
37-98 4:5 4-23 4-51 3-88 0-02 3-02 0°84 
42-60 5-0 4-78 5-00 3-81 0-006 3°27 0-53 
47-23 5-5 5-88 5-50 3-75 0-001 3-50 0-25 
51-85 6-0 — — 3-72 ~— 3°72 os 
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slightly before the solute acquired the composition UO,Cl,. Much of the 
rapid diminution in specific conductivity can be accounted for by the removal 
of HCI and the substitution of an equiv. quantity of NaCl. Thus the values 
of kyo, given in col. 6 of the table were calc. from the observed pg values (it 
being considered that no appreciable error would be introduced by the fact 
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that the py, values were determined at 18° while the conductometric titration 
was performed at 25°), A,, of HCl being taken as 423-6 (Jeffrey and Vogel, this 
vol., p. 400), and the values of xy,¢, were calc. on the basis of the measure- 
ments of Walden (Z. physikal. Chem., 1888, 2, 49). These spec. conductivities 
are plotted in Fig. 1, and so alsoare the sum of kyo, and ky, for each titre, which 
curve lies only just below the exptl. curve. If the assumptions involved in 
these calculations are valid, then only very little conductivity (xg) remains to 
be attributed to the basic uranium chloride, the precise amounts being given 
by the broken line at the bottom of the diagram. During the neutralisation of 
the acid, the solution remained pale yellow, but afterwards it became intensely 
yellow until the solute had acquired the composition, U(OH),.,Cl».g, whereupon 
U(OH), began to be pptd., and not sodium diuranate, as is often stated, for the 
conductivity of the alk. solution was very nearly that which would have been 
produced by an excess of alkali over 6 equivs. That the diuranate was not 
pptd. was also proved by a glass-electrode titration. 

An attempt was made to ascertain from the pq values the exact amount of 
HCl present in the solution at each titre, in order to find whether the U(OH), 
had actually combined with more than the 2 equivs. required to form UO,Cl,. 
In this way, it was possible to compute the composition of the basic 
U(OH),Cl,_, at any stage of the reaction. From the values of x so obtained 
and recorded in col. 4, it follows that comparatively little HCl had combined 
beyond the uranyl stage, for until that stage had been reached the values of « 
did not deviate greatly from 4. It is significant, however, that the value of # 
corresponding to 3-5 equivs. is 3-9, which seems to indicate that a trifling 
amount of HCl had combined beyond that required to form UO,Cl,. Other 
potentiometric curves have led to the same conclusion; in general, however, 
they show that UO,Cl, chiefly exists as such in solutions containing an excess 
of acid. 


One of the authors (A. E. Y.) thanks the Senate of this College for a grant 
from the Andrew Simons Research Fund. 


University CoLLEGE, EXETER. (Received, July 16th, 1932.] 





365. The Automatic Control and Recording of 
Hydrogen-ion Concentration by Means of the Glass 
Electrode. 


By CHARLES Morton. 


In many researches in which accurate p, control is of importance, 
the use of automatic devices for regulating and recording the 
concentration of hydrogen ions is rendered difficult by the paucity 
of suitable indicating electrodes. Similar difficulties are encountered 
in technical applications of hydrogen-ion control, especially in the 
sugar, paper, leather, and photographic industries. Attempts have 
been made to use the oxygen or metal—metallic oxide electrodes for 
controlling purposes in large-scale operations: as, however, the 
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electrode reactions are irreversible, the calibration is unstable and 
empirical, and the accuracy of a low order. 

The instrument now described is designed for use with the glass 
electrode, and may be employed for recording (with an accuracy of 
+1 millivolt) potentials which are otherwise inaccessible. The 
regulator may be arranged to give warning, by means of electric 
bells or other devices, whenever a change of predetermined magni- 
tude occurs; alternatively, limits may be set to the travel of the 
recording pen to provide for the automatic control of the conditions 
under investigation, and electric currents up to 10 amps. at 250 
volts may be made or broken without the use of an intermediate 
relay. As no appreciable electrical load may be imposed upon the 
source of #.M.F., thermionic valves are of necessity used for 
amplifying purposes: the design is such, however, that the cali- 
bration is permanent and independent of changes in the variable 
battery voltages and valve characteristics, and the instrument may 
be relied upon to function continuously for many months without 
attention. The recorder may be used also for controlling or recording 
photoelectric or other minute leakage currents, the current sensitivity 
being approximately 10° times that of the standard thread recorder. 

General Principles.—The accuracy of a thermionic voltmeter or 
electrometer is determined ultimately by the stability of the zero. 
In general, the rate of zero displacement due to drift of anode current 
is such that, when a sensitive thread recorder is included in the anode 
circuit of a thermionic valve, the pointer traverses the scale completely 
in the course of some 12—18 hours. In a multi-stage D.C. amplifier 
the effect is cumulative, and cascade amplification does not lead to 
any real gain in available sensitivity. Clearly, in the design of a 
recording installation which is required to function over long periods 
without readjustment, provision must be made for the abolition of 
zero drift, and in a recent communication (J., 1931, 2977) the 
author suggested a means whereby this object may be achieved, In 
this arrangement, a ballistic galvanometer is connected, in series with 
a blocking eondenser, across a resistance included in the anode 
circuit of the output valve, and the ballistic throws consequent upon 
the intermittent application of the source of Z.M.F. to the grid of 
the, input valve are noted or suitably recorded. 

Fox and Groves (J..Soc, Chem. Ind., 1932, 51, 77) have recently 
utilised this suggestion in the construction of a thermionic recording 
instrument. A deflexion method was used, the assumption being 
made that the throws are proportional in magnitude to the applied 
E.M.F. In considering the suitability of an instrument of this 
type for general use, it is important to differentiate between stability 
of zero and stability of calibration. The inclusion of a blocking 
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condenser in series with the galvanometer prevents zero displace- 
ment due to drift of battery voltages ; as, however, these slow changes 
in the battery potentials affect the sensitivity (and therefore the 
deflexion produced by a given applied potential) the calibration 
curve of a deflexion instrument varies from hour to hour. Appreci- 
able error may result also from an imperfect adjustment of the 
interval between the initiation of the ballistic impulse and the 
operation of the recording mechanism. Moreover, an instrument 
of this type cannot be arranged to operate automatic regulating or 
alarm devices.* 

For the object which Fox and Groves had in view, the errors due 
to these causes were of little or no consequence, since an empirical 
calibration scale—which was checked daily—was used, and a high 
order of accuracy was not required. It is clear, however, that for 
general purposes a deflexion instrument is unsuitable, and in the 
instrument now described these sources of error have been avoided 
by using a null ballistic method. In order to obtain adequate 
sensitivity, Fox and Groves used as the blocking condenser a 
capacity of 100 microfarads, and owing to the lengthy time constant 
of the resistance-condenser combination, were unable to record 
phenomena in which the conditions were changing somewhat 
rapidly. In the present design the speed of operation is independent 
of the electrical characteristics of the circuit, being governed solely 
by the mechanical inertia of the recording instrument. By the use 
of regeneration, the initial voltage impulse is built up to a value 
limited only by the available grid swing of the output valve, and 
high sensitivity is thus obtained. Resistance-capacity coupling is 
employed to link the various stages of the cascade amplifier; this 
makes it possible to use a common source of anode potential. 


EXPERIMENTAL. 


Circuit Arrangement and Modeof Operation.—The electrical circuit is given in 
Fig.1. The recording installation consists of (a) a ballistic recording potentio- 
meter and (b).a ballistic amplifier. The former is a modification of the standard 
recorder of the Cambridge Instrument Company, additions being made to the 
mechanism to adapt the instrument for ballistic operation. 

The circuit used in the standard recorder is similar to that employed in 
orthodox potentiometric practice. The pointer of the galvanometer (a double- 
pivoted instrument of the moving-coil type) has a cylindrical tip which swings 
between two horizontal rotatable discs mounted on a vertical spindle: this 
spindle carries also a slider moving over the horizontal semicircular slide wire. 
At intervals of approx. 10 secs. the cylindrical tip of the pointer is clamped 
between the two discs, and a cam-operated mechanism causes two scissor arms 








* A defiexion recorder, subject to similar errors and limitations, has recently 
been described by Vickers, Sugden, and Bell (J. Soc. Chem. Ind., 1932, 51, 545), 
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to move the pointer (if deflected to right or left at the moment of clamping) 
back to the zero position, thus rotating the clamping discs by an amount 
corresponding with the galvanometer defiexion. The rotation of the discs is 
transmitted also to a recording pen which moves over a continuous paper 
chart driven by an electrically-wound clock. By suitable choice of values for 
the resistances R, and R, (Fig. 1), any desired voltage range may be covered. 
In the modified recorder certain additions are made to this cycle of operations. 
Two additional cams (S, and S,, Fig. 1) are mounted on the main driving shaft 
of the recorder: SS, is arranged alternately to open and close the contacts 
C and D, and S, brings about a similar sequence of events in the contacts Z and 
F. The galvanometer coil is specially wound for ballistic operation, and is 
undamped, The wiring of the recorder is rearranged, as shown in Fig. 1, in 


Fig. 1. 
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such a manner that the galvanometer may be connected, by means of the 
standardising switch S,, either (a) in series with a standard cell across the 
potential coils for the purpose of standardising the current through the slide 
wire, or (b) to the output terminals of the ballistic amplifier. 

The sequence of events is as follows. The recording mechanism having been 
switched on, the potentiometer current is standardised in the usual manner 
and the switch thrown to the “test” position. At intervals of approx. 10 
secs., the contacts C and D close, and the relay Re is energised. The armature 
carrying the mercury switch S, is attracted, and the source of Z.M.F., in 
series with the opposing potential derived from the potentiometer slide wire, 
charges the grid of the input valve. Amplified impulses are thus impressed on 
the grids of the amplifying valves V, and V;. A transient charging current 
flows through the galvanometer, producing a ballistic throw to left or right. 
The interval between the closing of the contacts C and D and the operation of 
the recording mechanism is adjusted so that clamping occurs at the instant 
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when the pointer has attained zero velocity. Immediately afterwards, the 
contacts EZ and F close, short-circuiting the galvanometer. As has been 
explained, by the movements of the scissor arms and clamping discs the 
pointer is moved back to the zero position and the contact on the slide wire is 
moved in such a direction as to restore balance to the circuit. When this 
automatic balancing adjustment is completed, the potential impressed by the 
potentiometer on the grid of the input valve is equal and opposite to that due 
to the source of E.M./., and this potential is simultaneously recorded graphic- 
ally on the chart. In the meantime the contacts C and D open, and the grid 
of the detector valve is thus earthed in readiness for the reception of the 
succeeding impulse. The earthing of the grid causes a reverse or discharge 
current to flow along the galvanometer leads, but since the galvanometer is 
short-circuited throughout this period, the reverse surge is ineffective. At the 
conclusion of the automatic balancing and recording operation, the contacts 
E and F open, leaving the galvanometer undamped, and shortly afterwards 
the contacts Cand Dclose. Thesequence of events is then repeated, the period 
occupied by each cycle being approx. 10 secs. The ballistie sensitivity of the 
modified recorder is such that a discharge of 3-77 microcoulombs through the 
galvanometer coil causes the slider to move through a distance equal to 0-01 
of the length of the slide wire. From the above description it is clear that 
slow changes in the battery voltages and valve characteristics are without 
effect on the calibration, and further, that the only effect of an inexact adjust- 
ment of the interval between the initiation of the ballistic impulse and the 
operation of the clamping mechanism is to reduce the sensitivity to some 
extent. 

For simplicity, the mode of application of the regenerative principle has been 
omitted in the preceding description. Again referring to Fig. 1, it is clear that 
if the polarity of the unbalanced #.M.F. is such as to increase the negative 
grid bias of the detector valve, the grid of V, will receive a positive, and that 
of V; a negative, potential surge, whilst the output surge flowing through the 
galvanometer will be of positive sign. By means of the back-coupling resist- 
ance #,, this potential surge is applied to the grid of V,, where it reinforces 
the effect of the initial impulse: the effect being cumulative, the voltage 
impulse is built up to a value limited only by the available grid swing of the 
output valve. As the regenerative control is advanced, the sensitivity 
increases very greatly, until ultimately a point is reached at which rhythmic 
oscillations of the galvanometer pointer are observed. For normal operation, 
the regenerative coupling is reduced a little below this point of instability. 

When it is desired to record or control photoelectric or other minute leakage 
currents, a high resistance, through which the current is led, is connected across 
the input terminals, and a record is obtained of the potentials developed across 
the resistance : assuming the latter to be of known value, the recorder may be 
calibrated directly in micro-microamperes. 

Practical Details.—Oscillographs show that on the application of the 
unbalanced Z.M.F. to the grid of the first valve, the galvanometer current 
rises sharply, passes through a well-defined maximum, and again falls to zero : 
the initial unidirectional impulse is followed by a few damped oscillations of 
small amplitude which are apparently without effect on the galvanometer. 
The earthing of the grid during the second stage in the cycle of operations 
produces an impulse of similar wave-form but of opposite sign : this is rendered 
ineffective as already explained. The wave-form and duration of the ballistic 
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impulse are considerably affected both by the electrical constants of the 
circuit and by the regenerative effect. Reducing the time constants of the 
various resistance-capacity combinations has the effect of shortening the 
period of the discharge, but the sensitivity is also reduced somewhat. In- 
creasing the tightness of the reaction coupling greatly increases the peak value 
of the impulse; at the same time, the oscillatory character of the discharge 
becomes more and more marked, until ultimately a point of instability is 
reached at which continuous oscillations are generated. The mechanical 
inertia of the recorder being such as to necessitate comparatively slow-speed 
operation, no trouble due to “ grid choking” is experienced, and the time 
constants may be made large in order to increase the sensitivity; in the 
experimental apparatus used by the author, the time constant for the first 
stage (which determines that of the amplifier as a 
whole) is 0-5 sec. 

Complete ‘‘ decoupling ”’ is necessary to prevent 
self-oscillation due to the impedance of the common 
source of anode potential. Suitable values for the 
various resistances and condensers are as follows : 
R,,5, 100,000 ohms; R,, 0-5MQ; R,, 10,000 ohms 
(arranged as a potential divider with sliding con- 
tact); R,, 2MQ; Reg » 19, 20,000—40,000 ohms ; C, », 
1 microfarad; OC, 4 5, 2—4 microfarads. Ry, 5 5 9 1 
should be wire-wound in a non-inductive manner. 
Mica-dielectric condensers should be used for C, ». 
When the instrument is to be used for recording 
potentials upon which no electrical load may be 
imposed, the input valve should be of the “ electro- 
meter triode” type with a grid-filament insulation 
resistance of 105 ohms and average grid current of 
about 10-5 amp. The second valve should possess 
a high amplification factor, and for the final stage a 
** power” or ‘‘ super-power ” valve of high mutual 
conductance is selected. Filament, grid, and anode 
potentials are adjusted in accordance with the 
instructions of the manufacturer.* The contact of 
the Hg switch should be highly insulated, and the 
volume of Hg should be so adjusted that, during 
the transit of the switch, the second path is made before the first is broken. 
The Recording Cell.—A simple form of recording cell, suitable for use with 
continuously-flowing solutions, is illustrated in Fig. 2. The glass electrode 
is of the type previously described by the author (J. Sci. Inst., 1930, 7, 187). 
The bulb and tube are filled with an acid solution saturated with quinhydrone, 
and a terminal carrying a Pt wire which dips into the solution is fitted over the 
upper end of the tube. This type of half-cell has several advantages over the 
more usual form in which a calomel electrode is used to establish electrical 
connexion with the reference solution contained within the bulb. The 
troublesome liquid junction is eliminated, and the potential is independent of 


Fia. 2. 
































* In the installation used by the writer, V, is an electrometer valve supplied 
by the General Electric Co., Ltd., and V, and V, are Mazda P220 valves. 
Grid bias for V,, V,, and V, is supplied by the voltage drop across R,,. 
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the [H"] of the reference solution, thus permitting of a wide choice of suitable 
buffer solutions, the py values of which need not be known. The quinhydrone 
reference half-cell is more readily reproduced than those previously used, and 
the problem of providing adequate insulation is simplified. The terminal 
borne at the upper end of the high-resistance stem is highly insulated: a 
calomel electrode, on the other hand, is bulky and electrically leaky, and 
requires an independent highly-insulated support. 

The course of the flowing solution is indicated in Fig. 2 by means of 
arrows. The complete cell is of the type 


Pt | Reference solution | Glass | Test solution | Satd. KCl | H 
é Quinhydrone | ““**| (pu,) | HgCl 8 





the #.M.F’. (disregarding the asymmetry potential) being identical with that 
of the cell 
Test solution (py) | Satd. KCl 
Pe! Quinhydrone " | HgCl | He 

viz., 0-454 — 0-058 pq, at 18°. Normally the stopcock S is closed, the additional 
resistance thus introduced into the system being small compared with that due 
to the glass membrane. On opening S and turning S, through 90°, contamin- 
ated KCl aq. is discharged from the calomel electrode and connecting tube. 
The lead connecting the glass-electrode terminal with the contact of the Hg 
switch should be air-supported or otherwise highly insulated. 


Summary. 


A potentiometric regulator for automatic pq, recording or control 
in conjunction with the glass electrode is described. Powerful 
oxidising and reducing agents, suspended precipitates or colloidally- 
dispersed substances, and electrode “poisons” in general are 
without effect on the accuracy, which is of the order of -+- 1 millivolt. 
Electric currents up to 10 amps. at 250 volts—sufficient for the 
operation of electromagnetic controlling valves in large-scale oper- 
ations—may be made or broken without the use of an intermediate 
relay. The calibration is permanent and unaffected by changes in 
the battery voltages and valve characteristics. Photoelectric or 
other minute direct currents may also be recorded and controlled, the 
current sensitivity being approximately 10° times thatof the standard 
thread recorder. 

A description is given of a recording cell suitable for use with the 
glass electrode in continuously-flowing solutions. 


The author is indebted to the Cambridge Instrument Co., Ltd,, for much 
help and advice. 


CHELSEA PoLYTECHNIC, Lonpon, S.W.3. (Received, July 4th, 1932.] 
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366. The Passivity of Metals. Part VII. The 
Specific Function of Chromates. 


By T. P. Hoar and U. R. Evans. 


THe known methods of preventing corrosion of iron include the 
employment of (1) chromium in the metal, (2) soluble chromates in 
the liquid, (3) sparingly soluble chromates (pigments) at the inter- 
face. This recurrent use of chromium can hardly be accidental; 
the present paper is concerned with the specific function of the 
element. 

Oxidising agents frequently stimulate corrosion through depolar- 
isation at the cathodic areas, but sometimes retard corrosion by 
causing the secondary corrosion product to be precipitated so close 
to the surface as to stifle further attack. Thus, iron placed in 
distilled water yields at certain points ferrous hydroxide, which at 
a distance is converted by dissolved oxygen into the less soluble 
hydrated ferric oxide (rust); if through the addition of potassium 
chromate, or even through whirling in water saturated with oxygen, 
the second change is made to take place very close to the metal, 
attack is arrested (Evans, “ Corrosion of Metals,” 1926, p. 108; 
Evans, Bannister, and Britton, Proc. Roy. Soc., A, 1931, 131, 372; 
compare Forrest, Roetheli, Brown, and Cox, Ind. Eng. Chem., 
1931, 23, 650, 1010, 1012, 1084). 

The addition of potassium chromate to potassium chloride solu- 
tions brings the site of the conversion of the primary anodic product 
(ferrous chloride) into rust closer to the original point of attack (1) 
because the precipitant (sodium hydroxide) results from a cathodic 
reaction which requires an oxidising depolariser, (2) because the 
conversion of ferrous hydroxide into rust also requires an oxidising 
agent. Thus increasing additions of chromate give the following 
stages : 

(a) With little or no chromate, large mildly attacked areas appear, 
with flocculent rust. 

(b) More chromate confines corrosion to small areas, covered by 
rust blisters below which the attack is intense. 

(c) Further chromate brings the rust into optical contact with the 
metal, yielding patches of interference tints, with little or no cor- 
rosion, since the film is now protective; the tints indicate that the 
film produced becomes thinner as the chromate content is increased, 
until finally, 

(d) At high chromate contents, the film is so thin as to be invisible, 
the metal remaining unchanged to the eye. 

But if this represents the complete explanation, other oxidising 
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PART VII. 


THE SPECIFIC FUNCTION OF CHROMATES. 


agents should produce the same effect. The experiments described 
below indicate that other oxidising agents have far less inhibitive 
power than chromates, and that the addition of sodium hydroxide 
and potassium chromate to ferrous sulphate (whichever is added 
first) yields a mixture of ferric and chromic oxides; the spinel 
FeO,Cr,03, sometimes suggested as the cause of protection, is not 
produced. Furthermore, the rust obtained during partial inhibition 
with chromate, and the invisible film produced during complete 
inhibition, both contain tervalent chromium, thus suggesting that 
inhibition by chromates, like the immunity of chromium steels, is 
attributable to a mixture of chromic and ferric oxides. 


EXPERIMENTAL. 


Materials.—The dead-mild steel used (MS 1), kindly supplied by Dr. W. H. 
Hatfield, contained C, 0:03; Mn, 0°38; Si, 0°01; 8S, 0°038; P, 0°037; Ni, 
0-16; Cu, 0-05; Al, 0-01; As, 0-026%, and no chromium. It was ground 
with Hubert No. 1 F emery and degreased with CCl,. 

Comparison of Oxidising Agents.—Steel specimens measuring 6-5 x 2-5 cm., 
abraded 24 hrs. previously, were fixed vertically in beakers 8 cm. high X 4 cm. 
diameter. ‘They were immersed to a depth of 3-5 cm. for 24 hrs, at 20° in 
solutions containing KCl and either (a) K,CrO,, (6) KMnQ,, (c) NaVQsz, or 
(qd) H,O,. The results are in Table I. 


TABLE I. 
Corroding medium. 








KCl, M. K,CrO,, M. 


Type of attack. 


0-1 0-001 Edge attack only: adherent brown rust. 
0-1 0-01 Attack at few points on edges: rust blisters. 
0-1 0-1 Slight attack at few points on edges: rust blisters. 
0-1 1-0 No attack. 
KCl, M. KMn0O,, M. 
0-1 0-001 General attack, except water-line. 
0-1 0-01 Heavy pitting, adherent brownish-black coating. 
0-1 0-1 Very heavy pitting. 
0-01 0-1 Eaten through at water-line : lower part covered with 
purple “ varnish” but unattacked below it. 
0-003 0-1 Creepage above water-line and attack there: rest 
shows interference colours only. 
0-001 0-1 Slight general brown stain, no attack. 
Nil 0-1 »” 2 2 ” ” 
KCl, M. NaVO,, M. 
0-1 0-01 Adherent black coating, little attack. 
0-1 0-1 Thin adherent dark coating, some interference colours 
and little attack. 
0-01 Thin brownish-green protective coating. 
0-001 , Very slight edge corrosion: faces unchanged. 
Nil 0-1 No attack. 
KCl, M. H,0,, M. 
0-1 0-002 Normal corrosion as in plain KCl. 
0-1 0-02 Attack in vertical streaks. 
0-1 0-2 Almost. general attack, very intense. 
Nil 0-2 Slight attack at water-line and edge. 
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Reaction between Ferrous Compounds and Chromates.—Solutions containing 
FeSO, and NaOH in equiv. proportion were mixed, and measured quantities 
of K,CrO, aq. added; the mixtures were shaken with air for 10 mins. and 
filtered. When K,CrO, had been added in excess of the amount needed to 
oxidise the ferrous iron completely to ferric, the filtrate was yellow; otherwise 
it was colourless; the ppt., dissolved in HCl, contained no ferrous iron. Thus 
the product is a mixture or solid solution of hydrated Fe,0O, and Cr,0;, and 
not a spinel. Even when insufficient K,CrO, was added for complete oxida- 
tion, ferrous iron was absent from the ppt., probably indicating that chromate 
catalyses oxidation by atmospheric O; for when no chromate was added, it 
was very difficult to remove. the last traces of ferrous iron by shaking with 
air alone, although the greater portion of the ferrous compound was oxidised 
quickly. The mixed Cr,0,-Fe,0,; was more gelatinous than the Fe,0, 
obtained when oxidation was effected by air. 

When FeSO, was treated with K,CrO,, the whole of the Fe could be thrown 
down as a ppt. containing Fe*’, Cr’, OH’, and CrO,”, if chromate was added 
in excess of 1 mol. K,CrO, to 1 mol. FeSO,. With less chromate, the ppt. 
also contained SO,”, but the Fe was completely pptd., provided that chromate 
was added in excess of 2 mols. K,CrO, to 3 mols. FeSO,. Still less chromate 
failed to ppt. the Fe completely. 

The basic salts in the ppt. yielded the hydroxides on boiling with NaOH 
aq. When FeSO, and K,CrO, were mixed, and NaOH added in the amount 
required by the equation 


3FeSO, + 3K,CrO, + 4NaOH + 4H,O = 3Fe(OH), + Cr(OH), + 
2Na,CrO, +- 3K,S0, 


the ppt. contained no CrO,” or SO,”, but only Fe’ and Cr’. Thus the final 
product obtained from FeSO,, K,CrO,, and NaOH is the same, whether 
chromate or alkali is added first to the Fe salt. 

Analogous expts. with KMnO, and NaVO, showed that, in absence of alkali, 
Fe is only partially pptd. even by large excess of these salts. 

Chromium in the Corrosion Product.—Steel specimens were allowed to cor- 
rode in chloride—chromate solutions, adjusted to produce stage (6) (p. 2476). 
The membranous rust was removed, washed in hot H,O, and dissolved in 
HCl aq.; Na,O, was added, and the liquid boiled, filtered, and tested with 
benzidine in AcOH. Cr, in the tervalent state only, was invariably present 
in the rust formed on steel corroding in such mixtures. Thus the secondary 
corrosion product produced in presence of chromate is a heterogeneous mix- 
ture or a solid solution of hydrated Fe,0, and Cr,O;. 

Chromium in the Protective Films.—Steel specimens were treated in four 
ways: (1) Abraded, and immediately immersed for 24 hrs. in 0-67M-K,CrO,. 
(2) Abraded, and immediately immersed for 24 hrs. in 0-67M-K,CrO, contain- 
ing 0-05M-KCIl. (3) and (4) As (1) and (2) but exposed to air for 24 hrs. between 
abrasion and immersion. 

All the expts. were performed in triplicate. The specimens were thoroughly 
washed, and after trimming off all edges, the oxide film was stripped by the 
iodine method (Evans, J., 1927, 1020). It was thoroughly washed with hot 
H,0 on a filter, and dissolved in hot dil. HCl aq. The solution was oxidised 
with Na,O,, boiled, filtered, acidified with AcOH, evaporated to small bulk 
(2 c.c.), and tested for chromate with diphenylearbazide (Stover, J. Amer. 
Chem. Soc., 1928, 50, 2363). Blank tests performed (a) on films stripped from 
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steel not treated in chromate, and (6) with the unoxidised solution of all the 
films from the chromate-treated specimens gave no indication of chromate. 
The stripped films contained Cr in the tervalent state alone; approximate 
colorimetric estimations in films stripped after treatments (1), (2), (3), and (4) 
indicated the Cr,0, contents as 5 x 10-8, 1 x 10-7, 1 x 10°° and 2 x 10-8 
g. per cm.” respectively. The film stripped from the rejected edges con- 
tained a greater proportion of Cr,O, than that from the corresponding main 
portions. 


Discussion. 


The results summarised in Table I show that chromate possesses 
powers of inhibiting corrosion by potassium chloride greatly superior 
to those of the other oxidising agents studied. Permanganate is 
comparatively useless; vanadate gives a degree of inhibition, but 
the mechanism is manifestly different, for thick visible layers of 
adherent secondary corrosion product are deposited on the metal, 
Hydrogen peroxide appears to accelerate corrosion under these 
conditions (see, however, Wieland and Franke, Annalen, 1929, 469, 
257, for study of other conditions). Evidently oxidising properties 
do not necessarily involve inhibition, and the value of chromates is 
partly due to the fact that they will completely precipitate ferrous 
iron in the absence of alkali, and partly to the presence of chromic 
oxide in the protective film. 

Owing to the small quantities involved, the chromium estimations 
in the film are approximate, but the relative order is not in doubt. 
The films produced when the specimens are immersed in chromate 
solution immediately after abrasion definitely contain more chromic 
oxide than those produced when 24 hours’ exposure to air is allowed 
before immersion—a clear indication that in the former case the 
original ferric oxide film is less perfect and requires more repair. 
The abnormally high chromic oxide content of the edge portions is 
likewise to be attributed to imperfections in the natural film, due 
to stresses and physical defects in the metal. Again, the presence 
of chloride produces films with a higher chromic oxide content than 
those produced in absence of chloride. This accords with the well- 
known action of chlorides in penetrating the oxide film; break- 
down by chloride will involve subsequent repair by chromate, and 
consequently a film containing more chromic oxide. 

It has been found (Evans and Stockdale, J., 1929, 2651) that the 
amount of ferric oxide in films produced on abraded iron by air and 
chromate exposure is of the order of 10° g. persq.cm. The chromic 
oxide content of films ‘‘ repaired ’”’ by chromate has been shown to 
be only 0-1—1-0% of this amount, which indicates that the function 
of the chromic oxide is to assist in the filling up of small gaps in 
the original ferric oxide film. An analogy is provided by the film 
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produced on aluminium by phosphate treatment ; this contains only 
small and variable amounts of phosphate (Bannister, J., 1928, 
3166); presumably, the aluminium phosphate serves to repair the 
places where the “ natural” oxide film is weakest, the main part 
of the film remaining unchanged. 

Cases are known, however, where a chromium compound forms 
the main material of a protective coat. Sutton and Le Brocq 
(J. Inst. Met., 1931, 46, 53) found that the khaki-brown film pro- 
duced on magnesium by a solution containing potassium dichromate, 
sodium hydroxide, and potash alum gave the tests for chromic 
chromate. Other chromium compounds may also occur: a mag- 
nesium alloy containing manganese yielded a darker film, thought 
to contain manganous chromate. Bengough and Whitby (ibid., 
1932, 48, 148), after testing the effect of 500 solutions on the subse- 
quent behaviour of magnesium, report that most of those having 
protective action contained a chromate. During the present work, 
it was found that iron or steel placed in chromic acid solution 
containing small amounts of sulphuric acid may undergo a certain 
amount of corrosion, and then become covered with a thick 
adherent layer of fairly protective corrosion product containing a 
large proportion of tervalent chromium. In such cases the original 
air-formed film is evidently broken down, and protection is required 
by the entire surface, and not only at small gaps in an air-formed 
film. Thus a high chromium content is to be expected. 

The resistant properties of chromium and its alloys can be 
explained on the theory of Pilling and Bedworth (ibid., 1923, 29, 
529), which predicts protection only where the ratio of the natural 
volume of an oxide to the volume of metal contained in it exceeds 
unity; this ratio, which is 0-84 for magnesium, 1-59 for zinc, 2-06 
for iron, and 2-07 for manganese, is as high as 3-92 for chromium. 
These figures refer to anhydrous oxides; the hydrated oxides are 
still more voluminous. But inhibition by soluble chromates will 
be assisted by the fact that any iron commencing to pass into solu- 
tion at weak points in the air-formed film will be immediately 
precipitated quite irrespective of the cathodically formed alkali. 
Even if precipitation by alkali at the weak points is considered to 
be instantaneous, it is evident that two oxides produced at a weak 
point will have more effective plugging action than one. Probably 
the gelatinous character of the ferric-chromic hydrated oxide 
mixture is favourable to its plugging properties; certainly any 
granular magnetite (sometimes present in the secondary corrosion 
product, where oxygen is the only oxidising agent present) would 
militate against protection (see Roetheli and Brown, Ind. Eng. 
Chem., 1931, 23, 1010; Bengough, Lee, and Wormwell, Proc. Roy. 
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Soc., A, 1932, 131, 312); anhydrous magnetite, when once formed, 
is stable against dissolved oxygen. 


Summary and Conclusions. 

The film produced during inhibition of corrosion with chromate 
is found to contain small amounts of chromic oxide. The anti- 
corrosive properties of potassium chromate are ascribed to the 
plugging of weak points in the primary film with a mixture of 
hydrated chromic and ferric oxides, the main part remaining as ferric 
oxide. Five causes may contribute to the unique value of chromates 
as inhibitors. (1) Chromates are oxidising depolarisers, and allow 
the production of the cathodic product, sodium hydroxide, so close to 
the anodic weak points as to precipitate any iron salts in physical 
contact in the metal. (2) Unlike most oxidising agents, chromates 
can precipitate the whole of any anodically formed ferrous salts 
in situ irrespective of help from cathodically formed alkali (compare 
the immunity of iron in sodium phosphate or lead in sodium sulphate). 
(3) Unlike the depolarising action of some oxidising agents, that of 
chromates involves precipitation of a second substance, hydrated 
chromic oxide. (4) The mixture of hydrated oxides has the gela- 
tinous character which Roetheli’s work indicates as favourable for 
protection. (5) Even an anhydrous mixture of chromic and ferric 
oxides is known to have exceptionally satisfactory protective 
properties (compare the corrosion-resistance of chromium steel, 
where the primary film contains both oxides); mixtures of ferric 
oxide with the oxides of manganese or vanadium are not protective, 
nor is manganese or vanadium steel corrosion-resistant. 


We thank Dr. J. J. Fox for a suggestion regarding analysis, and the Depart- 
ment of Scientific and Industrial Research for a grant. 
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367. Methylation of Monocarboxylic Acids derived 
from Aldoses. Structure of Pentamethyl a-Gluco- 
heptono-y-lactone. | 

By W. N. Haworts, E. L. Hirst, and M. Stacey. 


It has been known for some time that the hydroxyl group in position 
4 in galactonic acid resists methylation by silver oxide and methyl 
iodide (Pryde, J., 1923, 123, 1808). We have now found that this 
resistance to etherification is encountered also when alkali salts of 
galactonic acid are methylated by methyl sulphate and alkali. 
Inasmuch as both 2:3: 5: 6-tetramethyl y-galactonolactone and 
2:3:4:6-tetramethyl galactonic acid were obtained in this way 
4L2 
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from galactonic acid, it follows that the difficulty of methylation 
applies both to position 4 and to position 5. The rate of etherific- 
ation of the various hydroxy] groups in the aldonic acids is dependent 
on the stereochemical arrangement of the molecule. In certain 
cases methylation of the hydroxyl group in position 4 proceeds so 
slowly that treatment of the sugar acid with methyl sulphate and 
alkali affords an advantageous and efficient method for the pre- 
paration of the fully methylated y-lactone. Two examples of this 
are mannonic acid and «-glucoheptonic acid, from which 2 : 3 : 5 : 6- 
tetramethyl y-mannonolactone and 2:3:5:6:7-pentamethyl 
a-glucoheptono-y-lactone (I) may be obtained in excellent yield. 
The method is all the more satisfactory in that the usual method of 
treating the y-lactone of the sugar acid with methyl iodide and silver 
oxide gives inferior yields and the methylation is accompanied by 
degradative oxidation processes. 

The methylation of y-galactonolactone with methyl iodide and 
silver oxide provides a further example of resistance of positions 
4 and 5 to etherification. After four methylations in the presence 
of methyl alcohol, followed by esterification and distillation, a 
crystalline trimethyl y-galactonolactone was obtained which on 
further methylation gave tetramethyl y-galactonolactone and on 
oxidation with dilute nitric acid yielded d-2 : 3-dimethoxysuccinic 
acid. No methylated mucic acid was detected and we therefore 
identify the lactone provisionally as 2 : 3 : 6-trimethyl y-galactono- 
lactone. 

2:3:5:6:7-Pentamethyl «-glucoheptono-y-lactone, m. p. 104°, 
has not hitherto been described. Accordingly an examination was 
made of its optical rotatory power in various solvents and of its 
mutarotation in water. Like other y-lactones which possess cis- 
methoxyl groups in positions 2 and 3, it hydrolyses with extreme 
slowness in aqueous solution, and its rotatory power is markedly 
dependent on the solvent. In view of the fact that 2:3:4:6:7- 
pentamethy] «-glucoheptono-3-lactone (Haworth, Hirst, and Stacey, 
J., 1931, 2864) is known and its structure has been proved, the struc- 
ture of the present lactone as a y-lactone follows from its oxidation 
by nitric acid to i-dimethoxysuccinic acid (II) unaccompanied by 
trimethoxyglutaric acid or higher acids. 
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Methylation of arabonic acid and gluconic acid by methyl sulphate 
and alkali could not be utilised in the preparation of the correspond- 
ing methylated y-lactones. The fourth group reacted easily and the 

completely methylated acids were obtained. 


EXPERIMENTAL. 


2:3:5:6:7-Pentamethyl a-Glucoheptono-y-lactone.—Sodium  a-gluco- 
heptonate (10 g.), dissolved in H,O (15 c.c.), was methylated in the presence 
of acetone (30 c.c.) at 55° by Me,SO, (100 c.c.) and 30% NaOH aq. (200 c.c.). 
After acidification with H,SO, the clear solution (A) was extracted with CHCI. 
Removal of the CHCl, under diminished press. left a colourless viscid syrup 
(7 g.), which, after being heated at 100°/12 mm. for 1 hr., was methylated 
once by Purdie’s reagents. The product extracted by Et,O was a colourless 
eryst. mass (7 g.), An additional 3 g. of cryst. material were obtained from the 
aq. portion (A) after conc. and further extraction. Recrystn. from dry Et,O 
or from Et,O-light petroleum (b. p. 40—60°) gave 2:3: 5:6: 7-pentamethyl 
a-glucoheptono-y-lactone in long rods with pyramidal ends, m. p. 104°. [a]j}’ 
— 13° in H,O (initial value; c, 0-8); +- 41° in CHCl, (c, 2-2); + 69° in Et,O 
(c, 1-6); +- 43° in C,H, (c, 1-3); + 41° in acetone (c, 0-9) (Found: C, 51-7; 
H, 8:3; OMe, 55-3. C,,H,,.0, requires C, 51-8; H, 8-0; OMe, 55-7%). 

In aq. solution hydrolysis of the lactone proceeded slowly. [a]; — 13-2° 
(initial value; c, 0-8); —13-1° (1 day); — 13° (2 days); — 12-5° (6 days); 
— 11-9° (Sdays); — 11°5° (13 days); — 10-7° (20 days); — 10-1° (23 days); 
— 9-6° (30 days: const. value). The rotation of the acid (calc. as lactone) was 
{a} -+ 26-3° (initial value in H,O; c,1-14). This decreased slowly and reached 
the const. value [a]j) — 9-5° after 17 days. The proportion of acid and 
lactone at equilibrium was 9% and 91% respectively. 

Six successive treatments of a-glucoheptonolactone with Purdie’s reagents 
(MeOH being added during the first five methylations) gave the above cryst. 
pentamethyl a-glucoheptonolactone, m. p. 104°, in inferior yield accompanied 
by oxidation products. Amongst the latter were methyl oxalate and methy! 
i-dimethoxysuccinate, m. p. 68°. 

Oxidation of 2:3:5:6: 7-Pentamethyl a-Glucoheptonolactone.—The lactone 
(1-8 g.) was oxidised at 90° for 6 hrs. by HNO, (10 c.c.; d 1-42). The acid 
was removed in the usual way and the product was esterified by boiling with 
4% methyl-ale. HCi (100 c.c.). After neutralisation and removal of the 
solvent a syrup (1-3 g.) was obtained which rapidly crystallised. Recrystn. from 
Et,O gave methyl i-dimethoxysuccinate (1-1 g.), m. p. 68° alone or when mixed 
with an authentic sample. The crystals gave quantitatively on treatment 
with methyl-ale. methylamine the characteristic i-dimethoxysuccinomethy]- 
amide, m. p. 210°. The mother-liquors from the crystn. of the methylamide 
were examined for the presence of trimethoxyglutaromethylamides, but none 
could be detected. 

Methylation of y-Mannonolactone.—The lactone (5 g.), m. p. 151°, dissolved 
in H,O (20 c.c.), was methylated as described above by Me,SO, (71 g.) and 
KOH (68 g. in 50 c.c. H,O) in the presence of acetone (35 c.c.). The product 
(3:5 g.) was extracted by CHCl, and after being heated at 100°/12 mm. for 2 hrs. 
was methylated once by Ag,O and Mel. It then crystallised and on recrystn. 
from dry Et,0 2:3: 5: 6-tetramethyl y-mannonolactone was obtained in 
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long needles with pointed ends, m. p. 108°, alone or when mixed with an‘authen- 
tic sample. [a]?” + 62° in H,O (initial value; ¢, 1-0). 

Methylation of y-Galactonolactone.—(i) y-Galactonolactone monohydrate 
(5 g.), m. p. 68°, was methylated with Me,SO, and KOH in the manner 
described for mannonolactone. The product (3 g.) was methylated once by 
Ag,O and Mel and distilled, giving (a) 2-2 g., b. p. about 115°/0-09 mm., nif" 
1-4478, and (b) 0-7 g., b. p. 125°/0-09 mm., n}®" 1-4495. Fraction (b) was mainly 
2:3:5:6-tetramethyl y-galactonolactone. It had [a]j?’ — 31° in H,O 
(c, 1-1) ——> — 26° after 8 days (const. value) (Found: OMe, 51:8. Cale. 
for C,,H,,0,: OMe, 530%. 0-131 G. required 5-7 c.c. of N/10-NaOH. Calec., 
5°6 c.c.). 

Fraction (a) was dissolved in H,O and heated at 40° for 15 mins. with a slight 
excess of NaOH. After acidification the solution was extracted with CHC). 
Removal of the CHCI, left a pale yellow, mobile syrup (2-2 g.), which crystal- 
lised rapidly when rubbed. Recrystn. from Et,O-light petroleum (b. p. 
40—60°) gave 2:3: 4: 6-tetramethyl galactonic acid (2-0 g.) as short rods, 
m. p. 85°, [a]?!” + 18° (initial value in H,O; c, 1-03)» + 26° after 3 
days (const. value) (Found: C, 47:5; H, 83; OMe, 50-1. Cale. for 
Ci9H.».0,: C, 47-6; H, 8-0; OMe, 49-2%). 

(ii) y-Galactonolactone monohydrate was heated at 100°/12 mm. until the 
H,0O of crystn. was removed. The lactone was then methylated four times 
by Ag,O and Mel in the presence of MeOH. After esterification by heating 
with 4% methyl-ale. HCl the product was distilled, giving in equal amount 
two fractions: (a) b. p. about 100°/0-06 mm., nj?’ 1-4392, (b) b. p. about 
130°/0-06 mm., nj3° 1-4584. The first fraction gave oxamide on treatment 
with methyl-ale. NH, and was mainly methyl oxalate. The second fraction 
crystallised slowly at — 5°. Recrystn. from Et,O-light petroleum (b. p. 
40—60°) gave a trimethyl galactonolactone in clusters of thick rods, m. p. 99° 
(yield, 20% of wt. of lactone methylated). [a]/7’ — 40° in H,O (initial value; 
c, 1:55)» — 28° in 14 days (const. value). The rotation of the acid (cale. 
as lactone) in H,O was [a]j, + 6°——> — 28° (const. value) (c, 0-92). In CHCl, 
the lactone had [a]}?” — 29° (c, 1-84) (Found: C, 49-3; H, 7:2; OMe, 42:3. 
0-0569 G. required 2-60 c.c. N/10-NaOH. C,H,,0, requires C, 49-1; H, 
7:3; OMe, 42-3%; N/10-NaOH, 2-60 c.c.). 

On methylation with MeI and Ag,O the lactone gave quantitatively 
2:3: 5: 6-tetramethyl galactonolactone, b. p. 115°/0-05 mm., n}7" 1-4500, [a]j;" 
— 32°in H,O——> — 26° after 8 days. The latter substance was further charac- 
terised by its quantitative conversion into 2:3: 5: 6-tetramethyl galacton- 
amide, m. p. 153°, [aJji” + 6° in acetone (compare Humphreys, Pryde, and 
Waters, J., 1931, 1298). 

The lactone (1-0 g.) was oxidised by heating at 65° for 6 hrs. with HNO, 
(6 c.c., d 1-2). The product was isolated as the methyl ester in the usual 
manner. The mobile syrup (0-8 g.) so obtained gave on distillation (a) 0°3 g., 
b. p. 105°/0-03 mm., n??" 1-4335 (Found : OMe, 57%), (b) 0°45 g., b. p. about 
135°/0-03 mm., n?” 1-4550. The second fraction crystallised and consisted 
mainly of unchanged lactone, m. p. 99°. Fraction (a) had [a}}?” + 56° in MeOH 
(c, 1-0) and on treatment with methyl-alc. NH, gave in 70% yield d-dimethoxy- 
succinamide, m. p. and mixed m. p. with an authentic sample 280—285° 
(decomp.), (a]?” + 95° in H,O (c, 1-1). The presence of a methylated mucic 
acid could not be detected. 

Methylation of y-arabonolactone and y-gluconolactone under the conditions 
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described for d-a-glucoheptono-y-lactone gave almost entirely the completely 
methylated derivatives, methylation of the OH group at the fourth carbon 
atom being readily effected in these instances. 


UNIVERSITY OF BIRMINGHAM, [Received, August 3rd, 1932.] 
EDGBASTON. 





368. Some Analogues of Pseudopelletierine, namely, 
Thiotropinone, Selenotropinone, and N-Methyl- 
aztropinone. 


By B. K. Biount and Rosert Rosinson. 


CERTAIN types of derivatives of tropinone and pseudopelletierine 
possess useful and characteristic physiological properties and there 
is every reason to anticipate that the investigation of analogous 
substances would afford interesting results. Very few similar 
dicyclic heterocyclic bases, however, are available for study, and 
even the tropinone synthesis devised by one of us (J., 1917, 111, 
762) did not improve the situation to a great extent on account of 
the relative inaccessibility of the aliphatic dialdehydes. There is, 
however, at least one class of dialdehydes which should be obtain- 
able by comparatively simple methods of preparation, viz., 
(CHO-CH,),Y, derivable from H,Y and CH(OEt),*CH,Cl in various 
ways: ¢g., thiobisdiethylacetal, S[CH,-CH(OEt),],, prepared by 
Fischer (Ber., 1909, 42, 1071) from sodium sulphide and chloro- 
acetal, should be capable of hydrolysis with formation of thiobis- 
acetaldehyde (I), which in its turn might be converted into thio- 
tropinone (II) by the usual method as exemplified in the scheme : 


CH,"CHO CH, ‘CO: ‘O CH,—CH—CH-CO,H 

S + NH,Me + co Ca ee NMe Co 

CH,*CHO CH,°CO- ‘0 CH,—CH— CH-CO,H 

(I.) 

CH, ‘Ty Jl CH, CH, —CH— oa CH,—CH—CH, 

Se NMe Co MeN NMe Co s NMe Co 

CH,—CH—CH, CH,—CH—CH, CH,—CH—CH, 
(III.) (IV.) (II.) 


This expectation has been realised, and similar methods have 
been applied to the synthesis of selenotropinone ({[11) and N-methy]- 
aztropinone (IV). 

We are engaged in a study of the reduction of these new hetero- 
cyelic bases, especially thiotropinone. 
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EXPERIMENTAL. 


Thiotropinone (II).—A solution of thiobisacetaldehyde (Fischer, loc. cit.), 
obtained by shaking thiobisdiethylacetal (3-5 g.) with hot 0-5% HCl aq. 
(7 ¢.c.) until hydrolysis was complete, diluting the mixture with H,O (7 c.c.), 
and neutralising it with CaCO,, was added to a solution of calcium acetone- 
dicarboxylate (from 4 g. acid, 5 g. CaCO;, and 20 c.c. H,O), and aq. NH,Me 
(15 c.c. of 33%) introduced during 30 mins. After 24 hrs., the mixture was 
acidified to Congo-red with conc. HCl, boiled until evolution of CO, had ceased, 
and made alkaline, and a solution of ammonium oxalate (6 g.) added. The 
filtrate from the CaC,0, was extracted 6 times with 2 vols. of Et,O, and the 
bases were extracted by the minimum of 4N-HCIl, again rendered to Et,O, 
and concentrated to a small bulk in the dried solution. Thiotropinone (0-46 g., 
m. p. 123—125°) then separated in thick, usually six-sided, plates, and 0-09 g. 
was obtained from the mother-liquor (total yield, 27%). Recryst. from 
petroleum (b. p. 100—120°), it formed long, thin, striated plates, m. p. 126— 
127°, unaltered after crystn. from EtOH-Et,O (Found: C, 56-2; H, 7-6; 
N, 7-6; 8, 19-0. C,,H,,ONS requires C, 56-1; H, 7-6; N, 8-2; S, 18-7%). 

The dipiperonylidene derivative was prepared by refluxing a solution of the 
tropinone (0-1 g.) in EtOH (3 c.c.) with piperonal (0-3 g.) and 50% KOH aq, 
(1 drop). The crystals were collected after 2 hrs. and recrystallised from 
isoamyl alcohol, in which the compound was sparingly sol.; palmleaf-like 
yellow crystals, m. p. 241°, giving the usual intense royal-blue colour in 
H,SO, (Found: C, 66:2; H, 5-2; N, 3-1; 8, 7-5. C,,H,,0;NS requires C, 
66-2; H, 4:8; N, 3-2; 8, 7-4%). 

The picrate, prepared in Me,CO, formed compact yellow plates, which 
darkened at 230° and exploded at 255° (Found: N, 14:0. C,,H,,0,N,8 
requires N, 14-0%). 

Selenobisdiethylacetal.—Al,Se, (from 9 g. Al) was decomposed by means of 
4N-HC1 in a current of H, the H,Se evolved being absorbed in aq.-ale. NaOH 
(from 40 g. NaOH, 150 c.c. H,O, and 250 c.c. EtOH). Chloroacetal (40 g.) 
and KI (8 g.) were added to the resulting solution of Na,Se, from which some 
solid had separated, and the mixture was refluxed for 20 hrs., air being ex- 
cluded. EtOH was then removed by distillation from the steam-bath, and 
the product was isolated by ether extraction and distilled. A small fraction 
was collected up to 165°/14 mm. and the residue then distilled in a high vac., 
practically all at 145—155°/0-1 mm. (15 g. of a pale yellow liquid of faint, not 
unpleasant smell). Analysis showed it to consist of not quite pure selenobis- 
diethylacetal, the impurity being probably the diseleno-compound (Found: 
C, 44-6; H, 8-1. C,,H,,0,Se requires C, 46-0; H, 8-3. C,,H,,0,Se + 15% 
C,,H,,0,Se, requires C, 44-6; H, 8-0%). 

The substance was readily hydrolysed by warm 0:5% HCl aq., giving 4 
solution of selenobisacetaldehyde, which possessed a pungent fruity odour 
similar to that of the sulphur analogue. When a solution of the free aldehyde 
(from 1 g. of the acetal) was treated at 0° with a solution of p-nitrophenyl- 
hydrazine (1-1 g.) in 2N-HCI (8 c.c.), an orange-coloured solid separated and 
two crystns. from ethoxyethyl acetate gave selenobisacetaldehydedi-p-nitro- 
phenylhydrazone as a brownish-orange microcrystalline powder, m. p. between 
205° and 210° (decomp.) according to the rate of heating (Found: C, 44:3; 
H, 3-9; N, 18-9. C,,H,,0,N,Se requires C, 44:1; H, 3-7; N, 19-3%). 

Selenotropinone (III).—The hydrolysis of the acetal (4 g.) and the condensa- 
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tion of the resulting dialdehyde with calcium acetonedicarboxylate and 
NH,Me were carried out by the method used for thiotropinone. The yield 
(0-32 g., a.€., 11:5%; m. p. 140—141°) was less favourable. Selenotropinone 
crystallised from light petroleum in long thin plates, and from EtOH-Et,O 
in thin six-sided plates, m. p. 142°.(Found: C, 44-2; H, 5-9; N, 6-6. 
C,H,,ONSe requires C, 44-0; H, 6-0; N, 6-4%). 

Dipiperonylideneselenotropinone, prepared in the usual way, formed palm- 
leaf-like crystals, m. p. 240°, closely resembling those of the sulphur analogue 
(Found: C, 59-6; H, 4:6; N, 3-3. C,,H,,0,NSe requires C, 59-8; H, 4-4; 
N, 2-9%). It gave a royal-blue solution in H,SO,. 

N-Methylaxtropinone (IV).—Methylaminobisdimethylacetal (Kermack, 
Perkin, and Robinson, J., 1922, 121, 1886) (4 g.) was added gradually to well- 
cooled conc. HCl (5 c.c.), kept at room temp. for 2 hrs., diluted with 10 c.c. 
H,0, neutralised with CaCO,, and mixed with a solution of caleium acetone- 
dicarboxylate prepared from acetonedicarboxylic acid (5 g.) and CaCO, (6 g.). 
After addition of NH,Me (15 c.c. of 33%) during 30 mins,, the mixture was 
kept for 24 hrs,, the liquid then made just acid to Congo-red with 20% H,S0,, 
boiled until no more CO, was evolved, filtered from CaSO,, and evaporated 
on the water-bath under reduced press, The residue was mixed with EtOH, 
and the filtered solution concentrated in vac. The residue of org. sulphates 
was covered with Et,0 and decomposed with conc. KOH aq. After thorough 
shaking, the ethereal solution was decanted, and: the semi-solid. residue 
extracted several times with Et,O. After drying over K,CO;, the united 
extracts were evaporated, leaving a brown oil (A) (2-9 g.) possessing a piper- 
idine-like odour. Since this did not crystallise, it was mixed with Me,CO 
(3 c.c.) and then with picric acid (7 g.) in Me,CO (7 c.c.); the dark solution 
was allowed to concentrate in the air, and the crystals of N-methylaztropinone 
dipicrate which gradually separated were collected (0-9 g., i.¢., 7-5%) and 
washed with ice-cold Me,CO. The crude substance, m. p. 190—193° (decomp.), 
was recrystallised several times from H,O, giving rosettes of yellow needles, 
m. p. 198° (decomp.) (Found: C, 40-1; H, 3-7; N, 17-6. C,,H,,0,,N, 
requires C, 40-3; H, 3-5; N, 17-9%). 

Dipiperonylidene-N-methylaztropinone.—The crude brown oil (A above) 
(1 3.) was mixed with EtOH (10 c.c.) and piperonal (2 g.) and KOH solution 
(0-3 g. in 0-3 c.c. H,O) were added. After 2 hrs.’ heating on the steam-bath, 
the mixture was cooled; the dipiperonylidene derivative which then separated 
was recrystallised from isoamyl alcohol, in which it was much more readily 
soluble than the other dipiperonylidene derivatives of this series; brownish- 
orange, ill-defined, compact crystals, m. p. 214—216°, giving with conc. 
H,SO, a blue solution somewhat greener in shade than that given by the thio- 
and the seleno-analogue (Found: C, 69-3; H, 5-9; N, 66. C,,;H,,0,N, 
requires C, 69-4; H, 5-6; N, 6-5%). 


THe Dyson Perrins LABORATORY, 
UNIVERSITY oF OxForRD, [Received, July 20th, 1932.] 
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369. Experiments on the Synthesis of Anthocyanins. 
Part XVII. The Syntheses of Pelargonin, Peonin, 
and Cyanin Chlorides. 


By Rospert Rosryson and A. R. Topp. 


In the course of the syntheses of the monoglucosidic anthocyanins, 
namely, callistephin (perlargonidin 3-glucoside), chrysanthemin 
(cyanidin 3-glucoside), oxycoccicyanin (peonidin 3-glucoside), and 
oenin (malvidin 3-glucoside) the various ‘‘second component” 
intermediates were condensed with O-benzoylphloroglucinaldehyde, 
and the products hydrolysed. Methods for the preparation of these 
intermediates having been devised, the synthesis of any anthocyanin 
containing a glucose residue in position 3 became feasible and, when 
it was realised (Parts VI—XII) that the better known diglucosidic 
anthocyanins (except mecocyanin and keracyanin) are not biosides 
but 3: 5-diglucosides of the anthocyanidins, it also became clear 
that the way to the synthesis of these pigments, the anthocyanins 
par excellence, was open. 

The first case attacked was that of hirsutin chloride (Part XV), 
because both the required intermediates had already been prepared ; 
the identity of the natural and the synthetic specimen confirmed 
the correctness of the view that anthocyanins may be 3 : 5-dimono- 
sides. For the remainder of the anthocyanins of this type it became 
necessary to obtain derivatives of 2-O-glucosidylphloroglucinalde- 
hyde and this proved to be a difficult problem which was only partly 
solved in the course of the experiments on the synthesis of pelar- 
gonenin, cyanenin, and malvenin (5-monoglucosides). Ultimately 
it was found that the direct glucosidation of phloroglucinaldehyde 
could be effected under carefully defined conditions and by con- 
densing the 2-0-tetra-acetylglucosidylphloroglucinaldehyde with 
the intermediate for oenin a synthesis of malvin chloride was 
accomplished (Part XVI). 

A modification of the process of glucosidation of phloroglucinalde- 
hyde leads to the formation of 2-O-monoacetylglucosidylphloro- 
glucinaldehyde (see below) and, as the method is somewhat more 
convenient than the older one, it was important to ascertain whether 
the orientation of the glucosidyl group and the stereochemical sense 
of the glucoside link are identical in the tetra-acetyl and mono- 
acetyl derivatives. That this is the case has been proved by using 
both intermediates for the synthesis of pelargonenin chloride, 4 
substance possessing highly characteristic properties. In con- 
firmation we may note that the proportions in which the tetra- 
acetyl and monoacetyl glucosides are isolated vary with the con- 
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ditions and this is easy to understand if it is merely a question of 
the extent of removal of acetyl groups by hydrolysis. 

By condensing one or other of these acetylated glucosidylphloro- 
glucinaldehydes with the intermediates for callistephin (Robertson 
and Robinson, J., 1928, 1460), chrysanthemin (Murakami, Robertson, 
and Robinson, J., 1931, 2666) and oxycoccicyanin (Levy and 
Robinson, J., 1931, 2715) we have now been able to effect the 
syntheses of pelargonin, cyanin, and peonin chlorides. The annexed 
scheme illustrating the stages in the case of pelargonin will suffice in 
explanation. 


Pork. 30a 
HO’ OH 
(I.) CHo + HCl + 


bie -O-C,H,O(OAc), 
AcO-C,H4,0,°0 


a 


a mY —< S04 Ho ree goon 


KOH. \A 
AcOCgH 1904°O é ,H,O(OAc), CgH,,0,0 CH “O'CsHi10s 
as K salt, 
a cl 
bates OR 
SO Ho YY oH 
(III.) *. A 2 
‘ (IV.) 
C,H,,0;°0 CoHy10; C,H,,0,°0 CeH,,0; 


The synthetic colouring matters were proved to be identical with 
natural anthocyanins. Cyanin chloride used for this purpose was 
derived from cornflowers (Willstaitter and Everest, Annalen, 1913, 
401, 189) and from red dahlias (Willstatter and Mallison, Annalen, 
1915, 408, 147),and peonin from deep violet-red peonies (Willstatter 
and Nolan, Annalen, 1915, 408, 136). We are greatly indebted to 
Geheimrat Professor R. Willstitter and to Professor Nolan for 
specimens of these anthocyanins. 

Karrer and Widmer (Helv. Chim. Acta, 1927, 10, 729) have shown 
that monardin is a diglucoside of pelargonidin chloride and that it is 
identical with pelargonin (Willstatter and Bolton, A nnalen, 1915, 408, 
42) and salvinin (Willstatter and Bolton, Annalen, 1916, 412, 113) ; 
they consider, however, that punicin may be a different anthocyanin, 
although it is isomeric with the others and has very similar 
properties. We have not been able to test the latter point by direct 
comparison with our synthetic product, but owing to the courtesy 
of Professor P. Karrer, to whom we express our thanks, we have been 
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able to examine specimens of monardin, salvinin, and pelargonin 
chlorides. Unfortunately the pelargonin was not quite pure, but 
the monardin and salvinin tallied in all respects with the synthetical 
product. In connexion with a survey of natural anthocyanins, 
Mrs. G. M. Robinson has observed the frequent occurrence of 
malvidin derivatives in flowers of pelargoniums. The only observed 
divergence of the natural pelargonin from the synthetic product could 
be explained in this way because it concerned the colour of 
the solutions. Therefore the specimen (of natural pelargonin) 
was hydrolysed and the presence of a trace of malvidin in the 
substance was detected. The aqueous solution (0-5% HCl) of the 
anthocyanidin was repeatedly extracted with cyclohexanol—toluene 
(1 : 5) until the pelargonidin was removed; the residual bluish-red 
solution then gave the reactions for malvidin (compare Robinson 
and Robinson, Biochem. J., 1931, 25, 1687). 

Since the divergence is explicable and since Karrer and Widmer 
have already shown that pelargonin and monardin are identical, 
we describe our synthetic substance as pelargonin because the antho- 
cyanin was first described under that name. 

Further comparisons of the natural and the synthetic pigments 
mentioned in this communication will be submitted in due course. 


EXPERIMENTAL. 


Acetylated Glucosides of Phloroglucinaldehyde.—It has been found that 
Me,CO may replace MeCN as the solvent of the acetoglucosidisation of phloro- 
glucinaldehyde (this vol.,p.2301). The yield of cryst. monoglucoside is slightly 
higher (1-6 g. from 5 g.) and less of the diglucoside is produced. The relative 
proportion of needle-shaped and prismatic crystals varies in different expts., 
but in general the needle form predominates under the new conditions. The 
more sparingly sol. glucoside occurring as prisms was previously shown to be 
2-0-tetra-acetyl-8-glucosidylphloroglucinaldehyde. The needle form appears 
to be 2-O-monoacetyl-8-glucosidylphloroglucinaldehyde (I), 3AcO groups 
being removed by hydrolysis [Found: C, 50-2; H, 5-2. ©,,;H,,0,9 (mono- 
acetyl) requires C, 50:3; H,5-0%. C,,H.,40,, (tetra-acetyl) requires C, 52-1; 
H, 5-0%]. 

The compound crystallises from 70% MeOH in colourless needles, m. p. 
109—110°; it undergoes decomp. gradually on prolonged heating at 100°. 
Under the conditions already prescribed for 2-O-tetra-acetylglucosidylphloro- 
glucinaldehyde (this vol., p. 2302) it condenses with w : 4-dihydroxyaceto- 
phenone to give pelargonenin chloride; similarly, both glucosides give rise to 
one and the same pelargonin chloride on condensation with w-O-tetra-acety]-- 
glucosidoxy-4-acetoxyacetophenone, followed by de-acetylation. Moreover 


this monoacetylated glucoside has a specific rotation [a]?\,, = — 49-32° in 
CHCl, (c = 1-460) indicating that, like the tetra-acetylated derivative 
({a]is;, = —47-84°), it is a B-glucoside. 


If these conclusions are valid it is to be expected that the uncrystallisable 
portion of the monoglucosidic fraction from the acetoglucosidisation of 
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phloroglucinaldehyde should consist mainly of other partly acetylated 2-f- 
glucosides. This was the case, as the gum gave rise to pelargonenin chloride 
when condensed with w : 4-dihydroxyacetophenone. 

7-Hydroxy-3-O-tetra-acetyl-B- glucosidoxy-5 - O-monoacetyl-B - glucosidoxy - 4’ - 
acetoxyflavylium Chloride (II).—A solution of 2-O-monoacetyl-B-glucosidyl- 
phloroglucinaldehyde (0°6 g.) and w-0-tetra-acetyl-B-glucosidoxy-4-acet- 
oxyacetophenone (1-2 g.) (Part V; Robertson and Robinson, loc. cit.) in dry 
EtOAc (25 c.c.) was saturated at 0° with dry HCl. The liquid slowly acquired 
a deep orange-red colour and a green fluorescence, and after keeping for 60 hrs. 
in the ice-chest the flavylium salt was precipitated by addition cf dry Et,O 
(300 c.c.). The scarlet-red powder was washed with Et,O and dried (1-08 g.) 
(Found: C, 51-1; H, 5-1; Cl, 4-0. C,,H,,0,,Cl,2H,O requires C, 51:0; H, 
5-1; Cl, 3-9%). 

Pelargonin Chloride [7: 4’-Dihydroxy-3 : 5 di-(B-glucosidoxy) flavylium 
Chloride] (III).—A solution of the above flavylium salt (1-03 g.) in 10% NaOH 
aq. (9 c.c.) was kept at room temp. in an atmosphere of H, during 90 mins. 
The dark greenish-brown solution was acidified with conc. HCl (3-9 c.c.), and 
the deep red-orange solution warmed at 50° on the water-bath for a few 
moments. On cooling, the 2% acid solution thus obtained set to a mass of 
scarlet-red needles, which were collected after being kept over-night in the 

‘jice-chest. ‘The product, recryst. from H,O-MeOH-HCl by the method of 
Willstatter and Bolton (loc. cit.) for natural pelargonin chloride, formed 
magnificent slender scarlet-red needles (0-35 g.) (Found in air-dried material : 
C,46°3; H,5-8; Cl, 5-3; lossat 110° in ahigh vac., 8-0, 8-4. C,,H;,0,,Cl,4H,O 
requires C, 46-1; H, 5-6; Cl, 5-1; 4H,0, 10-25%. Found in dried material : 
C, 50-5; H, 5-2; Cl, 5-8. C,,H,0,,Cl requires C, 51-4; H, 4-9; Cl, 5-6%. 
C,,H3,0,,Cl,4H,0, losing 8-2% as H,O, requires C, 50-4; H, 5-1; Cl, 5-5%). 

The m. p. of pelargonin chloride is given in the literature as 180°. The 
synthetic material, heated moderately slowly, sinters at 178° and melts at 
about 187°. Under the same conditions monardin and salvinin melted at 
185—186°. These m. p.’s have, however, little significance, as the temp. 
at which decomp. and fusion occur is dependent on the rate of heating, and in 
the case of synthetic pelargonin chloride lies between 180° and 200°. It 
therefore appears that punicin chloride (Karrer and Widmer, Helv. Chim. Acta, 
1927, 10, 78), which sinters at 180° and melts at 193°, may be identical with 
pelargonin chloride, since all other properties of the two anthocyanins are 
identical. 

The absorption coefficients for 0°154N/104-solutions of synthetic pelargonin 
chloride, natural pelargonin chloride, monardin, and salvinin chlorides in 
0-1% MeOH-HCI were determined over the range 4000—6000 A. The results 
are shown in Fig. 1 and it will be seen that synthetic pelargonin, monardin, and 
salvinin chlorides agree very closely, but natural pelargonin chloride (dotted 
curve) shows a slight divergence from the others, the maximum being dis- 

placed to a slightly lower value and a higher wave-length, causing a displace- 

ment of the curve in the direction of increasing wave-length. The absorption 
of malvin chloride (compare this vol., p. 2304) is such that a small percentage 
of it in the pelargonin would produce the observed result. 

Other Comparisons of Natural and Synthetic Specimens of Pelargonin Chloride 
(Monardin Chloride).—The superficial characters and all the ordinary reactions 
of the specimens were completely identical; this applies to the appearance 
in mass and cryst. forrn under the microscope, the colour in various solvents, 
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and the fluorescence in methyl-, ethyl-, and butyl-alcoholic solution. The 
prep. of the basic chloride under the conditions prescribed by Willstatter and 
Bolton (loc. cit.) succeeded and the dark violet needles with metallic lustre had 
the properties recorded for the pelargonin derivative. Orange-red aq. 
acid solutions of pelargonin become bluish-red on the addition of tannin, and 
this phenomenon was exhibited to the same degree by the two specimens 
(synth. and monardin). 

The colour reactions, pseudo-base formation, and stability in alkaline 
solutions were investigated in a range of buffered solutions under the conditions 
prescribed by Robertson and Robinson (Biochem. J., 1929, 23, 35). 


Fic. 1. 
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The natural and the synthetic specimen gave identical results. (1) Weak 
rose, fading; (3) bluer, colourless in 30 secs.; (5) bluish-red, colourless in 
3 mins.; (7) more intensely coloured, red-violet on the addition of 10 c.c. of 
acetone; (9) permanganate, blue-violet with acetone; (11) reddish-violet, 
pure blue with acetone ; (13) the same; (15) violet, fading quickly and nearly 
colourless in 30 secs. After 2 hrs.: (1) faint pink; (3), (5), (7) colourless; 
(9) pale reddish-violet ; (11) pale violet; (13) pale slate; (15) nearly colourless. 
Solutions to which acetone was added : (7) pale reddish-violet; (9) pale violet; 
(11), (13) blue. On addition of conc. HCl, recovery of the colour occurred in 
(1)—(11), some loss was apparent in (13), and no recovery occurred in (15). 

The distribution number (n-BuOH) was determined by the method detailed 
in Part XV with the following modification (adopted also for cyanin and 
peonin). The pigment (4-00 mg.) was dissolved in 30 c.c. of the special 0-5% 
hydrochloric acid and shaken with 20 c.c. of the special BuOH. 25 C.c. of the 
aq. layer were then shaken with 25 c.c. of the special BuOH and the distribu- 
tion was determined. 

Monardin chloride and the synthetic specimen gave exactly the same 
value, namely, 20-0. 

The above procedure has the advantage that errors due to the presence of 
traces of monoglucosides are minimised. The distribution (amyl alcohol) is 
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very low, but more of the colour passes into the org. layer on saturation of 
the aq. solution with salt (comparison—identity). 

w-O-T etra-acetyl-B-glucosidoxy-4-acetoxy-3-methoxyacetophenone.—The follow- 
ing improved method of prep. of this intermediate (Levy and Robinson, loc. cit.) 
has been employed. 

Dry Ag,O (9 g.) was added to a solution of w-hydroxy-4-acetoxy-3-methoxy- 
acetophenone (3-7 g., dried at 100° in vac.) and O-tetra-acetyl-a-glucosidyl 
bromide (11-9 g.) in dry C,H, (25 .c.) at 40°. After being shaken for 30 mins., 
the mixture was boiled on the steam-bath for a few mins. and filtered. On 
addition of light petroleum to the filtrate the product was pptd. as a pale 
yellow syrup, which was washed with hot, and then with cold, H,O and dis- 
solved in hot 70% MeOH. On cooling, the tetra-acetylglucoside separated as 
long, colourless, rectangular plates (1-9 g.), m. p. 103°. Levy and Robinson 
(loc. cit.) give m. p. 74—76° (decomp.), but the material described was probably 
partly de-acetylated (Found: C, 53-9; H, 5-3. Cale. for C,,H3,0,,: C, 54-2; 
H, 5-4%). 

7-Hydroxy-3 : 5-di-(O-tetra-acetyl-B-glucosidoxy)-4’ -acetoxy-3-methoxyflavylium 
Chloride.—A solution of 2-0-tetra-acetyl-8-glucosidylphloroglucinaldehyde 
(0-25 g.) and w-O-tetra-acetyl-8-glucosidoxy-4-acetoxy-3-methoxyacetophenone 
(0-4 g.) in dry EtOAc (5 c.c.) was saturated with dry HCl at 0°. The liquid, 
which gradually acquired a deep red-violet colour, was kept at 0° for 60 hrs., 
dry Et,O then added, and the carmine-red ppt. of flavylium salt collected, 
washed with Et,O, and dried (0-39 g.) [Found: C, 50-9; H, 5-5; Cl, 2-7; 
MeO, 3-6. C,gH;,0,,Cl (fully acetylated) requires C, 53-2; H, 4-9; Cl, 3-4; 
MeO, 3-0%, indicating partial deacetylation. C,,H,,0,,;Cl,2H,O (hepta- 
acetate) requires C, 50-9; H, 5-2; Cl, 3-6; MeO, 3-1%]. 

Peonin Chloride (7 : 4’-Dihydroxy-3 : 5-di-B-glucosidoxy-3’-methoxyflavylium 
Chloride) (IV, R = Me).—The above flavylium salt (0-35 g.) was de-acetylated 
by keeping a solution in 10% NaOH aq. (3 c.c.) in H, for 90 mins. The 
brownish liquid thus obtained was acidified with sufficient conc. HCl (1-3 c.c.) 
fo give a 2% acid solution, warmed at 50° for a few secs. to ensure complete 
oxonium salt formation, and allowed to cool. The acid conc. was increased to 
6% in the cold, and the dark red-violet solution set aside in the ice-chest. 
During 36 hrs. the peonin chloride separated as a mass of small reddish- 
brown needles (0-08 g., i.c., 36%). It was recrystallised by dissolution in hot 
05% HCl aq. (5 c.c.) and increase of the acid conc. to 6% in the cold by 
addition of the requisite amount of 20% HCl aq.; the product separated as a 
mass of small reddish-violet needles with a green lustre (Found in air-dried 
specimen: C, 44-6; H, 5-9; Cl, 4-8; MeO, 4-6; loss at 110° in a high vac., 
11-6. C,,H,,0,,Cl,5H,O requires C, 44-7; H, 5-7; Cl, 4-7; MeO, 4-1; 5H,0, 
11-9%. Found in anhyd. material: C, 50-4; H, 5-2; Cl, 5-7. CygH3,0,¢Cl 
requires C, 50-9; H, 5-0; Cl, 5-4%). 

Synthetic peonin chloride decomposes at 165—167°. 

The absorption coefficients for natural and synthetic peonin chlorides in 
0-164N/10*-solutions in 0-1% MeOH—HCl were measured over the range 
4000—6000 A. No divergences outside the range of experimental error were 
detected (Fig. 2). 

Other Comparisons of Natural and Synthetic Peonin Chlorides.—The properties 
of peonin chloride described by Willstatter and Nolan (loc. cit.) were confirmed 
and found to be characteristic of the synthetic specimen. The appearances 
of the crystals and the habits of crystn. were directly compared and found to be 
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identical. The colour of acid solutions, change on addition of alcohol, and 
the alkali-colour reactions were all identical for both specimens. The colour 
reactions in buffered solutions are very interesting in comparison with those of 
cyanin because, contrary to expectation, peonin begins to give blue tones at 
a lower py than does cyanin; in the more alkaline solutions cyanin gives a 
greener, purer blue coloration than peonin. Natural and synthetic peonin 
give the same results. 

(1) Pink, fading; (3) bluish-red, colourless in 30 secs.; (5) more intense, 
fading more slowly ; (7) reddish-violet ; (9) intense violet; (11) blue-violet ; (13) 
blue, violet in thick layers; (15) blue, fading. After 2 hrs.: (1) faint pink; (3), 
(5) colourless ; (7) weak violet; (9) violet; (11) blue; (13) greenish-blue; (15) 
yellow. On addition of HCl aq.: recovery except in (15), some loss in (13). 
The distribution number (n-BuOH, method above) was 17-3 for the synthetic 
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salt and 17°1 for the natural product. The co-pigmenting effect of tannin on 
the aq. acid solution was observed (no divergence) and the addition of FeCl, 
to MeOH solutions of the specimens gave the same orange coloration. 

7 -Hydroxy -3 : 5-di-(O-tetra- acetyl - B-glucosidoxy)-3’ : 4’-diacetoxyflavylium 
Chloride.—A solution of 2-0-tetra-acetyl-B-glucosidylphloroglucinaldehyde 
(Ll g.) and w-0-tetra-acetyl-f-glucosidoxy-3 : 4-diacetoxyacetophenone 
(Murakami, Robertson, and Robinson, loc. cit.) (1-5 g.) in dry EtOAc (25 ¢.c.) 
was saturated with dry HCl at 0°. The red solution was kept in the ice-chest 
for 60 hrs., the colour becoming intense red-violet. The crude flavylium salt 
was pptd. as a scarlet-red powder (1-68 g.) by the addition of anhyd. Et,O, and 
was collected, washed, and dried [Found: ©, 50°99; H, 50; Cl, 30. 
C4,H,,0.2,Cl,2H,O (deca-acetate) requires C, 51-1; H, 5-0; Cl, 3-2%]). 

Cyanin Chloride (IV, R = H).—The above acetylated compound (1-65 g-) 
was dissolved in 10% NaOH aq, (14 c.c.) and kept for 90 mins. at room temp. 
in H,. On acidifying the brownish-green solution with conc. HCl (6-03 ¢.c.) 
and warming the 2% acid solution so obtained to 50° to complete the formation 
of the oxonium salt, a deep reddish-violet solution was obtained. After 
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cooling, the acid concn. was increased to 6%, and the filtered solution set 
aside in a partially evacuated desiccator. During 48 hrs., cyanin chloride 
separated as small brownish-violet prisms with a bronze lustre (0-06 g.). A 
further quantity separated from the mother-liquor in the course of a few days 
(Found in air-dried material: C, 45-7; H, 5-7; Cl, 6-1. C,,H;,0,,Cl,3H,O 
requires C, 46-2; H, 5-3; Cl, 51%. These figures indicate the presence of 
adsorbed HCl in the air-dried substance. C,,H;,0,,Cl,3H,O + 9-2 mol. 
adsorbed HCl requires C, 45-7; H, 5-3; Cl, 6-0%. On drying for a short 
time at 110° in high vac., only part of the H,O of crystn.is removed. Found : 
C, 49-0; H, 4-8; Cl, 5-5; loss on drying, 6-1. C,,H;,0,,Cl,0°75H,O requires 
C, 49-1; H, 4-9; Cl, 5-4; loss on drying, 6-7%). Cyanin chloride obtained 
from the cornflower crystallises as a trihydrate (Willstétter and Everest, loc. 
cit.) and the stable hydrate C,,H;,0,,Cl,0°75H,O has also been observed in 
the case of the natural material. 

This phenomenon was, indeed, the cause of the assignment of an incorrect 
composition to the pigment in the early stages of Willstatter’s researches. 

Attempts to work up the crude cyanin chloride after hydrolysis by pptn. 
from the acid solution by addition of AcOH, followed by excess of Et,O, and 
repeated treatment of the residue with org. solvents were partly successful in 
increasing the yield. Synthetic cyanin chloride had m. p. 205° (decomp.) 
(natural pigment, m. p. 203—204°; loc. cit.). 

Cyanin Chloride from the Cornflower.—The crude pigment kindly supplied to 
us by Professor Willstaétter (1 g.) was dissolved in hot H,O (35 c.c.), and an 
equal vol. of 4% EtOH-HCl added. On cooling and keeping over-night, the 
product separated as a mass of brownish crystals with a greenish-bronze 
lustre. This material, however, contained a considerable quantity of a 
monoglucoside and the substance (2 g.) was dissolved in 0-5% HCl aq. (70 c.c.) 
which had previously been shaken with n-BuOH; it was then shaken twice 
with BuOH (50 c.c.) saturated with 0-5% HCl aq., and finally with isoamyl 
alcohol (60 c¢.c.). The aq. layer was warmed, and mixed with an equal vol. 
of 4% EtOH—HCI; on cooling, cyanin chloride separated in a pure condition as 
small brownish crystals with a greenish-bronze lustre (1-4 g.). This material 
had a very low distribution number (amy] alcohol) and was taken as a standard 
specimen of the natural pigment. 

Absorption of Natural and Synthetic Cyanin Chlorides (Fig. 3).—In section 
(A) of the diagram are the data for synthetic cyanin chloride and for the natural 
substance from dahlias (broken curve) and from cornflowers, the concen, in 
each case being 0-126N/10* in 0-1% MeOH-—HCl. The data for the synthetic 
material and cornflower cyanin fall on the same curve, any minor discrepancies 
being well within experimental error. The curve for dahlia cyanin, however, 
suggests that the specimen was contaminated with monoglucoside giving the 
effect of greater absorption. That this is indeed the case has been shown in 
the following way. 

Cyanin chloride (1 mg. ex dahlia) was dissolved in 0-5% HCl aq. (20 c.c.) 
previously saturated with n-BuOH. A similar solution of synthetic cyanin 
chloride was prepared and both solutions were shaken twice with BuOH 
(20 c.c. each time) previously saturated with 0-5% HCl aq., and finally with 
amyl alcohol (20 ¢.c.). Each aq. layer (10 c.c.) was diluted to 50 ¢c.c, with 
01% MeOH-HCI, the solutions matched colorimetrically, and their absorp- 
tion coefficients determined in the usual way. The results are shown in curve 
(B)—both sets of data lie on the same curve, showing that after removal of 
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monoglucosidic material cyanin chloride ea dahlias is identical with the 
synthetic specimen. 

Other Comparisons of Natural and Synthetic Cyanin Chlorides.—Recrystn. 
under identical conditions furnished in each case rhombic plates, violet by 
transmitted light under the microscope. All the superficial characters of the 
specimens were identical and they furnished solutions (aq. and ale.) having the 
same colour and behaviour under all conditions. All the ordinary reactions, 
e.g., the iron reaction and the colours with NaOAc and Na,CO,, were observed 
and in addition the co-pigment phenomena with tannin and quercitrin were the 
same in the two cases. 

Fig, 3. 
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Wave-lengths. 
A. x Cyanin chloride (synthetic). B. x Cyanin chloride (synthetic, washed). 
*) Cyanin chloride (cornflower). @ Cyanin chloride (dahlia, washed). 
4, Cyanin chloride (dahlia). E) Coincident points. 
f) Coincident points. 


The colour reactions in buffered solutions were the following :—(1) bluish- 
rose, fading quickly; (3) bluer and colourless in 30 secs.; (5) permanganate, 
fading less rapidly ; (7) more intense and more stable; (9), (11) reddish-violet; 
(13) violet; (15) blue. After 2 hrs.: (1) pink; (3), (5) colourless; (7) faint 
pink; (9) reddish-violet, fairly intense; (11) paler reddish-violet, (13) nearly 
colourless; (15) yellow. Recovery on addition of HCl in (1)—(11), (13) some 
loss; (15) no recovery at first, some colour on keeping or heating. The 
distribution number (n-BuOH) was 14-8 for both specimens. 


The authors thank the Royal Commissioners for the Exhibition of 1851 for 
a Senior Studentship awarded to one of them, Imperial Chemical Industries 
Limited for grants, and Mr. J. Resuggan for help in the preparation of material. 
The micro-analyses were performed by Dr. Ing. A. Schoeller. 
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370. The Transference of Water. Part II. Its 
Dependence on Concentration and Temperature in 
the Electrolysis of Sodium Chloride Solutions. 


By Gtynpwer Davies, Nissmm J. Hassip, and MILLicENntT 
TAYLOR. 


A PREVIOUS investigation (J., 1929, 2095) has shown that in the 
electrolysis of sodium chloride, transference of water occurs from the 
anode to the cathode, and the transference per faraday of electricity 
is greater the lower the concentration of the solution. 

In order to obtain further data regarding the effect of concentra- 
tion and also to observe the effect of temperature, we have now 
extended our observations to the behaviour of M- and 0-5M-sodium 
chloride solutions in the neighbourhood of 0°. 


EXPERIMENTAL. 

The migration apparatus has already been described (loc. cit.). The thermo- 
stat consisted of a large covered tank contained in a sawdust jacket and filled 
with H,O containing masses of ice large enough to reach to the lowest part of 
the migration apparatus. By vigorous stirring, the temp. was kept const. 
within less than 0-1°. 

To avoid change in concn. of stock solutions, these were stored in containers 
similar in principle to those described by McInnes and Dole (J. Amer. Chem. 
Soc., 1929, 51, 1119), the air replacing removed solution being drawn in over 
liquid of the same composition as that in the container. 

The flasks for acid and for electrolyte solutions were of Pyrex, and those for 
alkali of Jena glass. 

Materials.—All materials were prepared as described in the first communic- 
ation (loc. cit.). 

In August 1930 it was obs. that a stock solution of 0-5M-NaCl and 0-1M- 
urea made up in May of the same year showed slight alkalinity to phenol- 
phthalein, while a similar solution, used in the experiments already described 
and made up in January 1929, was still neutral. The solution showing alk. 
reaction was also cloudy, suggesting the presence of an organism. Unlike the 
first solution, it had been kept and opened in a warm room in which there was 
traffic. Freshly-made urea and urea—NaCl solutions of about the same urea 
conen. as those used for electrolysis were inoculated with the cloudy alk. 
solution, and when kept at room temp. (about 21°) they became alk. to phenol- 
phthalein in 10 days. Quantities of the same solutions which had not been 
inoculated remained neutral indefinitely. The gradually increasing alkalinity 
was therefore undoubtedly due to the presence of an organism which on 
cultivation on agar produced the typical growth characters of a penicillium. 

It is necessary to draw attention to these facts since Walden and Werner 
(Z. physikal. Chem., 1927, 129, 410), measuring the dielectric const. of 0-2M- 
urea aq., observed the onset of alkalinity after 3 days at 20—22°. They 
ascribed the change to slow non-enzymatic hydrolysis hastened by the presence 
of impurities (‘‘ Fremdstoffe’). If their conjecture were correct, urea would 
be unsuitable as a reference substance in transference experiments. 
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Once the mould has established itself in a locality, it is difficult to eradicate, 
and if a solution cannot be used immediately after prepn., we now add 0-5 c.c. 
of neutral and purified C,H, to about 2 1. of the stock solution, which is tested 
for neutrality just before it is put into the migration apparatus. 

Analytical Method.—This was essentially the same as that already described. 
McInnes and Dole (J. Amer. Chem. Soc., 1931, 58, 3261), in the determination 
of the transport numbers of KCl, observed a tendency to alkalinity at the 
cathode although there was no trace of gas evolution. This they ascribed to 
dissolved O acting on the reduced Ag to give AgOH, which further reacted 
with the NaCl to give AgCl and NaOH.: In Expt. 4 we also observed this 
effect, and a weight titration of a portion of the cathode solution to our 
standard red tint (py = 5-4) gave an alkalinity of 0-000042 g.-equiv. per 100 g. 
of solution. 

This would account for the smaller water transport calc. from the composi- 
tion of the cathode portion as compared with the anode portion in the previous 
expts. of this series. In Expt. 4, with N-NaCl solutions at 0°, this source of 
error has been taken into account, with the result that greater concordance 
between the water transport values as determined from anode and cathode 
composition has been obtained. 

The transference numbers for Na’ and Cl’ are not affected in any of the 
experiments, as the digestion of the solution with HCl for the estimation of 
urea reconverts any trace of NaOH into its equiv. wt. of NaCl. 


Results. 
Four experiments were carried out within 0-1° of 0°, two with 0-5M- and 
two with M-NaCl solutions, the urea being as before 0-1M in each case. 
Series A.—Experiments with solutions containing approx. 0-5M-NaCl + 
0-1M-urea. 





Expt. 1. Expt. 2. 
E.M.F. applied, volts —...cseceeceeceeeeeene 80 100 
Average current, AMP. —..e eee ereeeeseeeeeene 0:04 0-072 
Duration of run, Hours — ........cscececcsecee about 14 about 14 
TaBLE I. 
Accurate weight composition (per 100 g. of solution) before 
electrolysis : 
Expt. 1. Expt. 2. 
NaCl, g. Urea, g. NaCl, g. Urea, g. 
As made up ............ 2°5470 0-59321 2-8859 0-60037 
By analysis (1) ......... 2-5316 0-59404 2-8858 0-60050 
o» Z) ‘vovdveves 2-5289 0-59401 2-8871 0-60044 
Analytical mean ...... 2-5303 0-59402 2-8864 0-60047 


In Expt. 1, Table II, no total weights are recorded for the anode- and 
cathode-middle portions: the close agreement between the composition of 
these portions and that of the original, as well as the agreement between the 
composition of the sum of the anode and cathode portions and that of the 
original solution, renders this omission immaterial. 

Series B.—Experiments with solutions containing approx. 1-0M-NaCl + 
0-1M-urea. 

In both expts. (3 & 4) in this series, Z.M.F’. applied = 210 volts; average 
current = 0-074—0-076 amp.; duration of run = about 14 hrs. 
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PART II. 





TABLE II. 
Composition and Total Weight of Portions (Series A). 
Wt. of Wt. of Total weight of 
NaCl. Urea. ee 
Portion. (G./100 g. of soln.) Soln.,g. NaCl,g. Urea, g. 
Experiment 1. 

Original ............... 2°5303 0-59402 — — — 
BED ccccivicsecesssvens-» Gen 0-59845 146-031 3-2217 0-87393 
Anode middle ...... 2-5319 0-59418 — — — 
Cathode middle ...... 2-5269 059412 — — — 
GREROGS 2.0cccrcccceeee 3°1134 0-58631 82-473 377 0°48355 


2-5 
Total weight of anode and cathode portions 228-504 5-7894 1-35748 


As calc. from original compn., 
228-504 g. of soln. contain 5-7818 1-35736 


Experiment 2. 


Original ............... 2°8864 0-60047 — — — 

BBOGS sicceccscicesesscee 26247 0-60685 151-012 36616 0-91642 
Anode middle ...... 2-8865 0-60004 199-130 5-7479 1-19486 
BEI tccdecesisveces = REDE 0-60019 63-196 1-8233 0°37930 
Cathode middle ...... 2-8848 0-59986 176-029 5-0781 1-05594 
Cathode ............... 3°7500 0-58827 80-288 3-0108 0-47231 


Total 669-655 19-321, 40188, 
As calc. from original compn., 
669-655 g. of soln. contain 19-3294 4-0211 
TaBLeE III. 
Accurate weight composition (per 100 g. of solution) before 
electrolysis : 





Expt. 3. Expt. 4. 
NaCl, g. Urea, g. NaCl, g. Urea, g. 
As made up > 5-4954 0-56511 5-8664 0-54594 
By analysis ............ 54997 0-56413 (1) 5-8703 — 
(2) 5-8712 0-54549 
(3) 5-8699 0°54539 
(4) 5-8704 0-54544 
Analytical mean 5-8705 0-54544 


Table V gives for Expts. | and 2 (Series A), the wts. of NaCl and H,O 
associated with a const. quantity of urea, and also the wt. of NaCl associated 
with a const. quantity of H,O in the two electrode portions before and after 
electrolysis; the wts. of Ag deposited in the coulomb-meters are also given. 

Table VI gives the same values for Expts. 3 and 4 (Series B). 

Tables VII and VIII record for 0-5M- and 1-0M-solutions, respectively, 
at 0°, the equivs. of H,O, n,, and of NaCl, n,, transported, the true transport 
numbers, 7’y, and 7',,, and the Hittorf transference numbers, 7’, TU, the 
number N* of g.-mols. of H,O transported per faraday, and the number 
n,/n, of g.-mols. of H,O transported per g.-mol. of NaCl. 

In the case of each concn. at 0°, the solutions of the second expt. were sub- 
jected to more skilled analysis than those of the first. The closer concordance 
of anode and cathode values in the results of Expts. A2 and B4 is a measure 
of their greater reliability. Consequently, in Table IX, the mean values for 
the transport of H,O and of Na’ at 0° are derived from these two expts., while 
the values at 25° are the result of previous work (J., 1929, 2103) and of Wash- 
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the temp. 
TABLE IV. 


Composition and Total Weight of Portions (Series B). 








Wt. of Wt. of Total weight of 
NaCl. Urea. - —— 
Portion. (G./100 g. of soln.) Soln.,g. NaCl,g. Urea, g. 
Experiment 3. 

Original ............... 54997 0-56413 — — — 
DO EER 0-57045 144-629 7-1979 0-82504 
Anode middle ...... 5-4987 0-56302 118-447 6-5130 0-66688 
Middle ............... 5°4994 0-56411 91-273 5-0195 0-51488 
Cathode middle...... 5-4993 0-56390 88-823 4-8846 0-50087 
Cathode ............... 63384 0-55559 88-798 5-6284 0-49335 


Total 531-970 29-243, 3-0010, 
As calc. from original compn., 


531-970 g. of soln. contain 29-257, 3-0010, 
Experiment 4. 

Original ............... 5°8705 0:54544 — — — 
ANOO ........0ecseceeee &°3347 0-55160 149-851 79941 0°82657 
Anode middle ...... 5°8727 0-54537 114°547 6°7270 0-62470 
Middle ............... 58709 0-54547 175-260 10-2894 0-95599 
Cathode middle ...... 58735 0-54542 90-946 5°3417 0-49604 
Cathode ............... 6°8037 0-53478 87-207 59333 0-46637* 


Total 617-811 36-285, 3°3696, 
As calc. from original compn., 
617-811 g. of soln. contain 36-268, 3°3697, 


* Corrected for alkalinity of cathode solution (see p. 2498). 


TABLE V. 
Anode solution. Cathode solution. 





CL ee tt. y at ae 
Initially, g. Finally,g. Diff.,g. Initially, g. Finally, g. Diff., g. 
Experiment 1. 
Calculated to constant urea. 


Urea 0-87393 0-87393 — 0°48355 0-48355 — 
NaCl 3°7225 3°2217 —()-5008 2-0597 2-5677 +-0°5080 
H,O 142-524 141-935 —0-589 78-859 79-422 +-0-563 
Calculated to constant water. 

H,O 141-935 141-935 — 79-422 79-422 — 
NaCl 3°7072 3°2217 —0-4855 2-0744 2-5677 +-0:4933 


Experiment 2. 
Calculated to constant urea. 


Urea 0-91642 0-91642 — 0-47231 047231 — 
NaCl 44051 3°6616 —0-7435 2-2704 30108 +-0°7404 
H,0 147-295 146-434 —0-861 75-914 76-805 -+0°891 
Calculated to constant water. 
H,O 146-434 146-434 ~—- 76-805 76-805 — 
NaCl 4-3794 3-6616 —0-7178 2-2970 3-0108 + 0-7138 

Weight of silver deposited in coulomb-meters. 

Expt. |. Expt. 2. 

Anode ...... 2-4939 g. 3°6251 g. 
Cathode ... 2°4943 g. 3-6257 g. 


bbs daa chin 2-4941 g. = 0-023119 equiv. 3-6254 g. = 0-033606 equiv. 








burn’s expts. (J. Amer. Chem. Soc., 1909, 31, 322). These numbers show that 
at 0°, as well as at 25°, the transference of H,O to the cathode is greater the 
more dil. the solution, and also that for a given ‘concn. it is greater the lower 
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TABLE VI. 


Anode solution. Cathode solution. 


Initially, g. Finally,g.  Diff., g. Initially, g. Finally, g. Diff., g. 
Experiment 3. 





Calculated to constant urea. 


Urea 0-82504 0-82504 —_ 0-49335 0°49335 — 
NaCl 8-0433 7-1979 —(0-8454 4-8097 5-6284 +0-8187 
H,O 137-382 136-606 —0-776 82-150 82-676 4+-0°526 
Calculated to constant water. 

H,O 136-606 136-606 — 82-676 82-676 —_ 
NaCl 7-9981 7°1979 —0-8002 4°8405 5-6284 -+-0:7879 


Experiment 4. 
Calculated to constant urea. 


Urea 082757 0°82757 — 0°46637 0:46637 -- 
NaCl 8-8963 7-9941 —0-9022 5-0194 5-9333 +-0-9139 
H,O 141-820 141-030 —()-790 80-017 80-807 +-0-790 
Calculated to constant water. 

H,O 141-030 141-030 — 80-807 80-807 — 
NaCl 8-8467 7:9940 —0-8527 5-0690 59333 +0-8643 
Weight of silver deposited in coulomb-meters. 

Expt. 3. Expt. 4. 
Anode ...... 4-0487 g. 4-4496, g. 
Cathode ... 4-0486 g. 4-4487, g. 
a 4-04865 g. = 0037530 equiv. 4°4492 g. = 0-041242 equiv. 


TaBLeE VII. 
Series A (0-5M-NaCl solution). 





Expt. 1 Expt. 2 
(Temp. = 0-07° + 0-06°). (Temp. = 0-09° -+ 0-04°). Mean of 
‘ — —— Expts. 
Anode. Cathode. Mean. Anode. Cathode. Mean. 1 and 2. 
Nw 0-03269 0-03123 0-03196 0-04779 0-04946 0-04863 a 
Ng 0-008568 0-008690 0-008629 0-01272 0-01267 0-01270 — 


Tx, 03706 0-3759 0-3733 0:3785 03769 03777  0-3755 
To 06294 0:6241 00-6268  0-6215 06231 06223 0-6245 
TH 03592 0-3650 00-3621 03654 00-3633 0-3643 0-3632 
Te 0-6408  0:6350  0-6379 0-6346 0-6367 0-6357 00-6368 
My/ns 3-816 3-594 3-705 3-757 3-904 3-831 3-768 
n& —1-414 +1-351 1383 —1-422 +1-471 1-446 1-415 


TaBLeE VIII. 
Series B (1-0M-NaCl solution). 


Expt. 3 Expt. 4 
(Temp. = 0-04° +- 0-03°). (Temp. = 0-04° +- 0-03°). Mean of 





7 — Expts. 
Anode. Cathode. Mean. Anode. Cathode. Mean. 3 and 4. 
Ny 004307 002920 0-0361 0-04385 0-04385  0-0439 see 

Ns 0-01447 001401 06-0142 0-01543 0-01563 0-0155 7 
Tx,  0°3854  0°3732 0-379,  0-3742  0-3790 0-376, 0-378 
To 06146 0-6268 0-620, 0-6258 06210 0-623, 0-622 
Te 0°3647 0°3591 0-361,  0-3537 0-3685 0-356, 0-359 
ra 0-6353 00-6409 0-638, 0-6463 00-6415 0-643, 0-641 
My/n, 2-977 2-085 2-531 2-842 2-804 2-823 9-677 
ny 1:148 0-778 0-963 1-063 1-063 1-063 1-014 
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TABLE IX. 





Concn. 10M. 0-5M. 
os — -- ~ —_—— OOo. 

Temp. 0°. 25°. 0°. 25°. 
Sy ME ere 0-377 0-379 0-378 0-382 
Tt piciddans ceatunakieice 0-356 0-362 0-364 0°372 
Defi sno ner <pnayeggnsreses 2-82 2-2 3-83 2-83 
GEE: | we¢per soe ccopanegeane sce. eee 0-83 1-446 1-08 

Discussion. 


The calculation from these numbers of the absolute hydration of 
each ion in N- and 0-5N-sodium chloride solution on the assumption 
that the hydration is independent of the concentration, and that the 
decrease in water transport with concentration depends on the change 
in transport number (J., 1929, 2105), gives the impossible values of 
240 and 145 for the hydration of the sodium and chlorine ions 
respectively. 

The inclusion of all the values obtained in Series A and B in 
calculating the mean transport numbers of the sodium ion at 0° 
merely emphasises the above impossible result. In short, the water 
transport at 0° increases with dilution at a rate which is altogether 
too great to be accounted for by mere increase in the transport 
number of the more highly hydrated ion. Similarly, it is impossible 
that the cause of the increase in water transport with fall in tem- 
perature can be due to change in the relative mobility of ion hydrates 
whose composition is independent of the temperature, since the true 
transport number of the sodium increases with rise in temperature 
while the transference of water to the cathode shows marked decrease. 
We must therefore conclude, either that the extent of hydration of 
each ion is appreciably sensitive to moderate changes of temperature 
and concentration, or that the ions during migration transport water 
with which they are not chemically combined. The results of the 
determination of activity coefficients of salt solutions appear to 
indicate a total ionic hydration which, at a given temperature and 
apart from very high concentrations, is independent of concentration. 

Bjerrum (Z. anorg. Chem., 1920, 109, 275) has suggested that the 
relationship between the observed activity coefficient F, and the 
molar concentration ¢ of a uni-univalent electrolyte might be 
represented by the equation 

In F, = In f, + (2m — 2)c/55-5 
where f, represents the activity coefficient of the hydrated ions and 
m the total number of water molecules attached to the two ions. 

Harned (J. Amer. Chem. Soc., 1922, 44, 252) pointed out that an 
empirical equation of similar form to the above, in which the co- 
efficient of c is constant for a given temperature, expresses with 
considerable accuracy the relationship between the observed activity 
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coefficient and the concentration. Recent determinations by 
Harned and Nims (ibid., 1932, 54, 423) of the activity coefficients of 
sodium chloride solutions within wide ranges of temperature and 
concentration are in accord with this expression, thus indicating 
that m is independent of concentration. Apart from considerations 
entailing any specific interpretation of the observed values of the 
activity coefficients of salt solutions, Bjerrum (loc. cit.), depending 
solely on the law of mass action, has pointed out that the fall in 





f activity of the solvent due to increase in concentration of an electro- 
n lyte is insufficient to produce a measurable change in the degree of 
hydration of the ions even up to a concentration as high as4M. The 
conclusion is therefore justified that, while the ions in aqueous solution 
f may combine chemically with the solvent, they must also transport 
g during migration a considerable quantity of water with which they 
are not so combined. 
n Summary. 
° Migration experiments have been carried out with M- and 0-5M- 
r aqueous sodium chloride solutions at 0°, urea being used as non- 
r electrolytic reference substance, to enable the water transport to be 
+t estimated. 
e The results confirm the conclusion of previous experiments (J., 
- 1929, 2095) that the transference of water to the cathode increases 
3 with increasing dilution at a rate altogether too great to be accounted 
e for by change in the transport numbers of the ions. 
e They also show that transport of water to the cathode increases 
2, with decrease in temperature, an effect which again cannot be 
if referred to change in transport number of the kation, which decreases 
e with fall in temperature. 
r It is concluded that, since activity considerations point to a total 
e ionic hydration which is indepen/lent of concentration, the results 
0 here obtained must be interpreted as indicating that the ions during 
d migration transport a considerable quantity of water with which they 
1. are not chemically combined. 
le In conclusion, we desire to thank the Chemical Society for a grant which 
1e has provided much of the apparatus required for this research. 
a Tae Universrry, Bristow. [Received, June 29th, 1932.] 
NOTE. 
id zs 
Attempts to prepare a Compound containing the Group —N So" By R. J. W. 
Mn Le Févre. 
D- In view of the rapid transformation of PhNO by H,0, in alk. soln. (Bamberger, 





Ber., 1900, 88, 113) into its N-oxide (PhNO,), it seemed of interest to attempt 
to prepare the corresponding thio-compound (annexed formula). The following 
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types of expt. were made: PhNO was treated with freshly liberated hydrogen 
J0\ polysulphides, with Na polysulphides, with nascent 8 

_,;@ from Na,S,O, and acid, with HgS at various temps., with 

e SJ S$ directly at 100°, and with S in C,H,N. The first four 

methods were largely without effect but appeared to cause 
some reduction to PhNH, (identified by diazotisation and coupling with £- 
naphthol). The chief recognisable product from the last three processes was 
azoxybenzene, the yield of which was improved by working in a CO, atm. 
No indication was obtained in any of the expts. of the desired co-ordination. 
Azoxybenzene is the major thermal decomp. product of PhNO (Bamberger, 
Ber., 1902, 35, 1606). 

No co-ordination could be observed between PhNO and alc. ZnCl,, ale. 
FeCl,, MeI, or Me,SO,. Further, the properties of copper o-nitrosobenzoate 
are not those of a co-ordinated Cu compound (colour and solubility). Aromatic 
nitroso-compounds do not form salts with the hydrogen halides or H,S0O, 
but, instead, undergo decomp. 

PhNO is evidently inadequately represented as a tercovalent N-containing 
mol. 

S was without action on alkyl nitrites either alone or in C,H,N solution. 
These esters underwent loss of HNO, when mixtures with C;H,;N or C,H,N 
were kept in contact with air for a few days, the nitrate of the base and the 
aleohol being produced. The reaction apparently consists of hydrolysis by 
moisture present in the atm., followed by oxidation of (presumably) pyridine 
or quinoline nitrite, since similar results are not obtained when a mixture of 
the constituents, previously well dried, is left in a desiccator or when a mixture 
of the ordinary moist liquids is left in a sealed tube. 

Solubility of Sulphur in Pyridine.—‘ Flowers of sulphur” were twice 
recryst. from boiling C,H,N, pure 8S, m. p. 119° (sharp), being thus obtained 
as long yellow needles. 19-6 G. of a boiling sat. soln. and 14-0 g. of a sat. soln. 
at room temp. gave on evapn. 7-6 g. and 0-2 g. of S respectively, whence 100 g. 
of C;H,N dissolve 63 g. and 1-5 g. at the two temps. 

Action of Pyridine on Amyl and cycloHexyl Nitrites.—(a) Equal vols. of 
C,H,N and amy] nitrite were boiled under reflux for 5 hrs. and then distilled. 
The fraction, b. p. 100—110°, on standing deposited colourless crystals, m. p. 
107—114° (Found: N, 19-9. Cale. for C;H,N,0O,: N, 19-7%), evidently 
of pyridine nitrate, since they would not diazotise PhNH, but gave a positive 
reaction with NHPh,-H,SO,, and were identical with the product obtained 
by treating C,H,;N with HNO, in CHCl,. The fraction, b. p. 120—130°, 
contained amy] alcohol. 

(b) A mixture of amy] nitrite (50 g.) and C,H,N (100 g.) was left in a loosely- 
stoppered flask for 5 days. Pyridine nitrate (3-1 g.) was then obtained on 
filtration. 

(ce) cycloHexyl nitrite (2 ¢.c.) and C,H,N (4 c.c.) after a week afforded 
pyridine nitrate (0-2 g.) similarly.—UnNiversiry CoLLEGE, UNIVERSITY OF 
Lonpon. [Received, May 4th, 1932.] 
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371. Trypanocidal Action and Chemical Constitu- 
tion. Part XIII. Arylthioarsinites from Cysteine 
and Glutathione. 


By Aaron CoHEN, Haroip Kine, and WINIFRED I. StRANGEWAYS, 


In Part X (J., 1931, 3043) it was shown that acetanilide- and 
benzamide-p-arsenoxides could be converted into thioarsinites of 
greater therapeutic efficiency by condensation with thiol com- 
pounds. A study of the full protocols of these substances shows 
that the best is di(8-amino-$-carboxyethyl)benzamide-p-thioarsinite, 
NH,°CO-C,H,°As[S-CH,°CH(NH,)-CO,H],. 

The favourable therapeutic properties of this thioarsinite rendered 
necessary an investigation of the effect of condensing cysteine with 
arsonic acids of recognised therapeutic value such as N-phenyl- 
glycineamide-p-arsonic acid (I; “tryparsamide”’), 4-acetamido- 
2-hydroxyphenylarsonic acid (II; “‘orsanine”’), and 3-amino-4- 
hydroxyphenylarsonic acid (III) from which salvarsan is derived. 


NH-CH,°CO-NH, NHAc OH 
NH, 
OH 
AsO,H, As0,H, AsO,H, 
(I.) (I1.)  (IIT.) 


As the tripeptide, glutathione, contains cysteine as one of its 
component amino-acids, and as moreover it plays an important 
role in one theory of the mode of action of arsenicals, it was 
also decided to condense the arsenoxides of these acids with 
glutathione. 

N-Phenylglycineamide-p-arsenoxide or the dichloroarsine cannot 
be prepared by reduction of (I) in acid solution, since arsenic is split 
off from the nucleus. N-Phenylglycine-p-arsonic acid can, however, 
be reduced to phenylglycine-p-dichloroarsine (D.R.-P. 251104), but 
when this substance is esterified with methyl-alcoholic hydrogen 
chloride, only methyl phenylglycine is obtained. Fortunately the 
ester, methyl phenylglycine-p-arsonic acid, can be reduced to methyl 
phenylglycine-p-dichloroarsine, isolated as its arsenowide, and this 
ester on treatment with concentrated aqueous ammonia gives the 
required N-phenylglycineamide-p-arsenoxide. This arsenoxide is a 
relatively labile substance, for when warmed in suspension in 3% 
acetic yy it is converted into tri(phenylglycineamide)arsine (IV), 
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which on oxidation with iodine gives a well-crystallised tri(phenyl- 

glycineamide)arsine oxide dihydrate (V). 

(NH,°CO-CH,*NH’C,H,),As (NH,°CO-CH,*NH-C,H,),As0,2H,0 
(IV.) (V.) 

This behaviour finds a parallel in the case of p-aminophenylarsine 
oxide, which under more severe conditions gives triaminotripheny]l- 
arsine (Ehrlich and Bertheim, Ber., 1910, 43, 923). 

Phenylglycineamide-p-arsenoxide condenses smoothly with cys- 
teine to give crystalline di(@-amino-8-carboxyethyl) N-phenylglycine- 
amide-p-thioarsinite and with glutathione to give the amorphous 
diglutathionyl derivative. 

The alternative method for the preparation of thioarsinites as 
employed by Barber (J., 1929, 1020), namely, treatment of an 
arsonic acid with 4 molecular proportions of a thiol compound, 
failed in the case of phenylglycineamide-p-arsonic acid (I) and 
cysteine, since the two normal products, di(f-amino-f-carboxyethyl) 
phenylglycineamide-p-thioarsinite and cystine, are non-separable by 
any simple means and more severe treatment leads to the formation 
and isolation of tricysteinylarsine [CO,H-CH(NH,)-CH,°S],As, and 
cystine. 

4-Acetamido-2-hydroxyphenylarsenoxide can be obtained in 
50% yield by cautious reduction of the corresponding arsonic acid 
(II) at 0°, and it condenses readily in aqueous solution with gluta- 
thione and with cysteine to give di(glutathionyl) 4-acetamido-2- 
hydroxyphenylthioarsinite and di(B-amino-8-carboxyethyl) 4-acetamido- 
2-hydroxyphenylthioarsinite respectively. The non-acetylated parent 
substance, 4-amino-2-hydroxyphenylarsonic acid, cannot be reduced 
to the arsenoxide in acid solution without loss of arsenic from the 
nucleus, and this instability of the arsenoxide is so great that when 
the arsonic acid, as the monosodium salt, is treated, at room tem- 
perature throughout, with 4 molecular proportions of cysteine 
hydrochloride, tricysteinylarsine is formed. 

The remaining arsonic acid, 3-amino-4-hydroxyphenylarsonic 
acid (III), can be readily reduced to 3-amino-4-hydroxyphenyl- 
dichloroarsine, from which the free oxide can be obtained. The 
latter condenses with cysteine and with glutathione to yield di(6- 
amino-§-carboxyethyl) and di(glutathionyl) 3-amino-4-hydroxyphenyl- 
thioarsinites respectively. 

A summary of the results obtained when these thioarsinites are 
tested on an experimental infection of Trypansoma equiperdum in 
mice is given in the following table, 7' signifying the maximum dose 
tolerated, expressed in milligrams per gram of mouse, C the minimum 
curative dose, and r the number of days during which the blood- 
stream remains free from trypanosomes. 
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FF. C. r. 
Di(f-amino-f- carboxyetiy) phenylgly semenecesiith 
thioarsinite .. 0-09 0-03 >30 
Diglutathiony] phenylgl yeineamide- -p-thioarsinite . 0-35 0-075 >30 
Di(8-amino-8-carboxyethyl) 4-acetamido-2- hydroxy- 


phenylthioarsinite ... 0-05 0-04 23 
Diglutathionyl 4- acetamido- 2. ‘hydroxyphenyithio- 

arsinite .. 0-15 0-01 >30 
4-Acetamido-2- -hydroxyphenylarsonic acid ...... 1-0 0-15 >30 
Di(8-amino-f-carboxyethyl) 3-amino-4- hydroxy- 

phenylthioarsinite_ .. 0-07 0-02 >30 
Diglutathionyl 3-amino- 4- ‘hydroxyphenylthioarsinite 0-2 0-025 >30 
3-Amino-4-hydroxyphenylarsenoxide ... 0-04 0-008 >30 
Di(carboxymethy]) phenylglycineamide - “P- - thio- 

arsinite ... ; 0-05 0-02 >30 
Di(f-amino - B- -carboxyethyl) " ‘benzamide - DP - thio- 

arsinite ..... 0-1 0-01 >30 
Benzamide-p-arsonic : acid pag egoibliegdss apdesesteccheatpesl, 5am 0:3 >30 
SE EUEENEEIND occ ceccanccscccvesppoesd esi ppeceepesoscanecce OUD [inactive] 


Of the new substances now described, only diglutathionyl 
4-acetamido-2-hydroxyphenylthioarsinite equals or surpasses di({- 
amino-$-carboxyethyl) benzamide-p-thioarsinite in therapeutic 
efficiency. Out of 58 infected mice treated with the former sub- 
stance in doses between 0-01 and 0-15 mg. per g., 55 were “‘ free” 
from trypanosomes at the end of 31 days, including 8 mice out of 9 
receiving 0-01 mg. per g., the lowest dose so far tried. Out of 22 
mice treated with di($-amino-$-carboxyethyl) benzamide-p-thio- 
arsinite on doses between 0-01 and 0-1, 21 were free from trypano- 
somes at the end of 30 days; on a dose of 0-005, 2 out of 4 mice had 
not relapsed at the end of 30 days. 

It is proposed to test these two substances on different species of 
trypanosomes and to extend their trial to more generalised trypano- 
some infections such as occur in rabbits. 


EXPERIMENTAL. 


N-Phenylglycine-p-arsenoxide Methyl Ester.—p-Arsonophenylglycine methyl 
ester (36 g.) (MeO, 10-8. Calc., 10-7%) was added to 16% HCl aq. (360 c.c.), 
containing a trace of KI, at —5° and the suspension was saturated with SO, 
below 0° and kept for 24 hrs. The needles produced were washed with ice- 
cold 16% HCl aq. and added to sat. NaHCO, aq. (250 c.c.) below 0°, further 
solid being added if necessary to keep the reaction alkaline. The arsenowide, 
washed with H,O and dried in vac., was a pale primrose-yellow solid (24-7 g.) 
(Found in different preps. : As, 27-3, 27-3; MeO, 11-1, 11-0, 10-9.. C,H;,0,;NAs, 
H,O requires As, 27-4; MeO, 11-4%). ‘Titration with iodine in NaHCO, 
suspension is unsatisfactory owing to the very sparing solubility of the oxide. 

N-Phenylglycineamide-p-arsenoxide.—The preceding methyl ester (24 g.) 
was added all at once to NH; aq. (200 e.c., d 0-88) at —10° in a stoppered 
bottle, and the temp. allowed to rise to that of the room; the viscous 
product became white and cryst. after a few days (yield, 16-5 g.) (Found: N, 
il-l; As, 30-5. C,H,O,N,As requires N, 11-7; As, 31-2. C,H,O,N,As,}H,O 
requires N, 11-5; As, 30:7%). 
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The product is difficult to free from adhering NH, and in one case digestion 
with warm 3% AcOH converted it into needles with considerable loss in wt. 
Fission of As had taken place, since the N : As ratio had now risen to 5-7: 1. 
The cryst. solid was extracted (Soxhlet) with MeOH, and the residual 
tri(phenylglycineamide)arsine (9-0 g.) crystallised from formamide, separating 
in small needles, m. p. about 225° (decomp.) (Found: N, 15-8; As, 14:3. 
C,,H,,0,N,As requires N, 16-1; As, 14-3%). On oxidation in suspension in 
NaHCO, aq. it consumed 97% of the calc. amount of N/10-I. The oxidation 
product, tri(phenylglycineamide)arsine oxide, separated in square anisotropic 
plates which required 55 vols. of boiling H,O for its solution. The recryst. 
product separated in prisms which effervesced at about 160° [Found: C 
(micro), 50:1; H, 5-3; N (macro), 14-4; As, 13-0; H,O, 6-3. C,H,,0,N,As, 
2H,0 requires C, 50-1; H, 5-4; N, 14-6; As, 13-0; H,O, 6-3%]. 

Di(B-amino-B-carboxyethyl) Phenylglycineamide - p - thioarsinite.—Phenyl- 
glycineamide-p-arsenoxide (2-8 g.; As, 26-7%) was added to cysteine hydro- 
chloride (3-15 g.) in water (50 c.c.). By gentle warming, a clear solution was 
obtained, which on addition of sat. Na,CO, aq. to remove the acidity to Congo 
paper began to deposit a gelatinous solid. Abs. EtOH (50 c.c.) was immedi- 
ately added and after being kept for a few hrs. at 0° the product (4-2 g.) was 
collected and washed with cold 50% EtOH. The amorphous product had 
[a]}saex + 9°1° (c = 0-4 in N-HCl) and As, 16-3 (calc. for anhydr. substance, 
16-2%). It was obtained cryst. by solution in 250 c.c. of dil. HCl and removal 
of the acidity to Congo-paper by Na,CO, aq. A gelatinous solid separated, 
but when kept for a week this crystallised completely in microscopic woolly 
needles (Found: N, 11-5, 11-6; As, 15-2. C,,H,,0,N,8,As,1}H,O requires 
N, 11-4; As, 15:3%). [a]sqg, + 9°3° (c = 0-46in N-HCl). This thioarsinite 
gives a weak coloration with nitroprusside in NaHCO, aq. 

p-Arsonophenylglycineamide and Cysteine. Isolation of Tricysteinylarsine 
and Cystine Hydrochloride.—‘ Tryparsamide ” (12-2 g. of commercial Na 
salt) and cysteine hydrochloride (25-2 g.) were dissolved in warm H,0 (1 1), 
and the reaction of the solution adjusted to acidity to litmus paper but non- 
acidity to Congo-paper. A cryst. crop soon began to separate and was collected 
after 24 hrs.; yield 22-5 g., [a]s4g, — 75-6 (c = 0-4in N-HCl). Many attempts 
to isolate the condensation product of cysteine and reduced “ tryparsamide ” 
from such a product failed. The course of fractionation can be followed 
polarimetrically, but cystine and di(f-amino-f-carboxyethyl) phenylglycine- 
amide-p-thioarsinite appear to form a non-separable series of mixed crystals. 
When such a product was dissolved in cold 16% HCl aq., crude cystine hydro- 
chloride, [a]s4g; — 246°, separated, and from the mother-liquor by addition 
of Na,CO, a product of rotation [a];,,, + 6°1°. When the latter product was 
recrystallised from boiling H,O, it gave tricysteinylarsine, needles, m. p- 
253—255° (decomp.). It gave a weak nitroprusside reaction in NaHCO, aq. 
(Found : C, 25-2; H, 4-0; N, 9-6; As, 17-5. Cale.: C, 24-8; H, 4-2; N, 96; 
As, 17:2%). 

Attempted Esterification of N-Phenylglycine-p-dichloroarsine. Isolation of 
N-Phenylglycine Methyl Ester.—The hydrochloride of this dichloroarsine was 
dissolved in dry synthetic MeOH (5-8 g. in 40 c.c.) and saturated with HCl 
at 0° and then at the b. p. On removal of the solvent and addition of excess 
of sat. NaHCO, aq. a cryst. solid (2-0 g.) separated, m. p. 47°. It was free 
from As, sol, in Et,0, and proved to be phenylglycine methy] ester (Found : 
OMe, 18-3. Calc., 18°8%). 
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Di(glutathionyl) Phenylglycineamide-p-thioarsinite.—To glutathione (3-18 g. ; 
97% purity by iodine titration) dissolved in H,O (20 c.c.), phenylglycine- 
amide-p-arsenoxide (1:25 g.) was added. On slight further dilution a clear 
solution was obtained, which was evaporated to a syrup over H,SO, and then 
stirred with excess of EtOH. The pptd. amorphous dithioarsinite was dried 
in vac. (yield, 4-6 g.). It gave no reaction with nitroprusside in NaHCO, aq. 
(Found: As, 8-5, 8-6. C,,H,,0,,N,S,As requires As, 8-9%). 

4-Acetamido-2-hydroxyphenylarsenoxide.—The Na salt of the parent arsonic 
acid (8-35 g. of “ Orsanine sodique ”) was added to 16% HCl aq., containing 
a trace of KI, below 0°, and the solution saturated with SO, below 0°. The 
flask was sealed and the contents were kept below 0° for 3 days : the cryst. ppt. 
had then become replaced by an amorphous product. This was collected, 
washed with cold 16% HCl aq., and then added to sat. NaHCO, aq. (75 c.c.) at 
0°. The finely divided solid was washed with H,O (yield, 2-55 g.) (Found : 
N, 5-7; As, 29-8. Cale. for C,H,O,NAs,4H,O: N, 5-6; As, 300%). This 
oxide has also been described by Baranger (Thesis, Paris, 1931), but no yield is 
recorded. 

Di(B-amino-B-carboxyethyl) 4-Acetamido-2-hydroxyphenylthioarsinite. — The 
preceding arsenoxide (0-6 g.) was added to cysteine hydrochloride (0-77 g.; 
2 mols.) in H,O (20 c.c.). The insol. arsenoxide soon changed to a weakly 
anisotropic gelatinous product. On removal of acidity to Congo-paper a 
further deposition of solid occurred. The total solid was washed with H,O 
(yield, 1-0 g.) [Found : C (micro), 33-4; H, 5-4; H,O,9-0. C,,H..O,N,S,As, 
2}H,O requires C, 33-2; H, 4:9; H,O, 80%]. The product gave a weak 
nitroprusside reaction in NaHCO, aq. 

Di(glutathionyl) 4-Acetamido-2-hydroxyphenylthioarsinite—This was pre- 
pared as described above for the analogous product from phenylglycine- 
amide-p-arsenoxide. The product was a fine white amorphous powder which 
retained H,O tenaciously (Found: N, 10-3; As, 8-0, whence N: As = 6-9: 1. 
C.sH,,0,,N,8,As requires N, 11-7; As, 89%). The nitroprusside reaction 
was very weak in NaHCO, aq. but intense in NaOH aq. 

Action of Cysteine Hydrochloride on 4-Amino-2-hydroxyphenylarsonic Acid. 
Isolation of Tricysteinylarsine.—The arsonic acid (0-96 g.), dissolved in N-NaOH 
(3:3 c.c.; 1 mol.), was added to cysteine hydrochloride (2-1 g.; 4 mols.) in H,O 
(80 c.c.). On removal of the acidity to Congo-paper a solid (1-55 g.) gradually 
separated, [a]s44, — 67:4° (c = 0-42 in N-HCl). This crop was dissolved in 
the rotation liquors and made up to 40 c.c. with H,O. When the acidity to 
Congo-paper was again removed, the product (1-25 g.) had [a]s4,, — 60-4°. 
Repetition of the process, but adjustment of the reaction to faint acidity to 
Congo-paper, gave a product (0-7 g.), [a]sgg, + 7-0°, crystallising in tufts of 
needles. Two further repetitions of the same process gave 0-4 g. and 0-3 g. 
with [a]sq¢; -+ 37°3° and 35-3° respectively. The product now crystallised 
very readily in fan-shaped tufts of needles which proved to be identical with 
tricysteinylarsine [Found : N (micro), 9-7. Calc.: N, 9-7%]. 

3-Amino-4-hydroxyphenyldichloroarsine Hydrochloride.—The parent arsonic 
acid (10 g.) was suspended in H,O (90 c.c.), and a very small crystal of KI 
added, followed by conc. HCl (35 c.c.). The solution was saturated at 0° 
with SO,, kept for some hrs. at 0°, and then resaturated. On addition of conc. 
HCI (100 c.c.) the hydrochloride of the required dichloroarsine separated in 
lustrous leaflets. The product (8-5 g.) when dried in vac. was anhydr. 
(Found: Cl, 35-9; N, 4:9; As, 25-6. C,H,ONCI,As,HCl requires Cl, 36-6; 
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N, 48; As, 25°8%). This substance has been previously described (D.R.-P. 
272289), but no analyses are given. 

Di(B-amino-B-carboxyethyl) 3-Amino-4-hydroxyphenylthioarsinite.—The pre- 
ceding dichloroarsine (2-9 g.) was dissolved with 2 equivs. (3-1 g.) of cysteine 
hydrochloride in H,O (100 c.c.), and the acidity to Congo-paper just removed. 
Within 10 mins. the solution had set to a gelatinous mass. When kept at 0° 
for 12 hrs., partial crystn. had set in on the surface, and when stirred and kept 
for a further 24 hrs., complete transformation to the cryst. form had taken 
place. The product (2-75 g.) was recrystallised from 200 c.c. of boiling H,O 
and separated readily in asbestos-like needles (2-35 g.), m. p. 237—238° 
(decomp.). The nitroprusside reaction was very weak in NaHCO, aq., but 
intense in NaOH aq. [Found for solid dried in vac.: C (micro), 33-3; H, 
4-7; N, 97; H,O, 3-0. Cale. for C,,H,,0,N,5,As,3H,O: C, 33-3; H, 4-7; 
N, 9-7; H,O, 2:1%]. [a]sag, + 10-2 (c = 0-43in N-HCl). The above method 
of preparation is superior to that of Johnson and Voegtlin (J. Biol. Chem., 
1930, 89, 27), who give m. p. 225—227° (uncorr.). As stated by these authors, 
this substance can be accurately titrated in dil. acid solution with N/10-I. 

Di(glutathionyl) 3-Amino-4-hydroxyphenylthioarsinite.—3-Amino-4-hydroxy- 
phenylarsenoxide was obtained from the corresponding dichloroarsine hydro- 
chloride by dissolving the latter (2-9 g.) in H,O (10 c.c.) at 0° and slowly adding 
NaHCO, (2-6 g.). The pptd. arsenoxide was washed with a little ice-water 
and quickly transferred to a vacuum desiccator. The product (1-5 g.) was free 
from chloride and contained 35% of arsenic as shown by titration with iodine, 
corresponding to a 93% content of arsenoxide. Of this oxide, 0-6 g. was added 
to glutathione (1-85 g.) in H,O (20 c.c.). When solution was complete, the 
clear liquid was evaporated over H,SO, to a syrup, which was ground under abs. 
EtOH (yield, 2-2 g.) (Found: N, 11-4; As, 8-7, whence N: As = 7-05: 1. 
Cy¢Hs,0,,N ,S,As requires N, 12-3; As, 9-4%). 

Di(carboxymethyl) Phenylglycineamide-p-thioarsinite. — Dithioacetic acid 
(3-64 g.) was reduced at 35-—40° with Zn dust (3-0 g.) in 3N-HCl (40 c.c.) during 
1 hr. The clarified liquid was treated with sodium phenylglycineamide-p- 
arsonate (“‘ tryparsamide ”’) (2-76 g.), and the acidity of the solution gradually 
reduced by addition of 2N-NaOH. The required thioarsinite slowly separated 
in prismatic needles, m. p. 90° in agreement with Barber’s description (J., 
1929, 1023). This method of preparation avoids the isolation of free thiol- 
acetic acid, which is very sensitive to atmospheric oxygen. 


Natronat InstrruTEe ror Mepicat RESEARCH, 
HAMPSTEAD, [Received, July 29th, 1932.] 





372. Experiments on the Synthesis of isoQuinoline 
Derivatives. Part II. 


By Kartar 8. Naranc, JNANENDRA N, RAy, and SANTOKH 
S. Smoosa. 


ATTEMPTs to prepare homologues of papaverine, containing a sub- 
stituted 1-8-phenylethyl group (I) in place of the substituted 
1-benzyl group, on the lines of the Bischler—Napieralski method 
were successful, but an alternative method, dependent on the 
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condensation of (II) with aldehydes, failed because only o-nitro- 
benzaldehyde would react with this substance. 

The acid amides derived from phthalic and camphoric anhydrides 
with $-piperonylethylamine and $-veratrylethylamine respectively 
gave the substances (ITT) and (IV). 


CH, CH, 
OG NCH, RO’ \“ \cu, 
2 
(I.) R \ me OR: RO Va (II.) 
G 
CHyCH,< OR’ OH, 
CH, CH, 


reel CH, Me0/ \ \oH, 
any \pn MeO gn (IV.) 


Me(-CMe,'CH-CO,H 
H,— CH, 


EXPERIMENTAL. 


A mixture of 1l-methylnorhydrastinine (II; 2RO = CH,0,) (Decker, 
Kropp, Hoyer, and Becker, Annalen, 1913, 395, 299) (0-5 g.), o-nitrobenz- 
aldehyde (0-4 g.), and a trace of NaOEt in abs. EtOH (10 c.c.), warmed for 
5 mins. and kept for 2 hrs. at room temp., deposited yellow cryst. 1-o-nitro- 
styrylnorhydrastinine (0-75 g.), m. p. 132° after recrystn. from EtOH (Found : 
N, 8-6. © ,,H,,0,N, requires N, 8-7%). 

1-Methylhydrastininium iodide (0-5 g.) (m. p. 257° after crystn. from C,H), 
prepared from (II) and Mel, was reduced by hot H,O (25 c.c.), Al-Hg, and 
a few drops of conc. HCl to 1-methyldihydrohydrastinine (0-2 g.); picrate, 
m. p. 192—193° (Found: N, 12:8. C,,H,,0,N, requires N, 12-9%); hydro. 
chloride, pale yellow needles, m. p. 221°. 

The amide (m. p. 146°. Found: N, 40; calc., 4-0%) prepared from 
B-3 : 4-dimethoxyphenylpropionyl chloride and f-piperonylethylamine was 
dissolved (2 g.) in toluene (80 c.c.) and heated with POCI, (1-3 g.) at 110° 
for 1 hr. From the product, hot dil. HCl aq. (1:1) extracted 1-8-3’ : 4’-di- 
methoxyphenylethylnorhydrastinine (1 g.), m. p. 90° after crystn. from dil. 
EtOH (Found: N, 4:4. C,,.H,,0,N requires N, 4:1%). This compound 
(1-5 g.) and Mel (2-5 g.) in warm dry C,H, (10 c.c.) gave a cryst. methiodide 
(1-7 g.), m. p. 196° (Found: N, 2-6. C,,H,O,NI requires N, 2-9%). The 
methiodide (0-4 g.), reduced with H,O and Al-Hg as described above, fur- 
nished 1-8-3’ : 4’-dimethoxryphenylethyldihydrohydrastinine (0-25 g.) (I; 2RO = 
CH,O,, R’ = Me), m. p. 101° after crystn. from C,H,-ligroin (Found: N, 
4:2. C,,H,,;0,N requires N, 3-9%). 

B-Piperonylpropiono-B-3’ : 4’-dimethoxyphenylethylamide (m. p. 149° after 
erystn. from dil. EtOH. Found: N, 4:1. C. 9H,,0;N requires N, 3-9%) 
was treated (3-0 g.) in CHCl, (30 c.c.) with PCI, (4 g.), the solvent removed 
in vac. after 12 hrs,, and the residue extracted with hot dil. HCl aq. (1: 1); 
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from the extract, the hydrochloride of the dihydroisoquinoline crystallised 
in bright yellow needles, m. p. 187—188°. 6 :'7-Dimethoxy-1-B-piperonyl- 
ethyl-3 : 4-dihydroisoquinoline (1:2 g.) had m. p. 75-5° after crystn. from 
xylene-ligroin; it gave a deep greenish-yellow fluorescence in C,H, (Found : 
N, 4:4. CyH,,0,N requires N, 41%). The methiodide, m. p. 175° after 
erystn. from EtOAc-MeOH (Found: N, 3-0. C,,;H,,0,NI requires N, 2-9%), 
reduced (0-8 g.) with Al-Hg, gave the tetrahydroisoquinoline (0-5 g.), m. p. 
101° (Found: N, 415. ©,,H,,0,N requires N, 3-9%), which formed a 
picrate, m. p. 137° (Found: N, 9-6. C©,,H,,0,,N, requires N, 96%). A 
trace of the base gave in conc. H,SO, a permanganate-violet colour which 
became yellow on addition of H,O, then persistent deep yellow on addition 
of a drop of HNO,. 

The following compounds were prepared by the methods described above. 
B-Piperonylpropiono-B-piperonylethylamide, m. p. 135° (Found: N, 44. 
C1,H,,0,N requires N, 4:1%). 1-8-Piperonylethylnorhydrastinine (yield, 33% 
and 73% by the PCl, and the POCI, method respectively), m. p. 105° (Found : 
N, 4:4. Cy, 9H,,0,N requires N, 4-3%); methiodide, m. p. 229° (Found: N, 
3-05. ©,,H,,0O,N,MeI requires N, 3-0%). 1-8-Piperonylethyldihydrohydr- 
astinine, an oil; picrate, m. p. 102° (Found: N, 10-0. C,.H,,0O,N,C,H,O,N, 
requires N, 99%). §-3 : 4-Dimethoxyphenylpropiono-f-3’ : 4’-dimethoxy- 
phenylethylamide gave 6: 7 : 3’ : 4’-tetramethoxy-1-B-phenylethyl-3 : 4-dihydro- 
isoquinoline, m. p. 94° (Found: N, 4:1. C,,H,,0,N requires N, 3-95%); 
picrate,m. p. 129° (Found: N, 9-4. ©,,H,,;0,N,C,H,O,N, requires N, 96%); 
methiodide (Found: N, 2-9. C,,H,,0,N,MeI requires N, 28%). 6:7:3':4’- 
Tetramethoxy-1 - 8 - phenylethyl -2-methyl-1: 2: 3 : 4-tetrahydroisoquinoline, 
an oil; picrate, m. p. 166° (Found: N, 9-3. C,,H,0O,N,C,H,0,N, requires 
N, 9°3%). 

B-Piperonylethylamine (3 g.) and phthalic anhydride (2-7 g.) were heated 
together with a little NaOAc at 150—160° for 3 hrs., and the cooled mass 
was extracted with 5% NaOH aq. The insol. phthalo-B-piperonylethylimide 
(2 g.) had m. p. 140° after crystn. from EtOH (Found: N, 4-7. ©,,H,,0,N 
requires N, 4-7%). The alkaline filtrate on acidification furnished B-piperonyl- 
ethylphthalamic acid, m. p. 143° after crystn. from dil. EtOH (Found: N, 
4-5. C,,H,,0,N requires N, 4-5%). 

The aminic acid (0-6 g.), dissolved in dry CHCl, (30 c.c.), was heated with 
PCI, (0-8 g.) on the water-bath for 6 hrs., left for 4 days at room temp., and 
again refluxed for 4 hr. after addition of more CHCl, (20 ¢.c.), The solvent 
was removed, and the residue extracted with hot dil. HCl aq., dissolved in 
EtOH, treated with alkali, and acidified with AcOH; 6 : 7-methylenediozxy- 
l1-phenyl-3 : 4-dihydroisoquinoline-2’-carboxylic acid (III) (0-1 g.), m. p. 175°, 
was obtained (Found: C, 69-0; H, 4:8; N, 4:9. ©,,H,,0,N requires C, 
69-1; H, 4-4; N, 4-7%). 

The aminic acid (3-0 g.) prepared from camphoric anhydride and £-3 : 4- 
dimethoxyphenylethylamine in toluene (30 ¢.c.) was converted into the iso- 
quinoline (IV) in 40% yield by POCI, (10 g.) at 110°. The reaction mixture 
was extracted with cold dil. HClaq. (prolonged contact), and the extract 
was made alkaline with NH, aq. and then faintly acid with AcOH and 
extracted with much C,H,. The substance crystallised from C,H,-ligroin 
in silky needles, m. p. 65° (evolution of CO, at 85°), and showed a bluish- 
green fluorescence in EtOAc (Found :- C, 66-2; H, 7:9; N, 4-3. C,,H,,0,N 
requires C, 66-3; H, 7-8; N, 41%). 
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Veratrylidene-£-piperonylethylamine (m. p. 78°. Found: N, 4-6; cale., 
45%), prepared from veratraldehyde and the amine, was converted into the 
methiodide, m. p. 259° (cryst. from hot amyl alcohol), which (0-5 g.) in aq. 
EtOH was shaken with excess of Ag,O (neutral); from the resulting solution, an 
oily base was isolated which formed a picrate, m. p. 179°, not identical with 
the picrate of 1-3’ : 4’-dimethoxyphenyldihydrohydrastinine. 


THE University, LAHORE, [Received, August 15th, 1932.) 





373. The Resolution of a-m-Hydroxyphenylethyl- 
methylamine and the Preparation of d- and 1-Miotine 
(Methylurethanes of d- and 1|-a-m-Hydroxyphenyl- 
ethyldimethylamine). 


By JosrrpH McL. MacponaLp and Epagar STEDMAN. 


THE methylurethane of «-m-hydroxyphenylethyldimethylamine 
was first prepared by Stedman and Stedman (J., 1929, 609), but 
attempts to resolve it were unsuccessful. Nevertheless, the racemic 
substance was found to possess intense miotic activity, and on this 
account the name miotine was suggested for it (Amer. J. Physiol., 
1929, 90, 528). Since then, miotine has been shown, in common 
with other urethanes of the same type, to be a parasympathetic 
stimulant (White and Stedman, J. Pharm. Exp. Ther., 1931, 41, 
259; Aeschlimann and Reinert, ibid., 43, 413), and to possess the 
power of inhibiting the hydrolysis of methyl butyrate and of tri- 
butyrin by liver esterase (Stedman and Stedman, Biochem. J., 
1931, 25, 1147). In view of these results, the resolution of miotine 
has been reinvestigated. 

Attempts were first made to effect the direct resolution by crystal- 
lisation of salts of this base with optically active acids. A number 
of acids were examined, but in no case could a crystalline salt be 
prepared. Consideration was therefore directed to the possibility 
of resolving one of the compounds utilised in the synthesis of miotine. 
Of these, «-m-hydroxyphenylethyldimethylamine appeared to be 
the most suitable. No greater success was, however, obtained 
with this substance than with miotine itself. It appeared, more- 
over, unlikely that better results would be secured with either 
a-m-methoxyphenylethyldimethylamine or m-methoxypheny]l- 
methylearbinol, the only remaining substances theoretically capable 
of resolution which are used in the preparation of miotine. 

The possibility was then considered of resolving «-m-hydroxy- 
phenylethylmethylamine, which, it was anticipated, would form 
salts with smaller solubilities than those of the corresponding 
tertiary base. This substance was accordingly prepared by the 
4m2 
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interaction of a-m-methoxyphenylethyl bromide with methylamine, 
followed by demethylation of the methoxy-base by hydrobromic 
acid. The salts of this secondary base were, in fact, less soluble 
than those of the corresponding tertiary base, and it was possible 
to prepare a crystalline hydrogen d-tartrate and a hydrogen l- 
malate. Indications were, moreover, obtained, that some separation 
of the two enantiomorphs occurred on crystallisation of these salts, 
but it was evident that the difference between the solubilities of 
the two d-tartrates as well as of the two /-malates was so small that 
only small yields of the pure enantiomorphic forms of the base 
would be obtained after long fractionation. 

Attention was next directed to the bromocamphorsulphonates. 
Attempts to prepare these by double decomposition between 
ammonium «-bromocamphor-z-sulphonate and the hydrochloride 
of the base in aqueous solution at first failed. By dissolving the 
free base in an aqueous solution of bromocamphorsulphonic acid 
and then removing the solvent, a sticky product was, however, 
obtained which could be crystallised from ethyl acetate. After 
recrystallisation from the same solvent, purification was completed 
by crystallisation from water, d-«-m-hydroxyphenylethylmethylamine 
d-a«-bromocamphor-x-sulphonate being obtained in pure form. In 
view of the readiness with which this salt crystallised from water, 
its direct preparation from aqueous solution was re-examined, 
and, on using the above preparation for inoculation, crystallisation 
readily occurred, It was subsequently found that practically 
pure dd-salt separated without seeding from a solution of a-m- 
hydroxyphenylethylmethylamine hydrochloride in a carefully 
chosen volume of water on the addition of 0-5 equiv. of ammonium 
d-bromocamphorsulphonate. It is difficult to offer an adequate 
explanation of this result, which is in contradiction to the earlier 
experiments. Although it might be attributed to nuclei from the 
laboratory atmosphere initiating crystallisation, we suggest that 
the hydrochloride employed in the earlier experiments, although 
analytically pure, was contaminated with a minute amount of 
impurity which inhibited the crystallisation. This explanation 
is supported by the fact that the original preparation of the base, 
which was employed in these experiments, was not quite colourless, 
whereas the specimens used in the later experiments were crystallised 
from a different solvent and were perfectly colourless. 

In view of the good yield of the d-base obtained in the above 
experiments, it was hoped that it would be possible to purify the 
l-base remaining in the mother-liquors, but repeated crystallisation 
of the recovered base had no effect on its purity. By converting 
it into its hydrochloride and recrystallising this salt, the pure 








at 6000+ tat eee Ges Se Se 














“-m-HYDROXYPHENYLETHYLMETHYLAMINE, ETO. 2515 


hydrochloride of the I-base was obtained, but the yield was too 
small to render this a practicable method for the purposes in view. 
Ammonium [-bromocamphorsulphonate was therefore prepared 
from /-borneol, and the pure 1-«-m-hydroxyphenylethylmethylamine 
]-«-bromocamphor-x-sulphonate was obtained by the method employed 
in the case of the d-isomeride, by using the base recovered from 
the mother-liquors in the preparation of the latter. 

The use of the above resolved bases for the preparation of the 
enantiomorphic miotines depended on the possibility of converting 
them into the corresponding tertiary bases without serious loss. 
The procedure devised by Skita and Keil (Ber., 1929, 62, 1142) 
appeared to be suitable for this purpose: those authors employ 
an aqueous solution of the hydrochloride of the base and reduce 
this in an atmesphere of hydrogen in the presence of formaldehyde 
and platinum black under an excess pressure of 3 atmospheres. 
This method was tried with dl-«-m-hydroxyphenylethylmethyl- 
amine, using platinum black prepared according to Willstatter 
and Waldschmidt-Leitz’s method (Ber., 1921, 54, 113), with the 
modification that the pressure of hydrogen was only slightly greater 
than that of the atmosphere. Practically no absorption of hydrogen 
occurred. Since this negative result might be attributed to the 
fact that the hydrochloride, and not the free base, was employed, 
a further experiment was carried out in which a solution of the 
free base in methyl alcohol was used, the procedure being otherwise 
identical. A slow but steady absorption of hydrogen now took 
place until the uptake almost corresponded with. the amount re- 
quired theoretically. It was not, in this case, possible to isolate 
the tertiary base directly from the reaction mixture, but it was 
readily obtained in the form of its hydrochloride. In subsequent 
work, Adams’s platinum oxide catalyst was found superior to 
Willstatter’s platinum black. With this catalyst the hydrogenation 
takes place rapidly in methy’-alcoholic solution and the tertiary 
base can be readily obtained from the reaction mixture by removing 
the catalyst and evaporating the solution in a vacuum. 

The final stage in the preparation of d- and 1-miotine, effected 
by treating the resolved tertiary bases with methylcarbimide, 


proceeded smoothly. 
EXPERIMENTAL. 
dl-a-m-Methoxyphenylethylmethylamine, MeO-C,H,-CHMe-NHMe. — This 
base was prepared by the action of NH,Me on either a-m-methoxyphenylethyl 
bromide or chloride, the bromide being prep. by the method described by 
Stedman and Stedman (J., 1929, 609) and the chloride by adding SOCI, (24 
@c.) slowly to 41 g. of m-methoxyphenylmethylearbinol, Effervescence 
occurred during the addition and the reaction mixture became slightly warm. 
Aiter 1 hr., the product was distilled under low press. A small quantity of 
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SOCI, first passed over, and then a-m-methoxyphenylethyl chloride (35 g.) 
distilled as a colourless liquid, b. p. 110°/12 mm. 

When preparing a-m-methoxyphenylethyldimethylamine, Stedman and 
Stedman added a solution of the bromide in C,H, to an excess of NHMe, 
in the same solvent. This method was not applicable to the prep. of the 
secondary base owing to the small solubility of NH,Me in C,H,. Expts. 
were therefore first carried out using EtOH as solvent. a-m-Methoxyphenyl- 
ethyl bromide (prep. from 25 g. of the carbinol) was poured into 60 c.c. of a 
33% solution of NH,Me in EtOH and kept over-night. Crystals of NH,Me,HBr 
separated, but on acidifying a small test portion of the solution with dil. HCl 
a@ pronounced turbidity was produced, indicating that the bromide had not 
all reacted. After a week, although the reaction was still apparently in- 
complete, the product was worked up. The solution was decanted from 
the NH,Me,HBr, the latter washed with EtOH, and the combined alc. solutions 
acidified with HCl and the EtOH removed by steam distillation. After the 
bulk of the EtOH had passed over, the distillate was seen to contain a small 
quantity of a colourless oil. The distillation was therefore continued until 
this had been completely removed. The residue in the flask was then ex- 
tracted with Et,O first in acid solution and then after it had been made alk. 
by NaOH. After drying (Na,SO,), the Et,0 was evaporated from the latter 
extract and the product distilled under diminished press., dl-a-m-methoxy- 
phenylethylmethylamine, b. p. 113-5—114-5°/14 mm., being obtained as a 
colourless oil (yield 17 g.). 

The same base was similarly prepared from a-m-methoxyphenylethyl 
chloride; even after 14—15 days some non-basic material was still present. 
A yield of 24 g. was obtained from 35 g. of the chloride. Based on the weight 
of carbinol originally employed, this represents 54% of the theo., as com- 
pared with 63% when the br mide was utilised. 

Since acetonitrile dissolves considerable quantities of NH,Me, and does 
not react with the bromide, it was tried as a solvent: not only were better 
yields of the base obtained, but the reaction proceeded much more rapidly, 
as the following typical example shows. Dry NH,Me (35 g., prepd. from 
its chloride) was passed into 130 g. of MeCN in a freezing mixture, and treated 
slowly with a solution in the same solvent of the a-m-methoxyphenylethyl 
bromide (from 64 g. of the carbinol). After 3 days the solvent was distilled 
off, ether added to the residue, and the NH,Me,HBr which had separated 
during the evaporation of the MeCN was filtered off. The ethereal solution 
was then extracted with dil. HCl, the base pptd. from this extract by NaOH, 
and shaken out with Et,0. There were thus obtained 52 g. (75%) of a-m- 
methoxyphenylethylmethylamine, b. p. 117—118°/15 mm. The hydrochloride, 
m. p. 152—153°, separated as colourless prisms on addition of dry Et,O to 
its alc. solution (Found: Cl, 17-5. ©C,.H,,ON,HCl requires Cl, 17-6%). 

dl-a-m-Hydroxyphenylethylmethylamine, HO-C,H,-CHMe-NHMe.—The above 
methoxy-compound (52 g.) was dissolved in 200 c.c. of constant-boiling HBr 
aq. and boiled under reflux for 6 hrs. After removal of the HBr by distillation 
under diminished press., the residual syrup, which frequently crystallised 
on standing, was dissolved in H,O and extracted with Et,0 to remove any 
non-basic impurities. Preliminary expts. had shown that the phenolic base 
was insol. in dry Et,O and only sparingly sol. in moist Et,0, and was sol. in 
dil. aq. alkalis. Its isolation from the above solution was therefore effected 
by the following procedure, which utilises the fact that the base is salted out 
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from alk. solution by relatively high concns. of Na,CO,, a process which is 
assisted by saturating the solution with Et,O. The solution was treated 
with a large excess of a hot saturated solution of Na,CO,, cooled, and 
shaken with a small quantity of Et,O. -The solid base soon separated. 
It was left in the refrigerator for some hours, whereupon the solid 
was filtered off, dried in a desiccator, extracted with hot EtOAc, and 
the solution filtered from a small quantity of Na,CO, and cooled. dl-a-m- 
Hydroxyphenylethylmethylamine separated in solid form. It can be recryst. 
from C,H, or EtOH but best from EtOAc (charcoal); it forms a felted mass 
of needles, m. p. 160°; yield 41 g. 

The hydrochloride, m. p. 160°, crystallises from alcohol (Found: Cl, 18-9, 
C,H,,0N,HCI requires Cl, 18-8%). 

Resolution of dl-a-m-Hydroxyphenylethylmethylamine.—30 G. of the racemic 
base were dissolved in 345 c.c.’ of 0-584N-d-bromocamphorsulphonic acid 
(Pope and Peachey, J., 1898, 73, 895), and the H,O removed as completely 
as possible by distillation under diminished press. In order to remove last 
traces of H,O, the sticky brown residue was dissolved in EtOH and the solvent 
similarly removed, this process being repeated again with EtOH and finally 
with EtOAc. The residue was now dissolved in about 220 c.c. of hot EtOAc, 
and the solution cooled and placed in the refrigerator. After 2 days the 
eryst. material which had separated (46 g.; m. p. 165°) was collected. Addition 
of Et,0 to the mother-liquors gave a further 20 g. of the same material. 
Preliminary expts. had shown that further crystn. from EtOAc produced a 
rise in the m. p. of the product, which could then be cryst. from H,O. In the 
present expt. this further crystn. from EtOAc was avoided and the two 
fractions were dissolved separately in hot H,O, the first fraction (46 g.) in 
150 c.c. and the second (20 g.) in 45 c.c. The two solutions were cooled and 
inoculated with crystals of the d-bromocamphorsulphonate of the base which 
had been obtained in the preliminary expts. After about 2 hrs. the cryst. 
material which had separated was filtered off, that from both batches melting 
at 191° (yields: 15-5 and 6-8 g. respectively). Further crystn. produced 
no change in the m. p., and the physical constants of the base recovered from 
the salt agreed with those given below for the pure d-base. 

As pointed out on p. 2514, this method was subsequently modified; the 
following is typical of the procedure finally adopted: 60 g. of the hydro- 
chloride of the dl-base were mixed with 55 g. (slightly more than 4 mol.) of 
ammonium d-bromocamphorsulphonate and the mixture was dissolved in 
295 c.c. of hot H,O. The solution was cooled, and the salt commenced to 
separate. After being kept for 3 hrs. at room temp. with occasional shaking, 
the product was separated, 62 g. of cryst. material, m. p. 187—190°, being 
obtained. On standing in the refrigerator over-night, the mother-liquors 
deposited a further crop (5 g.),m. p. 182—185°, which on recrystn. from H,O 
gave 4 g. of material, m. p. 188—190°. This was united with the first crop 
and the whole recryst. from H,O, yielding 59 g. (79% of the theo.) of the 
pure bromocamphorsulphonate. d-a-m-Hydroxyphenylethylmethylamine d-a- 
bromocamphor-n-sulphonate crystallises from H,O as rectangular tablets, 
m. p. ca. 193°, containing an indefinite amount of H,O of crystn. This is 
lost slowly in the air and more rapidly in a vac. desiccator (Found : loss on 
drying in high vac. over P,O,, 4:7. C,yH,,;0N,C,9H,,0,Br8,14H,O requires 
H,0, 5-5%. Found, in dried material: C, 49-6; H, 6-0. 
C,H,,0N,C,9H,,0,BrS 
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requires C, 49-3; H, 61%). The anhyd. salt has m. p. 197° and can be obtained 
directly by crystn. of the hydrated substance from EtOAc, in which it is 
sparingly sol. at room temp.; it is also sparingly sol. in MeOH and EtOH. 

Preliminary expts. having shown that the separation of the d-acid salt 
of the d-base was due less to any great difference between the solubilities of 
the two d-bromocamphorsulphonates than to the greater tendency to super- 
saturation shown by that of the /-base, an attempt was made to prepare and 
purify the latter salt by the addition of a further 4} mol. of ammonium d- 
bromocamphorsulphonate to the mother-liquors from the expt. described 
in the preceding paragraph. Although this caused the bulk of the remaining 
material to separate, it could not be purified by crystn.; nor could the base 
recovered therefrom be further purified by crystn. The latter was therefore 
converted into the hydrochloride, which, on recrystn. from EtOH, deposited 
the pure hydrochloride of the l-base (yield, very small). The bulk of the 
impure hydrochloride (23 g.) was therefore mixed with ammonium I-bromo- 
camphorsulphonate (40 g.). and dissolved in 120 c.c. of hot H,O. After 3 hrs. 
the eryst. salt which had separated was collected (47 g.; m. p. 192°) and 
recryst. from H,O. The properties of 1-a-m-hydroxyphenylethylmethylamine 
l-a-bromocamphor-1r-sulphonate are identical with those of the corresponding 
dd-salt described above (Found : loss on drying in high vac. over P,O,, 3-3%. 
Found, in dried material: 8, 6-9. C,H,,ON,C,,H,,0,BrS requires §, 
6-9%). Owing to the sparing solubilities of the above bromocamphor- 
sulphonates in all ordinary solvents at room temp., their rotations were not 
determined. The resolution was controlled by following the m. p.’s of the 
various fractions during erystn. and by the rotation of the recovered bases. 

d-a-m-Hydroxyphenylethylmethylamine was recovered from its bromo- 
eamphorsulphonate by the method described in connexion with the dl-base. 
40 G. of the salt yielded 14 g. (87% of theo.) of the pure d-base, which crystal- 
lised from EtOAc in a felted mass of needles, m. p. 171°, [a], + 68-0° (c = 5-0 
in C;H;N) (Found: C, 71-6; H, 8-5. ©,H,,ON requires C, 71-5; H, 8-6%). 
Its hydrochloride crystallises from EtOH as hexagonal tablets, m. p. 201°, 
[aly ++ 200° (c = 10-0 in H,O) (Found: Cl, 18-8. C,H,,O0N,HCl requires 
Cl, 18-9%). 

l-a:m-Hydroxyphenylethylmethylamine, when recovered from its l-bromo- 
eamphorsulphonate, had m. p. 171°, [a]p — 68-0° (c = 5-0 in C;,H,N) (Found: 
N, 9-1. C,H,,ON requires N, 9-3%), in agreement with the d-isomeride. Its 
hydrochloride had m. p. 201°, [a], — 20-0° (ce = 10-0 in H,O) (Found: Cl, 
19-3%). 

d- and l|-a-m-Hydroxyphenylethyldimethylamine, HO-C,H,-CHMe-NMe,.— 
Details of the preliminary expts. on the methylation process are recorded 
on p. 2515. The following typical example illustrates the method finally 
adopted: 5 g. of d-a-m-hydroxyphenylethylmethylamine were dissolved in 
30 c.c. of hot MeOH and 3 c.c. of formalin were added. The mixture was 
then cooled and introduced into the hydrogenation chamber of the apparatus, 
which was of the type described by Hess (Ber., 1913, 46, 3120). After the 
apparatus had been swept out with H, 0-1 g. of PtO, catalyst was washed 
with MeOH into the upper and smaller chamber, and, after reduction, trans- 
ferred to the adjoining chamber containing the reaction mixture. The 
apparatus was now shaken, and a rapid and steady absorption of H occurred : 
700 c.c. in the first 40 mins., a further 50 c.c. in the next 15 mins. ; absorption 
then became very slow and experience had shown that the best product was 
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obtained if the process was stopped at this stage although the theo. vol. 
(810 ¢.c.) had not been absorbed. The catalyst was therefore filtered off, 
and the MeOH evaporated on a water-bath. The syrupy residue was dried 
in a vac. desiccator, and solidified in 12 hrs. (yield 5-2 g.). This impure pro- 
duct was crystallised from a small vol. of EtOH, and 3-8 g. of material were 
obtained, a further 0-5 g. being recovered from the alc. mother-liquors in the 
form of hydrochloride. d-a-m-Hydroxyphenylethyldimethylamine crystallises 
from C,H, in square tablets, m. p. 116°, [a]p + 55-8° (c = 5-0 in EtOH) 
(Found: C, 72-6; H, 9-2. C,H,,ON requires C, 72-7; H, 9°1%). The 
hydrochloride crystallised on the addition of Et,O to its solution in EtOH 
in aggregates of tablets, m. p. 161°, [a]p + 15-2° (c = 10 in H,O) (Found: 
Cl, 17-9. C,,.H,,ON,HCI requires Cl, 17-6%). 
]-a-m-Hydroxyphenylethyldimethylamine, m. p. 116°, [a]p — 55-8° (c = 5-0 
in EtOH) (Found: N, 8-2. C,,H,,ON requires N, 8-5%), was prepared from 
the corresponding secondary base under the same conditions as were used 
for the d-isomeride. Its hydrochloride, m. p. 161°, [a]p — 15-0° (c = 10 in 
H,O) (Found : Cl, 17-7%), agrees in properties with that of the d-base. 
Preparation of d- and |-Miotine (Methylurethanes of d- and |-a-m-Hydrozxy- 
phenylethyldimethylamine), NHMe-CO,°C,H,-CHMe-NMe,.—4 G. of d- (or 
l-) tertiary base were treated with about 4 c.c. of freshly prep. CO:NMe, the 
mixture being kept cool. The base dissolved slowly, and after about 10 mins. 
a cryst. product commenced to separate. The reaction mixture was kept 
over-night at room temp., and the excess of CO:NMe was then removed under 
diminished press. The residue was dissolved in warm Et,O and the solution 
filtered from a small quantity of brown material. On evaporation of the 
Et,O, a colourless solid was obtained (yield 4-5 g.). The methylurethane of 
d-a-m-hydroxyphenylethyldimethylamine crystallises from Et,O, in which 
it is fairly sol., in flat prisms, m. p. 85°, [a]) + 37-0° (c = 10 in EtOH) (Found : 
C, 64-7; H, 8-2. C,,H,,0,N, requires C, 64:9; H, 8-1%). 
The methylurethane of the l-base, m. p. 85°, [a]) — 35-7° (c = 10 in EtOH) 
(Found: N, 12:3. C,,.H,,0,N, requires N, 12-6%), crystallises similarly. 
The hydrochloride of the d-methylurethane, m. p. 167° (efferv. after sintering 
at about 160°; slow heating), [a]) + 10-6° (c = 10 in H,O) (Found: Cl, 
13-5. C,.H,,0,N,,HCl requires Cl, 137%), crystallises from EtOH in the 
form of tablets; and the hydrochloride of the methylurethane of the l-base 
has m. p. 167° (efferv.), [a]) — 10°2° (c = 10in H,O) (Found: Cl, 13-7%). 


Part of the expense of this investigation has been met by grants from the 
Earl of Moray Research Fund of this University. 
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374. Resin Acids. Part I.- Synthesis of Phenan- 
threne Hydrocarbons derived from d-Pimaric Acid, 
and a New Route to Phenanthrene. 


By Jocenpra C. BarpHAN and SuREsH C. SENGUPTA. 


IN a series of investigations on the chemistry of resin acids, Ruzicka 
and his collaborators (Helv. Chim. Acta, 1922, 5, 585; 1923, 6, 
677, 1082; 1924, 7, 470, 875), using the Vesterberg—Diels dehydro- 
genation technique (Ber., 1903, 36, 4200; Annalen, 1927, 459, 1), 
isolated retene, a new dimethylphenanthrene (pimanthrene), 
methylpimanthrene, and methylretene, the additional methyl 
groups in the last two compounds being derived from the carboxyl 
groups present in d-pimaric acid and abietic acid respectively. From 
purely analytical experiments, Bucher (J. Amer. Chem. Soc., 1910, 
32, 374) represented retene as 1-methyl-7-isopropylphenanthrene. 
Furthermore, Ruzicka, de Graaff, and Hosking (Helv. Chim. Acta, 
1931, 14, 233) have shown that both retene and pimanthrene 
furnish phenanthrene-1 : 7-dicarboxylic acid on oxidation. Piman- 


threne must therefore be 1 : 7-dimethylphenanthrene. The struc? 


ture of the two remaining phenanthrene derivatives is less definite : 
although Ruzicka and his collaborators have tentatively represented 
them as 1:4: 7-trimethyl- and 1 : 4-dimethyl-7-isopropylphenan- 
threnes, numerous alternatives are possible. 

In view of the bearing of these phenanthrene derivatives on the 
orientation of d-pimaric and abietic acids, we are endeavouring 
to synthesise them, and the present communication deals with the 
products derived from d-pimaric acid. 

For obvious reasons the classical method of Pschorr (Ber., 1896, 
29, 496) and the modified method of Windaus and Eickel (Ber., 
1924, 57, B, 1871, 1875) cannot be conveniently employed for the 
synthesis of the phenanthrene derivatives described above. On 
the other hand, Schroeter (Ber., 1924, 57, B, 2025; 1929, 62, 645) 
has recently indicated a new synthesis of phenanthrene starting 
from naphthalene. Owing to the difficulty of obtaining naphthalene 
derivatives with appropriate substituents (Miiller, Diss., Utrecht, 
1930) and the difficult questions of orientation involved in the 
subsequent stages, this method cannot have any wide application 
(compare, however, Haworth, this vol., p. 1126). 

We therefore decided to devise a new synthesis of phenanthrene. 
In the first instance, we condensed $-phenylethyl bromide with 
the potassio-derivative of ethyl cyclohexanone-2-carboxylate to 
give ethyl 2-8-phenylethylcyclohexanone-2-carboxylate (I; R =H); 
on hydrolysis, this yielded 2-8-phenylethyleyclohexanone (II; R = H), 
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and reduction by sodium and moist ether afforded 2-6-phenylethyl- 
cyclohexanol (III; R = H), which, on treatment with phosphorus 


ay /CHs—CO, ,,CO,Et ay /CHy—CO\ car. 
CHXCHR-CH, <CH,CH,Ph  CHacak.cH, CH CHa CHaPh 
(.) (IL.) 
CH on (OH) CH-CH,CH,Ph 
(IIT.) 


pentoxide under certain conditions (p. 2523) readily furnished the 
desired cyclic condensation product (IV; R= pe That this is 


Me 
CH, CH, yore 
€ \CH, ali OH, + ¥ O,Et 
AH, JAH, b, 
CH O48, GH OH, So ba 
nell are wis CH, CHR’ 
e ‘ry ‘ dA ot: 
CH, CH, CH, 
(IV.) (V.) (VI.) 


1:2:3:4:9:10:11:12-octahydrophenanthrene follows from a 
consideration of its physical properties and a rational synthesis 
from diketo-octahydrophenanthrene (V) (Rabe, Ber., 1898, 31, 
1896) by Clemmensen’s method. The same octahydrophenanthrene 
has been previously prepared by the reduction of phenanthrene 
by several investigators (Schmidt and Mezger, Ber., 1907, 40, 4240; 
Ipatieff, ibid., 1908, 41, 996; Breteau, Compt. rend., 1910, 151, 
1368; Bull. Soc. chim., 1911, 9, 764). Since the physical properties 
of our product did not correspond with those found by previous 
workers, it is probable that their preparations were not homogeneous. 
Our formation of octahydrophenanthrene is precisely analogous 
to the production of methylisopropylhexahydrofluorene by the 
action of phosphoric oxide on benzylmenthol (Wallach, Annalen, 
1899, 305, 261). 

On being heated with selenium at 280—340°, the octahydro- 
phenanthrene readily furnished phenanthrene. This new synthesis 
of phenanthrene has the advantage that the starting materials 
are readily accessible in great variety and the yields are excellent 
throughout ; and we have now synthesised 2-methyl-, 1 : 4-dimethyl.-, 
and 1 : 7-dimethyl-phenanthrene with the aid of this method. 

Substitution of ethyl 4-methylcyclohexanone-2-carboxylate in 
the above process yielded successively the homologues of (I), (II), 
(IIT), and (IV), and finally 2-methylphenanthrene, identical in all 
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essential respects with the product described by Haworth (loc. cit., 
p- 1133; compare also Klinckhard, Annalen, 1911, 379, 375). 

1 : 4-Dimethylphenanthrene.—2 : 5-Dimethylbenzyl chloride was pre- 
pared from p-xylene by an extension of the method of Blane (Bull. 
Soc. chim., 1923, 33, 313). This was converted, by way of the 
cyanide, into ethyl 2 : 5-dimethylphenylacetate, which was reduced 
by Bouveault’s method, a good yield of 8-2 : 5-dimethylphenylethyl 
alcohol being obtained. The alcohol was converted into the bromide, 
and the latter condensed with ethyl cyclohexanone-2-carboxylate 
to give the keto-ester (VI; R= Me, R’=H). This could not be 
hydrolysed to the ketone, so it was directly reduced to the hydrozxy- 
ester (VII; R = Me, R’ = H), which was converted into the cyclic 
product (VIII; R = Me, R’ = H) by means of phosphoric oxide. 


Me CH, 
(CH, Me CH, 
/ [fort AO, 
”, CO, Et 
(VIL) a BSN x Ya dn, (VIII) 
fan tank: GH, CHR’ 
. p Hs 
be CH, 
CH, 2 


Dehydrogenation by selenium gave 1 : 4-dimethylphenanthrene, with 
the extrusion of the carbethoxyl group. Owing to the small amount 
produced we could not definitely establish the constitution of this 
product, but the production of phenanthrene in good yield by 
reduction of the keto-ester (I; R = H), cyclisation, and dehydro- 
genation leaves no doubt as to the correctness of our view. 

1 : 7-Dimethylphenanthrene.—By a precisely analogous method, 
8-o-tolylethyl bromide and ethyl 4-methylcyclohexanone-2-carb- 
oxylate yielded successively (VI; R = H, R’ = Me), (VII; R = H, 
R’ = Me), and thence 1 : 7-dimethylphenanthrene, identical with 
a specimen of pimanthrene prepared by the selenium dehydrogen- 
ation of d-pimaric acid. Its identity was further established by 
the formation of the picrate and the styphnate. 

We have also prepared by the general method 1 : 4 : 7-trimethy]- 
phenanthrene, which differs from methylpimanthrene. An account 
of this, together with the corresponding products derived from 
abietic acid, will be communicated to the Society shortly. 

Whilst our work was in progress, the preliminary notice of work 
on similar lines by Haworth and his co-workers appeared. We, 
therefore, place on record the results which we have obtained in- 
dependently and almost simultaneously by a method which, we 
believe, is quite different from that used by them. 
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EXPERIMENTAL. 


A. Synthesis of 1:2:3:4:9210:11+112-Octahydrophenanthrene and of 
Phenanthrene.—Ethyl 2-B-phenylethyleyclohexanone-2-carboxylate (I; R = H). 
Many unsuccessful attempts were made to bring about the interaction of 
B-phenylethyl bromide and the Na derivative of ethyl cyclohexanone-2- 
carboxylate; combination readily took place, however, when the correspond- 
ing K derivative was employed: K (7 g.) was finely powdered under xylene, 
the latter was replaced by dry C,H, (100 c.c.), and the ester (29 g.; Kétz 
and Michels, Annalen, 1906, 350, 210; 1908, 358, 198) was added. When 
the formation of the K derivative was complete, the mixture was treated 
with a slight excess of B-phenylethyl bromide (35 g.) and the whole heated 
under reflux on the water-bath for 28 hrs. After cooling, H,O was added, 
and the C,H, layer was separated, washed with H,O, dried, and distilled, 
the bulk passing over at 180—190°/7 mm. (yield, 23 g.), and redistilling at 
184—185°/6 mm. (Found: C, 74:3; H, 8-3. C,,H.O3; requires C, 74:4; 
H, 80%). The ester is a colourless viscous oil of pleasant odour and gives 
no coloration with FeCl,. 

2-8-Phenylethyleyclohexanone (II; R =H). The foregoing keto-ester 
(20 g.) was boiled with 10% KOH aq. (150 c.c.) for 23 hrs. under reflux; the 
product was cooled, slightly acidified with HCl, and distilled in steam. The 
distillate was saturated with NaCl and repeatedly extracted with Et,0. The 
solvent was removed, and the crude ketone directly converted into semi- 
carbazone (8 g.), which crystallised from abs. EtOH, in which it is sparingly 
sol., in minute prisms, m. p. 179—180° (decomp.) (Found: C, 69-9; H, 8-4. 
C,;H,,ON, requires C, 69-5; H, 82%). The ketone was regenerated from 
the semicarbazone by gently warming it with dil. HCl aq. and collected in 
Et,0; it was a perfectly colourless, mobile liquid of characteristic agreeable 
smell, b. p. 154°/6 mm. (Found: C, 83-0; H, 9-0. C,,H,,0 requires C, 83°2; 
H, 8-9%). 

2-8-Phenylethyleyclohexanol (III; R == H). The ketone (14.g.), dissolved 
in Et,0 (50 c.c.), was placed in a flask connected with a condenser, and Na 
(14 g.,in very thin slices) gradually added. The mixture was then stirred 
mechanically, and H,O slowly added from a dropping funnel, further Et,O 
being added if necessary. When all the Na had dissolved (ca. 4 hrs.) the 
ethereal solution was separated, washed (H,O) until no longer alkaline, dried 
(anhydrous K,CO;), and the Et,0 evaporated. On distilling the. residue 
under reduced press., a colourless viscous oil (11 g.) was collected, b. p. 158— 
160°/6 mm. (Found: ©, 82-6; H, 9-8. C,,H,.O requires C, 82-4; H, 9-8%). 
It did not solidify when cooled to —-10° in a freezing mixture. The phenyl- 
urethane, prep. in the usual way, crystallised from MeOH or light petroleum 
(b. p. 80—90°) in stellate clusters of minute prisms, m. p. 115—116° (Found : 
N, 4-5. C,,H,,0,N requires N, 4-3%). 

1:2:3:4:9: 10:11: 12-Octahydrophenanthrene (IV; R =H). (i) From 
2-B-phenylethylcyclohexanol. The alcohol (5 g.) was heated with P,O, (10 g.) 
for 20 mins. under 6 mm. in a metal-bath to 135—140°. The temp. was then 
gradually raised to 160—170° and a fraction (4-5 g.) distilled over. This was 
dried end purified by distillation over Na. It had b. p. 135°/9 mm., 
dF 0-997325, n?” 1-548575 (Found: ©, 90-5; H, 9-4. Cale. for C,,Hy,: 
C, 90-3; H, 9-7%). It is stable to KMnO, and does not decolorise Br in 
CHCI,. 
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(ii) From diketo-octahydrophenanthrene. The diketo-compound (10 g.; 
Rabe, loc. cit.) was reduced by boiling with conc. HCl (150 c.c.) and amal- 
gamated Zn (100 g.), gaseous HCl being passed into the mixture towards the 
end of the process. When the greater part of the Zn had dissolved, the liquid 
was cooled and extracted with Et,0. The crude octahydrophenanthrene 
was repeatedly distilled over Na, giving a mobile oil (3 g.), b. p. 130°/7 mm., 
di?" 0-9990, n¥” 1-54940. 

Phenanthrene. The octahydrophenanthrene (46 g.) was heated with 
powdered Se (10 g.) at 300—320° for 20 hrs., then cooled and thoroughly 
extracted with Et,0; the residue of crude phenanthrene (2 g.) was converted 
into its picrate, long yellow needles, m. p. 145° (Found: C, 59:3; H, 31. 
Cale. : C, 59-0; H, 3-0%) after repeated crystn. from EtOH. The regenerated 
phenanthrene had m. p. 100° (Found: ©, 94:5; H, 5-4. Cale.: C, 94-4; 
H, 56%). The identities of phenanthrene and its picrate were confirmed 
by mixed m. p.’s with an authentic specimen (Merck) and its picrate. 

Ethyl 2-8-phenylethyleyclohexanol-2-carboxylate. The keto-ester (I; R = H) 
(10 g.) was dissolved in EtOH and mixed with H,O until a faint turbidity 
was produced; the solution was then treated, in a porcelain beaker fitted 
with a mechanical stirrer, with 6 times the theo. quantity of 3% Na amalgam, 
a rapid stream of CO, being passed during the operation. The product was 
separated from NaHCO, by extraction with Et,O and obtained as a light brown 
oil (8 g.). This was again reduced exactly as before. Ethyl 2-B-phenylethyl- 
cyclohexanol-2-carboxylate was collected as a thick colourless oil, b. p. 182— 
183°/3 mm. (Found : C, 73-3; H, 8-3. C,,;H,4O, requires C, 73-9; H, 8-7%). 
The dehydration of the hydroxy-ester with P,O, was carried out as usual, 
giving an oil, b. p. 145—147°/4 mm. This was directly treated with Se as 
described above, and the product identified as phenanthrene (m. p. 100°; 
picrate, m. p. 144°). 

B. Synthesis of 2-Methylphenanthrene.—Ethyl 2-B-phenylethyl-4-methylcyclo- 
hexanone-2-carboxylate (I; R. = Me). This was prepared exactly as described 
on p. 2523 [K, 5-8 g.; ethyl 4-methyleyclohexanone-2-carboxylate (Kétz and 
Michels, Annalen, 1906, 348, 95), 27 g.; B-phenylethyl bromide, 30 g.]. The 
keto-ester (20 g.) boiled at 175—178°/3 mm. (Found : C, 75-3; H, 8-4. CysH2s 
requires C, 75-0; H, 8-3%). 

2-B-Phenylethyl-4-methylcyclohexanone (II; R = Me). The ketone obtained 
on hydrolysis of the keto-ester, when purified in the usual way, boiled at 
145—147°/3 mm. (Found: C, 83-7; H, 9-5. ©,s;H oO requires C, 83:3; 
H, 92%). The semicarbazone separated from EtOH in small prisms, m. p. 
187° (decomp.) (Found: N, 15-2. C,,H,,ON, requires N, 15-4%). 

2-B-Phenylethyl-4-methyleyclohexanol (III; R = Me), prep. as described 
above, was obtained as a colourless, thick oil, b. p. 157—160°/6 mm. (Found : 
C, 82:1; H, 10-0. ©,,H,,0 requires C, 82-6; H, 10-1%). 

2-Methyl-1:2:3:4:9:10:11:12-octahydrophenanthrene (IV; R = Me) 
formed a colourless liquid, b. p. 137°/6 mm. (Found: C, 89:4; H, 10-1. C,sH2 
requires C, 90-0; H, 10-0%). 

2-Methylphenanthrene. The crude hydrocarbon obtained on heating the 
foregoing compound with Se was converted into the picrate; small yellow 
needles, m. p. 117—118° (Found: C, 59-7; H, 3-9. Cale.: ©, 59-9; H, 
36%), from EtOH. 2-Methylphenanthrene, regenerated from the pure 
picrate, separated from MeOH in colourless plates, m. p. 54—55° (Found : 
C, 94:0; H, 6-3. Cale. : C, 93-7; H, 6-2%). Haworth (loc. cit.) gives m. P- 
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118—119° and 55—56° respectively, and Klinckhard (loc. cit.) gives m. p. 
52—53° for the hydrocarbon. 

C. Synthesis of 1: 4-Dimethylphenanthrene.—2 : 5-Dimethylbenzyl chloride. 
A mixture of p-xylene (200 g.), freshly fused powdered ZnCl, (40 g.) and CH,O 
(45 g. of 40%) was stirred mechanically in a flask fitted with an inlet for dry 
HCl, an efficient stirrer passing through a mercury seal, and an outlet tube 
connected with a reflux condenser. A rapid current of HCl was passed through 
the reaction mixture, which was kept at 60° during the whole time. The gas 
was rapidly absorbed and in } hr, the reaction was complete. The product 
was poured into H,O, the xylene layer separated, washed successively with 
H,0, dil. NaOH aq., and H,O, dried, and fractionated, the portion of b. p. 
110—130°/25 mm. being collected (yield; 60 g.). On redistn. practically the 
whole of the 2: 5-dimethylbenzyl chloride boiled at 85—86°/7 mm. (Found : 
Cl, 22-4. C,H,,Cl requires Cl, 22:9%). p-Xylene (140 g.) was recovered, 
and a residue, evidently of higher chlorinated products, was not further 
examined. 

2: 5-Dimethylbenzyl cyanide. KCN (32 g.) and H,O (22 c.c.) were placed 
in a flask connected with a reflux condenser and a solution of the above chloride 
(60 g.) in EtOH (76 c.c.) was slowly added from a dropping funnel. The 
mixture was finally heated on the steam-bath for 4 hrs. The EtOH was 
then distilled off, the residue diluted with H,O, and the cyanide extracted 
by ether, dried, and distilled; b. p. 115—119°/6 mm. (yield, 40 g.) (Found : 
N, 9-9. CC, 9H,,N requires N, 9-6%). 

Ethyl 2 : 5-dimethylphenylacetate was prepared by boiling a mixture of the 
foregoing cyanide (58 g.), abs. EtOH (96 c.c.), and conc. H,SO, (42 c.c.) on 
an oil-bath at 130° for 5 hrs. The ester had b. p. 114°/4 mm. (Found: C, 
75-1; H, 8-6. C,,H,,0, requires C, 75-0; H, 83%). 

B-2 : 5-Dimethylphenylethyl alcohol. A solution of the ester (22-5 g.) in 
abs. EtOH (150 c.c., distilled over Ca) was reduced with Na (35 g.) in the 
apparatus described by Rupe and Langer (Helv. Chim. Acta, 1920, 3, 272), 
more EtOH (100 c.c.) being added from time to time to dissolve the last 
traces of Na. H,O was then added cautiously and the whole heated to boiling 
for 15 mins. EtOH was distilled off, and the alk. layer extracted with Et,0. 
B-2 : 5-Dimethylphenylethyl alcohol formed a colourless, viscous oil, b. p. 110— 
113°/5 mm. (Found: ©, 80-1; H, 9-4. C,,H,,O0 requires C, 80-0; H, 9-3%). 

8-2 : 5-Dimethylphenylethyl bromide. The alcohol (10 g.) was heated in a 
sealed tube with 30% HBr in glac. AcOH (80 c.c.) at 100° for 16 hrs. The 
cooled liquid was poured into H,O, and the bromide extracted by ether and 
purified as usual; b. p. 104—106°/5 mm. (yield, 12 g.) (Found: Br, 37-0. 
C,,H,,Br requires Br, 37:-5%). 

Ethyl 2-(B-2’ : 5’ -dimethylphenylethyl)cyclohexanone-2-carboxylate (VI; 
R = Me, R’=H). The keto-ester was prepared exactly as described on 
p. 2523 (K, 4-9 g.; ethyl cyclohexanone-2-carboxylate, 21-2 g.; bromide, 
285 g.). The keto-ester formed a colourless oil, b. p. 192—194°/4 mm. (yield, 
125 g.) (Found: C, 75-3; H, 8-2. C,H,,0, requires C, 75-5; H, 86%). 

Ethyl 2 -(B - 2’ : 5 - dimethylphenylethyl)cyclohexanol - 2 - carboxylate (VII; 
R = Me, R’ =H). The above keto-ester was twice reduced with Na amalgam 
in the usual manner. The hydroxy-ester was obtained as a viscous oil, b. p. 
ymentlig mm. (Found: ©, 75:3; H, 91. CO ,H,,0, requires OC, 75:0; 

» 92%). 


1: 4-Dimethylphenanthrene. Ethyl dimethyloctahydrophenanthrenecarb- 
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oxylate (VIII; R = Me, R’ = H) was readily obtained when this hydroxy- 

ester (5 g.) was heated with P,O, in the usual way. The crude distillate 
(2 g.), b. p. 170—174°/4 mm., was heated with Se (6 g.) at 300—320° for 20 
hrs. The product, isolated in the usual way, was converted into picrate, 
which separated from EtOH, in which it is difficultly sol., in small orange 
needles, m. p. 155° (Found: C, 60-6; H, 3-9. C,,H,,0,N, requires C, 60-7; 
H, 40%). 

1 : 4-Dimethylphenanthrene, regenerated from the picrate, crystallised from 
methyl aleohol in long needles, m. p. 77° (Found: C, 92-9; H, 6-5. C,,H,, 
requires C, 93-2; H, 6-8%). 

D. Synthesis of 1:7-Dimethylphenanthrene (Pimanthrene).—Ethyl 2-(B-o- 
tolylethyl)-4-methylcyclohexanone-2-carboxrylate (VI; R = H, R’ = Me). Shoe- 
smith and Connor (J., 1927, 1770) prepared 8-o-tolylethyl alcohol from o- 
bromotoluene by Grignard’s method (Compt. rend., 1905, 141, 44), but the 
following procedure is more convenient for preparing large quantities. o- 
Xylene was converted by known methods (Atkinson and Thorpe, J., 1907, 
91, 1695) into ethyl o-tolylacetate, and the latter reduced by Bouveault’s 
method to give B-o-tolylethyl alcohol (yield, 50%), b. p. 105—108°/5 mm. A 
large amount of o-tolylacetic acid was recovered, which yielded more of 
the alcohol. Shoesmith and Connor were unable to prepare the bromide 
by using HBr, but we readily obtained it (b. p. 94—95°/2 mm.) by the method 
described on p. 2525. The condensation with ethyl 4-methylcyclohexanone-2- 
carboxylate was carried out in the usual manner (K, 3-4 g.; ester, 16-1 g.; 
bromide, 15 g.). Ethyl 2-(B-0-tolylethyl)-4-methyleyclohexanone-2-carborylate 
formed a thick, colourless liquid, b. p. 185—187°/2 mm. (yield, 10 g.) (Found : 
C, 75:2; H, 8-6. C,,H,,O, requires C, 75-5; H, 8-6%). 

Ethyl 2-(B-o-tolylethyl)-4-methyleyclohexanol-2-carboxylate (VII; R= H, 
R’ = Me), prepared by reducing the above keto-ester with Na-Hg, was 
collected as a viscous oil, b. p. 195—197°/2 mm. (Found: C, 74:7; H, 8-9. 
Cy9H,,0; requires C, 75-0; H, 9-2%). It (95 g.) was treated with P,O, (12 g.) 
according to the standard method (p. 2523), and the crude cyclisation product 
(2 g.), b. p. 175-—185°/2 mm., collected. 

1 : 7-Dimethylphenanthrene. The foregoing product (2 g.) was heated with 
excess of Se at 280—300° for 8 hrs. and then at 335—340° for a further 12 
hrs. 1:7-Dimethylphenanthrene partly sublimed in the flask and was 
purified by distillation over Na in a high vac.; it crystallised from EtOH in 
colourless plates (Found: C, 93-1; H, 6-8. Cale.: C, 93-2; H, 68%). 
These had the appearance of phenanthrene and had m. p. 86°, unaltered when 
mixed with an equal amount of pimanthrene prep. from d-pimaric acid. 
Its identity was further established by preparing the picrate, long yellow 
needles, m. p. 131—132° (Found: C, 60-7; H, 3-9. Cale.: C, 60-7; H, 

4-0%), and the styphnate, fine yellow needles, m. p. 159° (Found: C, 58-4; 
H, 36. Cale.: C, 58-5; H, 38%), and by direct comparison with the cor- 
responding products obtained from pimanthrene. 


One of us (J. C, B.) desires to thank the University of Calcutta for a research 
grant with which a considerable portion of the expenses incurred in this 
research were met. 
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375. The Green Salt of Magnus, and Some 
Related Compounds. 


By E. Gorpon Cox, Frepgric W. Prinkarp, WILLIAM 
WARDLAW, and GraHam H. PREsTON. 


So long ago as 1828 Magnus (Pogg. Ann., 1828, 14, 204) by the 
action of ammonia on platinous chloride, obtained a compound 
which is still known as Magnus’s green salt. It has the empirical 
formula PtCl,,2NH,;, but from its mode of preparation and its 
chemical reactions it is considered to be the complex salt 
[Pt,4NH,][PtCl,]. During a reinvestigation of this substance, Jér- 
gensen and Sérensen (Z. anorg. Chem., 1906, 48, 441) noticed that 
under experimental conditions which should have yielded the green 
salt, they obtained instead a pink compound, which crystallised in 
scaly plates and could be changed quite easily into the green salt 
merely by keeping it in contact with hot water. It was established 
that the pink compound could be obtained by several methods, 
each of which, under slightly different experimental conditions, 
would yield the green salt. As analytical data showed that the 
two substances had the same empirical formula, those authors 
suggested that possibly the pink substance was the true complex 
salt [Pt,4NH,][PtCl,], whilst the green salt was a polymeric modific- 
ation. This explanation apparently did not commend itself to 
Werner, for in the last chapter of his ‘“‘ New Ideas in Inorganic 
Chemistry’ he classifies these observations as. “‘ unexplained 
isomeric phenomena.” In the present investigation the structure 
of the green salt has been elucidated by X-ray methods and some 
new results have been obtained bearing on the nature of the pink 
salt and its relation to the green. 

The physical properties of the two salts had not been investigated 
previously with any degree of completeness. Both are described 
as crystallising in the tetragonal system, apparently without adequate 
justification. Recently, Hertel and Schneider (Z. anorg. Chem., 
1931, 202, 77) have made an X-ray examination of the two forms 
by the powder method, and conclude that they are tetragonal with 
almost identical lattices. The more detailed investigation now 
reported shows that their interpretation of the X-ray photographs 
is incorrect. 

Crystallography and Structure of the Green Salt.—This salt forms 
small elongated rectangular crystals which show straight extinction, 
high refringence, and strong dichroism. Crystals can sometimes 
be obtained large enough to be observed endwise; these all have 
& Square cross-section and show a uniform interference colour at 
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all positions between crossed Nicols. Some also are large enough 
to show a uniaxial cross in convergent light, which, however, is 
not sufficiently well defined to enable a determination of optic 
sign to be made or to exclude with absolute certainty the possibility 
of its being a biaxial figure of very small optic axial angle. These 
results indicate that the crystals are probably tetragonal combin- 
ations of {100} and {001}; this is confirmed by the X-ray examin- 
ation. From the fact that the crystals do not extinguish between 
crossed Nicols when viewed along the c-axis, it is concluded that 
they are optically active. (The alternative explanation would be 
that they are lamellar twins of lower symmetry, but there is nothing 
whatever to suggest this in the appearance of the crystals.) The 
crystals are too small to enable quantitative observations to be 
made on the rotation, or to observe its effect on the interference 
figure in convergent light. The refractive indices are too high 
(>1-75) to be measured by the immersion method, but the relief 
shown in methylene iodide indicates that < is greater than. The 
extraordinary ray is strongly absorbed, and gives the crystals the 
dark green colour, while the absorption of the ordinary ray is much 
less, so small crystals appear almost colourless when viewed through 
(001). Crystals are sometimes observed which have apparently 
commenced to redissolve after formation, with the result that the 
ends are tapered. In no case have such crystals been observed 
to show symmetrical tapering at both ends; frequently one end 
is considerably eroded while the other is unaffected. This indicates 
that the c-axis is polar, so that, the optical activity being taken 
into account, the crystals presumably belong to the C, class (tetra- 
gonal polar). 

An X-ray examination has been made by the single-crystal and 
the powder method. It is difficult to obtain satisfactory Laue 
photographs of the crystals, but the rotation photographs show 
that they are tetragonal, in agreement with the microscopic examin- 
ation. From rotation photographs, the cell dimensions are found 
to be a = 6-29, c = 6-42 A.U., both + 0-02 A.U., so that with one 
molecule of {[Pt,4NH,][PtCl,] in the unit cell, the calculated density 
is 3-90 g./c.c. (Found: 3-3—4-1). If, as suggested above, the crystal 
class is pyramidal, the space-group is C! (P4). The fact that there 
is only one molecule in the cell disposes at once of any idea of 
polymerisation in the ordinary sense. 

The main lines of the structure are immediately suggested by 
the nature of the c-axis rotation photograph. The first and third 
layer lines are almost entirely missing, showing that along the 
c-axis almost identical scattering units alternate at intervals of 
c/2. These groups are clearly [PtCl,] and [Pt,4NH,] ions, which 
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have similar scattering powers and are known from previous work 
(Dickinson, J. Amer. Chem. Soc., 1922, 44, 2404; Cox, this vol., 
p. 1912) to have the same configuration. A platinum atom in the 
anion being placed at (000) in the unit cell, the platinum atom in 
the kation is at the point (003). It now remains to establish the 
position of the four chlorines and the four ammonias. 

Since there is no reason to suppose that the two complex ions 
differ in any way from those in K,PtCl, and Pt(NH,),Cl,, it might 
be assumed that they have the same configuration (i.e., planar) 
in this case as in the substances mentioned. That this is actually 
the case is shown by the following considerations. The intensities 
of the even orders of (001) fall off regularly with increasing glancing 
angle, while the odd orders, as far as can be observed (up to the 
7th), are absent. In addition, the (002) reflexion is stronger than 
any other observed. These results indicate that practically all 
the scattering matter in the cell is concentrated in the (002) planes. 
For example, a simple calculation shows that if the chlorines and 
ammonias were displaced out of the (002) plane by 0-5 A.U., the 
(005) reflexion would be nearly as strong as the (006). Thus the 
displacement, if any, must be considerably less than this, and in 
the absence of quantitative intensity measurements it can be said 
that all the atoms lie in the (002) planes. Since the ions must have 
tetragonal symmetry, it follows that they must have the same 
configuration as in previous cases; the platinum atom is at the 
centre of a square formed by four chlorine atoms or four ammonia 
groups. 

Four quantities now suffice to determine the structure completely 
(except for the position of hydrogen atoms). These are the distances 
Pt-Cl and Pt-NHg, and the angles which the directions of these 
bonds make with the a-axis. These can only be determined 
accurately by precise intensity measurements which would be 
difficult to make with such small and highly absorbing crystals, 
but by assuming the first two, and making use of the principle 
that the co-ordination number (in the crystallographic sense) of 
each atom or group will tend to be as high as possible, giving an 
arrangement of minimum potential energy, the two angles can 
be calculated and a structure found. The essential correctness of 
the result is shown by the complete qualitative agreement between 
experimental and calculated intensities. 

Since the two ions have the same configurations as in K,PtCl, 
and Pt(NH,),Cl,, it will be assumed that the distances Pt—Cl and 
Pt-NH, remain the same. These distances are 2-32 and 2-62 A.U. 
respectively (Dickinson ; Cox, locc. cit.). Now the most symmetrical 
structure possible is that shown in Fig. 1, which gives a projection 
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of the unit cell on (001). [The Pt(NH,), groups are at a depth 
c/2 below the PtCl, groups.] Although the most symmetrical, 
this is evidently not the most stable structure, since each Cl atom 
(or NH, group) is surrounded by only four of the other kind, and 
is in contact with one of the same kind. If, however, the ions are 
rotated about the c-axis through a suitable angle, the arrangement 
is such that each atom or group is surrounded at almost equal 
distances by six of the other kind. This angle, with the assumed 
interatomic distances, is 30°, and the resulting structure is shown 
in Fig. 2. That this structure is correct in essentials is shown by 
Table 1, which gives the observed qualitative intensities, J, for 
the more important planes in the c-zone, together with those cal- 
culated (in arbitrary units) from the atomic positions of Fig. 2, 





using the atomic scattering factors given by James and Brindley 
(Z. Krist., 1931, 78, 470). It will be seen that the agreement is 
quite satisfactory. 


Taste I. 
hkl. I (obs.). I (cale.). hkl. I (obs.). I (cale.). 
110 strong 12 300 strong 11 
200 moderate 9 310 very strong 22 
210 very strong 19 400 moderate 6 


220 very strong 18 


The structure also agrees with the low symmetry deduced from 
the microscopic observations; the arrangement of the ions to 
give the required stability destroys the vertical planes of symmetry, 
while if the NH, groups are not rotating there can be no horizontal 
plane, so that only the four-fold axis remains. The fact that the 
results for Pt(NH,),Cl, (Cox, loc. cit.) require the NH, groups to 
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be rotating, whereas in the present case apparently they are not, 
may probably be explained in the following way. In the tetram- 
mine each NH, is surrounded symmetrically by four Cl ions in a 
plane perpendicular to the Pt-NH, bond, so that the field of force 
around it may be almost radially symmetrical, whereas in the case 
under consideration the NH, is surrounded by six only approximately 
equidistant Cl atoms which themselves cannot have the practically 
spherical symmetry of the Cl ions in the tetrammine, Thus we 
can readily imagine that in the tetrammine the potential energy 
of the NH, group is nearly independent of its angular position, so 
that rotation is possible, whereas in the plato-salt there are fairly 
well-defined minima in the energy values and the group is confined 
to the angular positions corresponding to these minima. It is to 
be expected that at a sufficiently high temperature the oscillations 
of the group about the stable position will pass into complete 
rotation. This should be accompanied by loss of polarity and 
optical activity. In this connexion it may be pointed out that 
in cases where group-rotation can occur, caution may be necessary 
in using the liquid-air test for pyroelectricity (Martin, Phil. Mag., 
1931, 22, 519), since it is conceivable that a substance which is 
non-polar under normal conditions may become polar before liquid- 
air temperature is reached owing to the transition of the groups 
from rotational to non-rotational states. 

The insolubility and unusual colour of the green salt have been 
ascribed to polymerisation; although this is not the explanation, 
there is a possibility that the lattice is not a simple ionic one like 
that of, e.g., K,PtCl,, but has a very slight tendency to the layer 
(e.g., CdI,) type. The fact that the green colour is shown chiefly 
by the extraordinary ray (vibrating parallel to the symmetry axis) 
indicates that it is due, not to any peculiarity in the structure of 
the ions themselves, but rather to the manner in which they are 
linked together and to their distorting effect on each other in the 
direction of the c-axis. Now, if the possibility of four coplanar 
nitrogen valencies is excluded, the three hydrogens on each nitrogen 
cannot be distributed symmetrically with respect to the six sur- 
rounding chlorine atoms, and therefore a given kation cannot be 
related quite equally to the anions on either side of it. The effect 
of this is probably manifested principally in the unsymmetrical 
deformation of the chlorine atoms; it is insufficient to cause any 
displacement of the ions bodily with respect to each other. Al- 
though the positions of the hydrogen atoms are evidently of con- 
siderable importance in this connexion, any attempt to establish 
them must be purely speculative, since the X-ray method gives 
no information on the matter. 
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Apart from the satisfactory agreement between observed and 
ealculated X-ray intensities, a further check on the correctness of 
the structure is afforded by the calculation of the distances between 
the Cl atoms and the NH, groups. In the present structure each 
NH, group is at a distance of 3-74 A.U. from four chlorines, and 
3°68 A.U. from two. On the basis of previous results (for K,PtCl, 
and [Pt,4NH,]Cl,) the distance should be 3-55 A.U. It is not to 
be expected that the agreement should be exact, on account of the 
deformability of the Cl atoms; the difference in colour between 
the chloroplatinite and the plato-salt indicates that the deformation 
of the anion is not the same in the two cases. 

The structure now proposed may be described briefly by means 
of the cell dimensions and atomic co-ordinates as follows. Cell 
dimensions: a= 6-29, c=6-42 A.U.; atomic co-ordinates: 
Pt, (0, 0,0) and (0, 0, 4); Cl, + (u,v, 0) and + (v, — u, 0); NH,, 
+ (p, q, 4) and + (g, — p, 4). The values of the parameters are 
u=018, v=0-32, p=0-40, and g=0-1l. Apparently no 
structure of this type has been described previously. 

The palladium analogue of the green salt of Magnus, the pink 
[Pd,4NH,}[PdCl,] (cf. Drew, Pinkard, Preston, and Wardlaw, 
this vol., p. 1895), has also been examined. The crystals are 
much smaller than those of the salt of Magnus, but are very similar 
in appearance. X-Ray powder photographs of the two are almost 
identical, in both the position of the lines and their relative intensities. 
It is therefore highly probable that the palladium compound has 
the same structure as the salt of Magnus. This result is in complete 
agreement with the conclusion from the chemical evidence that 
this substance is a tetrammine plato-salt and not a diammine. 

Crystallographic and X-Ray Examination of the Pink Salt of 
Magnus.—The pink salt is never obtained quite free from the green. 
It is precipitated sometimes as an extremely fine powder, and 
sometimes in very thin square plates, irrespective of the method 
of preparation. With one exception, the crystals were indis- 
tinguishable by microscopic and X-ray examination from the 
triammine plato-salt [Pt,3NH,,Cl],[PtCl,] (Cleve’s salt), which has 
the same empirical formula as the salt of Magnus. This substance 
forms thin pink tetragonal plates, showing a positive uniaxial 

figure in convergent light. X-Ray rotation photographs showed 
the length of the c-axis to be 8 A.U. approx. 

In the one exceptional case, the salt, which was obtained by the 
action of hydrochloric acid on the green salt, formed pink plates, 
which in ordinary light were almost indistinguishable from the 
triammine plato-salt, but in polarised light showed straight extinc- 
tion and gave no interference figure. The crystals showed a further 
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difference in that they left a distinct green trace on rubbing. An 
X-ray examination by the single-crystal rotation method showed 
the substance to be orthorhombic with cell dimensions a = 7:9, 
b= 8-2, c= 7-9 A.U. (c-axis normal to the plates). With two 
molecules of [Pt,4NH,][PtCl,] to the unit cell, the calculated density 
is 3-9 g./c.c., t.e., the same as the green salt. One, two, or more 
molecules of [Pt,3NH,,Cl},[PtCl,] would give impossible densities. 
This substance is therefore the true pink salt of Magnus. That it 
is, however, very closely related to the triammine plato-salt is 
shown by the extremely close similarity between their X-ray photo- 
graphs. The c-axes of the two are equal, and the a-axis of the 
triammine salt is probably 3 or 3/*/2 times that of the tetrammine 
salt. 

Thus the supposed pink isomeride of the green salt of Magnus 
is usually Cleve’s salt, and the true pink isomeride (or polymeride) 
is only occasionally formed, under experimental conditions which 
are not yet fully understood. (The very fine pink powder which 
is sometimes precipitated may be either substance, since the two 
X-ray powder photographs are too nearly the same to enable a 
certain distinction to be made.) The triammine plato-salt formed 
in this way is probably not perfectly pure, since it differs from the 
pure substance obtained by the usual method (Tschugaev, J., 1915, 
107, 1247) in its solubility and stability. The pure salt can be 
recrystallised without much difficulty from water, whereas that 
from Magnus’s salt is less soluble and usually changes to the green 
on boiling. This suggests that it contains, probably in solid solution, 
a small amount of green salt, and that on heating it becomes un- 
stable and is converted almost entirely into the green. This con- 
clusion is supported by the fact.that the colour of the pink salt 
is not absolutely constant from one specimen to another; it was 
further tested by mixing very intimately some authentic triammine 
plato-salt with a little green salt in a mortar, and then boiling 
them with water. It was found that the resulting solution, after 
filtration of undissolved green salt, deposited after a time an ap- 
preciable further quantity of green, the total amount being greater 
than had been used originally. Very little pink crystallised un- 
changed. It therefore seems that any apparent chemical differences 
between the triammine salts obtained by the two methods can be 
explained by the presence of green salt of Magnus in the one case. 
It should be noted that owing to its very high insolubility in water, 
the green Magnus salt must be in very close contact with the Cleve 
salt to make it unstable; the presence of the green salt as separate 
crystals is not sufficient. 

There is insufficient evidence at present regarding the structures 
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of the triammine plato-salt and the pink salt of Magnus to enable 
any useful speculation to be made regarding the relation of these 
substances to each other or to the green salt. The orthorhombic 
pink salt may be a dimeric form, although it is difficult to see how 
a comparatively simple ionic compound like the green salt of Magnus 
can polymerise and at the same time become more soluble. Its 
lower symmetry and instability suggest that the pink is possibly 
a form in which the ions have lost their planar configuration. If, 
as seems possible, the transformation from Cleve’s salt to Magnus’s 
salt takes place by the interchange of co-ordinated groups between 
anions and kations, the ions of the Magnus salt would temporarily 
have a non-planar configuration, and thus the pink salt may well 
be this unstable form intermediate between the other two. 

The results recorded above show that the deductions of Hertel 
and Schneider (loc. cit.) are almost entirely incorrect. They give 
the cell dimensions as a = 6-3, c = 5-15 A.U. for the green, and 
a = 6-3, c = 5-25 A.U. for the pink salt, which only agree with 
the present results in the value for the green a-axis. The densities 
from the above cell-dimensions are approx. 4-7 g./c.c., which is 
also definitely wrong. It is unfortunate that Hertel and Schneider 
do not give the values of their experimental densities or state how 
they were determined. These errors indicate the caution which 
is necessary in applying the powder method alone to any but the 
simplest structures. The powder photographs obtained in the 
present work agree with those of Hertel and Schneider, but they 
can, of course, be interpreted by means of the cell-dimensions 
obtained from the single-crystal photographs. 


EXPERIMENTAL. 

Tetramminoplatinous dichloride, [Pt,4NH,]Cl,, prep. from a- or £-diam- 
minoplatinous dichloride and NH, aq., formed colourless needles or prisms 
of the monohydrate. With aqueous K,PtCl, free from K,PtCl,, it gave 
generally the green salt of Magnus. 

To prepare the pink salt we used, at first, the elaborate method described 
by Jérgensen and Sérensen (loc. cit.), but later obtained better results by 4 
much simpler process. An aq. solution of [Pt,4NH,]Cl, was made, and to it 
0-25 of its vol. of NH, aq. (d 0-88) was added. On addition of a neutral soln, 
of pure K,PtOl,, the pink salt was deposited in good yield, with a small 
quantity of green. 

Whilst recrystallising green Magnus salt from HCl aq., it was found that 
by using certain concns. of acid and solute, a pink compound could be pre- 
pared, which on examination proved to be the same as that obtained by the 
other methods, About 0-2 g. of Magnus’s salt was added to 150 c.c, of HCl 
(ca, 2N). The mixture was heated until all the green salt had dissolved, and 
then filtered twice to remove any remaining traces of the green, and allowed 
to cool. The resulting crystals were chiefly pink, mixed with a little green. 
Determination of: Densities.—The densities could not be determined by the 
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specific gravity bottle owing to the small amount of material available. Both 
the pink and the green salt of Magnus and Cleve’s salt sink in CH,I, (d 3-3). 
An aq. soln. of Tl formate was made so that a crystal of celestine (d 3-96) 
just floated and one of barytes (d 4-48) sank in it, From the proportion of 
the celestine crystal submerged, the density of the solution was estimated 
to be not more than 4:1 g./c.c. Crystals of the green salt floated on this, 
so their density is definitely less than 4-1. The pink salt could not be tested 
in this way since it turned green when put into the solution which was neces- 
sarily hot to give the required density. From its rate of sedimentation in 
CH,I,, however, it appears to have approx. the same density as the green 
salt. 
Summary. 


(1) The conditions for the preparation of the green and the pink 
salt of Magnus have been reinvestigated. * 

(2) The crystalline structure of the former has been determined 
by X-ray investigation. It is shown not to be a polymerised 
substance. The ions [PtCl,] and [Pt,4NH,] have the same form 
as in K,PtCl, and. [Pt,4NH,]Cl,, except that the ammonia groups 
in the kation are not rotating. 

(3) An orthorhombic pink salt of Magnus has been found to 
exist, but the pink salt commonly obtained is actually Cleve’s 
salt, [Pt,3NH,,Cl],[PtCl,]. Both the true pink salt of Magnus 
and Cleve’s salt are convertible into the green salt. 
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376. The Crystalline Structure of a-Methylayloside. 
By E. Gorpon Cox. 





In a previous communication (this vol., p. 138) it was shown that 
aclose relation exists between the crystal lattices of 8-methylxyloside 
and «a-xylose; it has now been found that there is a similar and 
even closer relation between the lattices of «-methylxyloside and 
a-xylose. The molecular arrangement in crystalline «-methy]l- 
xyloside has been determined with some degree of certainty, and 
further progress has been made toward the exact determination 
of the form of the pyranose sugar-ring. 

A crystallographic investigation of «-methylxyloside was made 
by Reuter (Z. Krist., 1901, 35, 388) who described it as monoclinic 
sphenoidal with axial ratios a:b :¢ =-1-277:1:0-802; 6 = 111° 
46’, the crystals being combinations of a{100}, c{001}, q{021}, and 
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o{111} elongated in the direction of the b-axis. The optical pro- 
perties are given in Table II. The crystals used in the present 
investigation were obtained from a pure specimen available in 
this laboratory by recrystallisation from ethyl acetate; they were 
easily distinguishable from crystals of the $-isomeride, and cor- 
responded with those described by Reuter, except that the form 
m{101} was usually equally developed with a and c. On account 
of the high solubility of the substance, and the consequent syrupy 
nature of the mother-liquor, it was not possible to obtain crystals 
with faces sufficiently good for accurate goniometric work, so 
Reuter’s measurements could only be confirmed approximately. 
An X-ray examination was carried out by the rotation method, 
_using filtered copper K, radiation. The dimensions of the unit 
cell were found to be a = 1]-28, b = 6-72, c = 11-02 A.U. + 4%, 
while the length of the [101] axis was determined as 12-44 AU,, 
from which @= 112° 12’. The axial ratios are a:b:¢= 
1-678 : 1 : 1-639, which apparently bear no resemblance to those 
of Reuter; if, however, the faces g and o are indexed (011) and 
(342) respectively, his values become 1-703: 1 : 1-604, which are 
in as good agreement with the X-ray results as can be expected 
from crystals having such imperfect faces. (Reuter’s material 
was crystallised from ethyl acetate, and the agreement between 
his observed and calculated angles is not good.) With four mole- 
cules to the unit cell, the calculated density is 1-40 g./c.c., while the 
value obtained by the flotation method is 1-41. From two series 
of oscillation photographs it was found that the only absent re- 
flexions were (0k0) for k odd. The space-group is consequently 
CZ (P2,). Since the only symmetry element in this space-group 
is a two-fold screw axis, two chemical molecules are associated to 
form the asymmetric crystal unit. In Table I the intensities 
(estimated by eye from the oscillation photographs, in arbitrary 
units) of the X-ray reflexions from some of the more important 
lattice planes are given. 


TABLE I. 

hkl. =. Aki.’ I. Ye 6 mee 2 hkl. =I 

001 50 008 24 600 5 404 10 202 =—80 
002 «60 009 2 700 <<} 111 100 3038s 4 
003 ~=—«60 020 60 800 24 223 50 40i 16 
004 4 040 «8620 900 <4 333 «50 505 5 
005 <} 060 7 101 2 444 5 606 4 
006 =<} 100 =—_.20 202 25 655 = 12 707 5 
007. <<} 500 = 30 303 35 101 8 808 l 


As in the case of 8-methylxyloside, the a and c axes are nearly 
equal, so that a pseudo-orthorhombic cell can be derived by means 
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of the transformations x = [101], y = }[{101], z= 6. The result 
is shown below side by side with the corresponding values for 
a-xylose and $-methylxyloside. 


a-Xylose. a-Xyloside. B-Xyloside. 


e. 12-64 12-44 13-0 
y. 9-20 9:26 8-6 
Zz. 5-60 6-72 6-89 


The relation between these sets of figures is so close that it cannot 
be doubted that the three substances have essentially the same 
molecular orientation with respect to the axes, the difference 
between xylose itself and the xylosides being just the amount to 
be expected on the addition of the CH, group. Further proof of 
the similarity of structure is afforded by the optical properties of 
the methylxylosides (Table II). 


TaBxE II. 
a-Xyloside. B-Xyloside. 
Mean refractive index .........sseceeses 1-52 1-52 
EEO GI occ 00 coc ccetdsnce sepouveraye — — 
ee SS a ae 56° app. 60° 
Plano of optic AXEB 22.22... .0.ceccecere (010) (010 
Direction of acute bisectrix ......... app. perp. to (101) app. perp. to (101) 


Finally the approximate intensities of the X-ray reflexions from 
the orders of (010), i.e., the z-plane, may be compared : 


PIAMO 000 000000004 000 000 005 000 fev 040. 060. 
GAT FOUR. ok voccccclgsscoveodeos aan 60 20 7 
BS GIOGS 000 sociescdeagereisc ost 60 14 5 


This close and sustained agreement between the properties of 
the two methylxylosides leads inevitably to the conclusion that 
their structures differ only in minor details, such as would arise 
from changing the methoxyl group from one side of the ring to 
the other without altering the general molecular arrangement. 
In both cases the molecules must be arranged in the monoclinic 
cell with the planes of the rings parallel to (101) (the y-plane of the 
pseudo-orthorhombic cell), and oriented with respect to the other 
two axes somewhat as shown in Fig. 1. (In this and the succeeding 
figures the oxygen atoms are shaded and the hydrogens omitted.) 
The same applies to «-xylose except that, since the methyl group 
is replaced by hydrogen, the z-axis is about 1-2 A.U. shorter. It 
may be noted that this interpretation makes the acute bisectrix 
in the two xylosides approximately perpendicular to the plane 
of the molecules, as might be expected, but actually too much 
weight should not be attached to this, since the birefringence is 
small (ca. 0-02), and no such correlation between optical properties 
and structure has so far been established for any other pyranose 


carbohydrates. 
4N 
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Since there is no doubt as to the reality of this connexion between 
the molecular dimensions in certain directions and the values on 
p. 2537, the differences between the figures for the three substances 
assume considerable significance. In the first place, it is clear 
that the difference between the results for the free sugar and those 
for the xylosides, which is so readily explained by the replacement 
of H by CHs, could have no simple explanation if the ring-structure 
in the sugar differed from that in its derivatives. Although there 
is no reason for supposing that the simple pentoses have a different 
ring-form from the methylpentosides, the actual chemical proof 
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of structure usually applies strictly to the latter, and only by 
inference to the free sugars. It is therefore satisfactory that the 
crystallographic evidence leads to the same conclusion as the 
chemical. The fact that the ring-structure is of the pyranose 
type may be regarded as established beyond dispute, and will be 
assumed in the following discussion; it is highly improbable that 
the very good agreement which is thereby obtained could occur 
if this assumption were incorrect. 

Of the two xylosides, the dimensions for the «-form, as would 
be expected, are the more nearly related to those for «-xylose. The 
8-methylxyloside molecule is longer and thinner than that of the 
«-isomeride. This makes the possibility of an entirely flat pyranose 
ring remote, since with such a configuration, the valency directions 
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on each carbon atom would be symmetrical about the plane of the 
ring, and the reducing group would have precisely the same position 
with respect to it whether in an «- or a $-position. On the other 
hand, the difference between the dimensions of the two forms is 
insufficient to admit of a strainless trans-ring, since in this case 
one of the valencies of the first carbon atom is normal to the mean 
plane of the ring, while the other is almost parallel to it; thus the 
lengths of the «- and $-molecules should differ by about 1 A.U. 
(Fig. 2) instead of the observed 0-2 A.U. [The results for «-methy]- 
mannopyranoside (Cox and Goodwin, this vol., p. 1844) are also 
unfavourable to the trans-strainless ring; the “‘ thickness ” of the 





molecule of this substance is 4-62 A.U., whereas with a trans-ring 
it should be at least 5 A.U.] 

If, however, the pyranose ring consists of five carbon atoms in 
aplane with the oxygen atom displaced out of it, then the extracyclic 
valency angles of the two carbon atoms adjacent to the oxygen 
are no longer bisected by the plane of the ring; the «- and the 
$form differ as shown in Fig. 3, one being shorter and thicker 
than the other by about the amounts required if the oxygen valency 
is assumed to be in the neighbourhood of 110°. Since it is the 
longer, it appears that the 8-form is the one in which the reducing 
group is nearer the ring oxygen atom, but this may not apply to 
other sugars. 

A similar result can be obtained with a cis (“ boat-shaped ”’) 
strainless ring, but since, as will be seen later, the plane ring gives 
4 very satisfactory agreement in the matter of X-ray reflexion 
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intensities, it will not be discussed in detail, although at this stage 
it cannot be excluded definitely as the totally planar and trans. 
forms apparently can. 

The value of accurate atomic models in discussions such as the 
preceding should need no emphasis; the full significance of the 
conventional projection formule, and the differences which arise 
from the adoption of the various forms of the pyranose ring, cannot 
be satisfactorily understood without their use. This point has 
been urged before (e.g., Haworth, ‘‘ Constitution of the Sugars,” 
p- 1), but is apparently not yet sufficiently appreciated. 





Fic. 3. 


The determination of the exact molecular arrangement in «- 
methylxyloside is somewhat complicated by the fact that two 
molecules are associated in the asymmetric crystal unit, so that 
symmetry considerations alone do not lead very far. However, the 
orientation of each molecule must be the same as that shown in 
Fig. 1, or differ from it only by a rotation of 180° about one of the 
pseudo-orthorhombic axes, so that the problem resolves itself 
largely into the determination of the relative positions of the centres 
of the molecules. Reference to Table I shows that the first- and 
third-order intensities of (101) are very weak, indicating a pseudo- 
two-fold screw axis perpendicular to that plane, while since the 
second-order reflexion is much stronger than the fourth, the mole- 
cules must lie in pairs in the (202) planes. Thus, denoting the 
four molecules by A, B, C, and D, A and B lie in the (101) plane, 
C and D in a parallel plane distant by approximately half the (101) 
spacing, while C is related to A, and D to B, by the pseudo-screw 
axis. Now the true two-fold screw axis (the b-axis) may relate C to 
B and D to A, or Cto Dand Bto A. It can be shown that in the 
latter case, the odd-order intensities of (111) should be relatively 
much weaker than the even-order, whereas if the former is the 
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correct arrangement, the intensities of {111} should fall off fairly 
smoothly with increasing glancing angle; the results given in 
Table I are clearly strongly in favour of this. Thus the molecular 
arrangement is as shown in Fig. 4, which represents a projection 
on (010), the figures indicating the depths of the molecules below 
this plane. It will be seen that there is also a pseudo-screw axis 
perpendicular to (101), but since its translation is equal to the 
spacing of this plane, no halving results. 
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It remains now to determine the molecular arrangement some- 
what more precisely. It will be assumed that the molecule contains 
& pyranose ring of five coplanar carbon atoms and an oxygen atom 
displaced about 0-8 A.U. out of their plane, the extracyclic valency 
angle of the carbon atoms being about 100°. The best agreement 
with the experimental results is then obtained by supposing that 
the molecule A is arranged with respect to the x and z axes as shown 
in Fig. 1, and that the molecule C is derived from it by a rotation 
of 180° in its own plane about the point Y, followed by a translation 
of 5-0 A.U. parallel to [101]. B is obtained from A by a rotation 
of 180° about xx’ plus a translation of 6-2 A.U. along it; the position 
of D is then fixed by symmetry considerations. This structure, 
which is shown in Fig. 5, gives good qualitative agreement with 
all the results of Table I. In the case of certain planes where 
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fewer parameters are involved the geometric structure factors 
(Ff) have been calculated from the observed intensities and also 
from the structure shown in Fig. 5. The results (in arbitrary 
units) are compared in Table III. Since an average atomic scatter- 
ing factor for carbon and oxygen was used in the calculations, 
this agreement may be regarded as very satisfactory. It seems 
fairly certain that the structure represented in Fig. 5 is at least a 
close approximation to the truth. 


ad 











\ ° (100) \ 
Fia. 5. 
TaBE III. 

hkl. I (exp.). F (exp.). F (cale.). hkl. I (exp.). F (exp.). F (cale.). 
020 60 8-0 8:3 202 25 5-5 5-0 
040 20 11-2 11-0 303 35 10-9 14-0 
060 7 12-0 10-0 404 10 9-4 10-0 
10] 2 0-8 0-4 


The author takes this opportunity of making a correction to an 
earlier paper (this vol., p. 138). Owing to an error in calculation, 
the goniometric axial ratios of $-methylxyloside were given as 
a:b:c =1-040:1: 1-022; these ratios actually should have been 
1-134 : 1 : 1-115, in good agreement with the X-ray results. 


Summary. 


An X-ray examination of «-methylxyloside has been made; it 
is found that: its lattice is closely related to those of «-xylose and 
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-methylxyloside. A detailed structure is proposed which is in 
good agreement with the experimental results, and arguments are 
brought forward against completely planar or trans-strainless forms 
of the pyranose ring. 


UNIVERSITY OF BIRMINGHAM. [Received, August 29th, 1932.] 





377. Phosphides of Nickel: The Reaction between 
Phosphorus and Nickel Carbonyl. 


By CuRistoPpHER M. W. Gries and Ronatp H. Jonszs. 


WHILE investigating the effect of certain non-metals and their 
compounds on the rate of formation of nickel carbonyl from carbon 
monoxide and nickel-containing materials, it was observed that a 
black mirror-like deposit containing nickel and phosphorus slowly 
formed on the walls of the reaction vessel when carbon monoxide 
charged with phosphorus vapour was led over reduced nickel at 50°. 
The novel conditions of formation of the deposit led us to inquire 
into the mode of its formation and its chemical composition. We 
have found that it is nickel monophosphide, NiP, and that it is also 
formed by the interaction at 50° of phosphorus and nickel carbonyl 
in the vapour state. Berthelot (Compt. rend., 1891, 112, 1347) 
noted the production of a black shiny deposit under similar con- 
ditions, but did not investigate the substance. 

A black, amorphous, relatively unstable powder, probably con- 
taining nickel tetraphosphide, NiP,, is precipitated when nickel 
carbonyl vapour is bubbled through an excess of liquid phosphorus 
or through a solution of phosphorus in turpentine. 

Phosphides of Nickel_—Numerous phosphides of nickel have been 
described, viz., Ni,P, Ni;P,, Ni,P, Ni,P,, Ni,P3, NiP,, NiPs, all 
prepared by thermal methods, and Ni;P,, Ni,P also by precipitation 
methods. Ni;P,, Ni,P, and Ni,P, have been prepared by direct 
union of the two elements at red heat in an inert atmosphere 
(Pelletier; Davy, Phil. Trans., 1808, 98, 333; and Granger, Compt. 
rend., 1896, 122, 1484). Phosphides are also formed by reaction 
between phosphorus halides or phosphine with nickel at high tem- 
peratures (Granger, Ann. Chim. Phys., 1898, 14,49). The existence 
of Ni,P, Ni,P,, and Ni,P has been demonstrated by Konstantinoft 
(Z. anorg. Chem., 1908, 60, 405) from a study of the freezing point 
curves of alloys of the two elements. 

In all the thermal methods, grey, crystalline, stable phosphides 
are formed, which, although soluble in nitric acid, are almost 
unatiected by non-oxidising acids. The nickel phosphides obtained 
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by precipitation methods, however, are amorphous black powders 
and are readily oxidised. 

Schenck (J., 1874, 27, 214) obtained a black modification 
of Ni,P by heating an alkaline solution of nickel tartrate with 
phosphorus; and Kulisch (Annalen, 1885, 231, 357), by passing 
PH, into ammoniacal nickel salt solution, obtained a mixture 
of nickel and nickel phosphide. Recently, however, Scholder 
and Heckel (Z. anorg. Chem., 1931, 198, 329) have separated 
fairly pure Ni,P, and Ni,P from the mixture of phosphides pre- 
cipitated from acid solutions of nickel salts by alkaline hypophos- 
phite solutions. 


EXPERIMENTAL. 


A. Nickel Monophosphide.—CO, charged with the vapours of P and Ni(CO),, 
was passed through a glass tube which was gradually heated. Reaction 
occurred at about 50°, with formation of a black shiny deposit; this was 
removed under H,O, washed with EtOH, then with Et,O, and any free P 
extracted with CS,. 

No reaction occurred when CO containing P vapour or when PH, was 
bubbled through liquid Ni(CO),, but a similar deposit to the above was 
formed by reaction of Ni(CO), vapour with PH. 

When Ni(CO), vapour was bubbled through liquid P at 60°, there was 
obtained a mixture of (1) shiny metallic particles, and (2) black amorphous 
powder, which were separated by flotation, purified as above, dried in an 
atm. of CO, at 80°, and analysed. The results were : 

Atomic ratio, 


Ni, %. P,%. Ni+P, %. Ni: P. 
a 7 a 63°12 33-94 97-06 1: 1-02 
PRR emcee ban 64-24 34-32 98-56 1: 1-01 
Rea ERE TE ARN 64-06 33-80 97-36 1: 1-00 
(Br ieduucds. hisses 62-50 34-85 97°35 1: 1-05 


The analyses refer to different preparations: (a), (b), and (c) were obtained 
by interaction of P and Ni(CO), vapours, independently introduced by means 
of CO into the reaction tube, whereas (d) refers to the metallic deposit 
mechanically separated from the amorphous ppt. In the last case, the ratio 
P: Ni is slightly higher than in the others, but the sample probably con- 
tained traces of the black amorphous ppt. formed in the liquid P, which 
contains higher proportions of P (see p. 2545). 

Scholder and Heckel (loc. cit.) showed that O and H,O were tenaciously 
retained by their Ni,P, and Ni,P, and their analyses showed only 96—98% 
of Ni+ P. Slight oxidation probably accounts for the deficiency of 1-5—3% 
in our analyses. 

Since the concn. of the reactants differed in each of the above expts., no 
precautions having been taken to maintain a constant flow of CO, the con- 
stancy of the ratio Ni : P establishes the existence of the compound NiP. 

Properties of Nickel Monophosphide.—The phosphide consists of black, 
non-magnetic, metallic scales, which were seen under the microscope to 
possess a fine cryst. structure. On being heated in air, it loses P, and 
Ni,(PO,), remains, The phosphide is scarcely attacked by HCl, but is easily 
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sol. in HNO, and in aqua regia. It is not spontaneously inflammable in air, 
nor ignited by fuming HNO,. Although prep. at a temp. of only 650°, NiP 
has properties compatible with its inclusion in the class of phosphides produced 
by thermal means (see p. 2543). 

B. A Higher Phosphide of Nickel.—When the amorphous powder (2) (p. 2544) 
was treated with HNO,, a yellow substance was suddenly thrown out of 
solution; it momentarily floated on the surface before it was finally dis- 
solved. The HNO, in the absorption bulb, which was connected to the 
apparatus to trap any volatile Ni or P compound, assumed 4 green colour, 
which became yellow on standing. No Ni was found in this acid solution, so 
the green colour was probably due to oxides of N evolved in the reaction. 
P, however, was always found in the liquid in the absorption bulb when 
product (2) was being dissolved, whereas when the cryst. NiP was treated 
with HNO,, no P escaped oxidation in the main solution. 

In the following table, the first two analyses are of prepns. which had 
been spoiled by drying under reduced press., thereby undergoing some oxid- 
ation with evolution of white fumes of oxides of P. Further prepatations 
were dried in an atm. of CO,. 


Atomic ratio, 


Ni, %. P,%. Ni+P, %. Ni: P. 
39-56 35-60 76-16 1:17 
35-49 45-66 81-15 1: 2-43 
32°15 67-70 99-85 1: 3-98 
31-90 68-16 100-06 1: 4:04 


The analyses of the pure product (Ni + P = 100-06%) indicate the form- 
ation of a higher phosphide, probably the tetraphosphide. 

An attempt was made, by dilution with cold H,O, to isolate the yellow 
substance mentioned above. It was repeatedly washed with cold H,O, then 
with EtOH and Et,0, and dried in a vac. desiccator over conc. H,SO,. The 
product was free from Ni and in appearance and behaviour resembled solid 
hydrogen diphosphide (Stock, Béttger, and Lenger, Ber., 1909, 42, 2839; 
Jolibois, Compt. rend., 1908, 147, 801). 

Properties of the Amorphous Nickel Phosphide,—-The amorphous preparation 
ignites when heated in air to about 80°, evolving oxides of P; when treated 
with fuming HNO, it also inflames. KOH aq. and NH, aq. readily react with 
this substance, evolving PH, and H; when mixed with KCIO, and struck, it 
detonates violently. The above properties are very similar to those of 
hydrogen diphosphide, and its formation by decomp. of the amorphous 
nickel phosphide is consistent with the formula NiP, for the latter. 

C. Precipitation of Phosphides of Nickel from Solutions of Phosphorus.— 
C8,, although an excellent solvent for P, cannot be employed for the pptn. of 
phosphides of Ni since it reacts with Ni(CO), to form NiS (Dewar and Jones, 
1910, 97, 1226). A mixture of liquid Ni(CO), and C,H, containing thiophen 
soon darkened owing to the formation of NiS, but turpentine was unaffected 
by Ni(CO),, so it was used as a solvent for P, the vapour of Ni(CO), being 
bubbled through a 2% solution, which was gradually heated. Darkening 
occurred at about 70°, and a black powder was pptd. This was filtered off 
in an atm. of CO,, washed with CS,, then with Et,O, sucked dry at the pump, 
and analysed in the moist state to obtain the ratio Ni: P. Another prepn. 
was dried in an atm. of CO, at 80°, and analysed : 
4n2 
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Atomic ratio, 


Sample. Ni, %. P,%. Ni+P, %. Ni: P. 
ee ee 11-96 27-35 aa 1: 4:38 
OOF cathe 32-75 55-08 87-83 1: 3-10 


The ratio P : Ni in the moist sample is somewhat higher than 4: 1, but in 
the dry sample it is only 3:1. The total of Ni + P in the latter analysis is 
very low, but during the drying there was indication of some oxidation, with 
loss of P. There is, of course, the possibility that the prepn. is a mixture of 
phosphides of Ni, but if so, one phosphide would contain more P than NiP,, 
and it would be so unstable as to render the separation from it of chemically 
pure nickel phosphides very difficult. 

The properties of the product (C) are similar to those of the amorphous 
phosphide described in (B), solid hydrogen phosphide being obtained from it 
by treatment with HNO,. Colson (Compt. rend., 1908, 146, 71, 401) observed 
the formation of the solid hydrogen diphosphide when a solution of P in 
turpentine was heated to 250°: in the presence of Ni(CO),, therefore, it is 
possible that NiP, is pptd. on warming, but this product is not regarded as 
pure NiP,. 

It is probable that the formation of the nickel phosphides described is due 
initially to a slight dissociation of Ni(CO), into CO and highly active Ni 
(Dewar, Phil. Trans., 1903, 427, 71), the latter reacting with the P. In the 
absence of P, both as liquid and vapour, no visible mirror of metallic Ni was 
obtained under the same conditions of experiment, and it is probable, there- 
fore, that P catalytically lowers the dissociation temp. of Ni(CO),. 


Summary. 


Although liquid nickel carbonyl] (i.e., at temperatures below 43°) 
does not react with phosphorus or with phosphine, interaction 
occurs in the vapour state even at 50°, with the formation of nickel 
monophosphide, a black, metallic, crystalline compound similar to 
the nickel phosphides produced thermally. The amorphous pre- 
parations obtained by the action of nickel carbonyl vapour on 
liquid phosphorus, also on a solution of phosphorus in turpentine, 
belong to the second class of nickel phosphides, i.e., those formed 
by precipitation. The existence of a higher phosphide of nickel, 
probably NiP,, is indicated, and is supported by its relation to 
hydrogen diphosphide. 


The authors thank the Mond Nickel Company, Limited, for permission to 
publish this paper. 


THE Monp Nicxet Co. LimitTep, 
CiyYDACcH, SWANSEA. [ Received, August 8th, 1932.) 
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378. The Interconversion of Mixed Benzoins. 
By E. Marearet Luis. 


CATALYTIC racemisation of esters, acid amides, etc., by means of 
alcoholic alkali has been extensively investigated by McKenzie 
and his collaborators, who have provided evidence that unsaturated 
substances are produced as intermediate phases. Wren (J., 1909, 
95, 1593), for instance, found that if (—)benzoin was boiled for } hr. 
with alcoholic potash, the recovered benzoin was optically inactive, 
and he considered that the racemisation took place through the inter- 
mediate formation of w-dihydroxystilbene (R = R’ = Ph): 


R-CH-OH ars R C- i... , 
RCO @) R’ C OH ”~ } #£=R'-CH-OH 
Active. Inactive. Inactive. 
(I.) (II.) (IITI.) 


Since (—)benzoin does not undergo autoracemisation, it appears 
that the alcoholic alkali increases the velocity of the reaction (a). 
McKenzie, Roger, and Wills (J., 1926, 779) have shown, however, 
that the racemisation of (—)benzoin can be effected by means much 
less drastic than those employed by Wren, a trace of alcoholic 
potash causing almost complete racemisation in 24 hrs. in the cold. 

Treatment of a mixed benzoin of the type CHR(OH)-COR’ with 
alcoholic alkali would thus, probably, give rise to the intermediate 
phase CR(OH):CR’-OH, which might then be transformed into a 
mixture of the isomerides CHR(OH)-COR’ and CHR’(OH)-COR, 
and the proportion in which they could be isolated by crystallisation 
of the mixture would depend largely on their relative solubilities. 
It is now shown that the transformation of a mixed benzoin into 
its isomeride can actually be realised. 

When an ethyl-alcoholic solution of r-4’-methoxybenzoin (I; 
R = C,H,OMe, R’ = Ph) (McKenzie and Luis, Ber., 1932, 65, 794) 
was treated at room temperature with alcoholic potash, r-4-methoxy- 
benzoin (III; R = C,H,-OMe, R’ = Ph) (McKenzie, Luis, Tiffeneau, 
and Weill, Bull. Soil ahd, 1929, 45, 414) separated. This trans- 
formation may be represented as taking place through the formation 
of the unstable intermediate phase (as II). On similar treatment, 
the compound (III; R=O,H,OMe, R’ = Ph) was recovered 
unchanged from the solution. The latter result is not surprising 
since, from the condensation of benzaldehyde and anisaldehyde 
(McK., L., T., and W., loc. cit.) by potassium cyanide in ethyl- 
alcoholic solution, (III; R = C,H,-OMe, R’ = Ph) was isolated. 
When treated as described above, r-4’-dimethylaminobenzoin 
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(I; R = C,H,-NMe,, R’ = Ph) (McK. and L., loc. cit.) was partially 
transformed into its isomeride, r-4-dimethylaminobenzoin (as ITI) 
(Staudinger, Ber., 1913, 46, 3535; cf. Jenkins, Bigelow, and Buck, 
J. Amer. Chem. Soc., 1930, 52, 5198), together with some p-dimethyl- 
aminobenzil, COPh-CO-C,H,-NMe, (Staudinger, Joc. cit.), which 
was isolated from the solution. When r-4-dimethylaminobenzoin 
was similarly treated, it crystallised from the solution together 
with the diketone. Moreover, it is (III; R = C,H, NMe,, R’ = 
Ph) which is produced when benzaldehyde and p-dimethylamino- 
benzaldehyde are condensed in ethyl-alcoholic solution in the 
presence of potassium cyanide (J., B., and B., loc. cit.). The 
dimethylaminobenzoins differ from other benzoins in the readiness 
with which they undergo oxidation in the presence of alcoholic 
potash. Klinger (Ber., 1886, 19, 1862) obtained benzilic acid 
as one of the products when benzoin was heated with alcoholic 
potash in the presence of air, and the intermediate formation of 
benzil was assumed (cf., also, Knoevenagel and Arndts, Ber., 1902, 
35, 1982; Jena and Limpricht, Annalen, 1870, 155, 89); Tiffeneau 
and Lévy (Compt. rend., 1931, 192, 287; Bull. Soc. chim., 1931, 49, 
725), however, heated a number of mixed benzoins with alcoholic 
potash and identified the acids formed in the decompositions, but 
in no instance did they record the isolation of the corresponding 
benzils or benzilic acids. (I; R = C,H,NMe,, R’ = Ph) has now 
been heated with alcoholic potash, and the products identified were 
(III; R = C,H, NMe,, R’ = Ph), p-dimethylaminobenzil, benzoic 
acid, and p-dimethylaminobenzoic acid. On similar treatment, 
(III) yielded the same products. When heating was prolonged, 
none of the diketone was isolated, and no evidence was obtained of 
the presence of p-dimethylaminobenzilic acid (Singh, J., 1925, 127, 
2445). This acid is, however, unstable, and has not been prepared 
by the action of alcoholic potash on p-dimethylaminobenzil, 

It is clear from the above results that the method occasionally 
employed of determining the structure of ketones by scission by 
means of alcoholic potash, and identifying the products, is not 
applicable to mixed benzoins. 

Jenkins (J. Amer. Chem. Soc., 1931, 53, 3115) noted that «-p’- 
chloro-p-dimethylaminobenzoin, NMe,°C,H,-CH(OH)-CO-0,H,Cl, 
readily changes into the 6-form,C,H,Cl-CH(OH)-CO-C,H,-NMe,, when 
heated with alcoholic potassium cyanide. (The latter mixed benzoin 
is formed by the condensation of p-dimethylaminobenzaldehyde and 
p-chlorobenzaldehyde in the presence of potassium cyanide.) This 
transformation is doubtless due to the presence of alcoholic potash, 
and if so, would fall into line with the results described in this 


paper. 
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EXPERIMENTAL. 


Transformation of r-4’-Methoxybenzoin into r-4-Methowybenzoin.—Ale. 
KOH (0-5 c.c.; 2-5%) was added to a solution of 0-5 g. of r-4’-methoxybenzoin, 
m. p. 100—101° (McK. and L,, loc. cit.), in EtOH (12 c.c.), After 3 days at 
room temp., 0°35 g. of colourless crystals was deposited, which formed needles, 
m. p. 105-5—106-5°, from EtOH. The m, p. was not depressed on admixture 
with r-4-methoxybenzoin (McK., L., T., and W., loc. cit.) but was markedly 
depressed on admixture with the initial r-4’-methoxybenzoin, When a trace 
of the 7-4-methoxybenzoin, obtained as above, was added to cold conc. H,SO,, 
a pale yellow colour developed slowly and changed gradually to an intense 
green. On warming, the green colour developed rapidly. r-4-Methoxybenzoin, 
prepared by the condensation of benzaldehyde and anisaldehyde, gives, 
however, a pink coloration with cold conc. H,SO, if crystn. is not exhaustive; 
but after 15 crystns. from EtOH a specimen of this mixed benzoin (which had 
previously melted sharply and given correct results on analysis) gave no pink 
coloration with cold conc. H,SO,, but gave the coloration described above. 
The pink colour was due to a mere trace of anisoin. A trace of the latter 
(prep. by the method of van Alphen, Rec. trav. chim., 1929, 48, 1112) gave with 
cold conc. H,SO, an intense magenta coloration which faded to pale pink on 
warming. The coloration described by Rossel for anisoin (Annalen, 1869, 151, 
33) is different from this, With cold conc. H,SO, the colorations of r-4- 
methoxybenzoin and r-4’-methoxybenzoin are different: the latter gives an 
immediate yellow coloration which intensifies on standing or on warming. 

In another expt., under different conditions, 3 c.c, of aq. KOH (10%) were 
added to a soln. of r-4’-methoxybenzoin (0-6 g.) in EtOH (15 ¢.c.). After 4 
days at room temp., a cryst. solid was obtained which, when recryst. from 

EtOH, formed needles (0-2 g.), m. p, 105-5—-106-5°, not depressed on admixture 
with authentic r-4-methoxybenzoin. 

Action of Alcoholic Potassium Hy, yoronide on r-4-M. clea ybenzoin.—W hen 
r-4-methoxybenzoin, m. p. 105-5—106-5°, was acted on by alc. KOH under 
conditions similar to those adopted for its isomeride, unchanged material 
separated. 

Action of Alcoholic Potassium Hydroxide on r-4-Dimethylaminobenzoin.— 
2 C.c. of ale. KOH (20%) were added to a soln. of the mixed benzoin (1 g.), 
m. p. 162—163°, in EtOH (140 c.c.). After 18 days at room temp. a small 
crop of bright yellow solid, m. p. 112—115°, separated. Water was added to 
the filtrate, and the resulting yellow solid (0:3 g.) was crystallised from EtOH, 
giving bright yellow rhombic prisms, m. p. 115—116° (Found: C, 75-9; H, 
60. Calc. for C,,H,,O,N: C, 75-9; H, 6-0%), unaltered on admixture with 
p-dimethylaminobenzil (Staudinger, Joc. cit.). The filtrate yielded a further 
0-4 g. of solid from which unchanged r-4-dimethylaminobenzoin was isolated by 
crystn. from EtOH. The filtrate was carefully neutralised by HCl, and the 
small amount of solid which separated was crystallised from EtOH, affording 
needles, m, p. 234—-235°, not depressed on admixture with p-dimethylamino- 
benzoic acid (Meisenheimer, Annalen, 1921, 423, 88). 

In another expt., a conc. aq. soln. of KOH (8 g.) was added to r-4-dimethyl- 
aminobenzoin (4 g.) in EtOH (80 c.c.). After refluxing for 2 hrs. and standing 
over-night, the solution deposited 3 g. of a yellow solid which was triturated 
with C,H, and then crystallised from EtOH; yield 0-9 g. of unchanged mixed 
benzoin. From the C,H, soln., p-dimethylaminobenzil was isolated. To the 
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alkaline mother-liquor, H,O (30 c.c.) was added and the EtOH expelled. The 
aq. soln. was extracted with Et,O, and the extract yielded a small amount of 
the diketone. The aq. soln. was acidified by HCl, and Et,O extraction afforded 
needles (0-2 g.), m. p. 119—120° (identified as benzoic acid). The acid soln. 
from which this acid had been extracted was carefully neutralised by NH,OH 
and extracted with Et,0; the resulting needles, m. p. 234—-235°, were identi- 
fied as p-dimethylaminobenzoic acid. 

Transformation of r-4'-Dimethylaminobenzoin into r-4-Dimethylamino- 
benzoin.—1 C.c. of ale. KOH (0-25%) was added to a solution of r-4’-dimethy]- 
aminobenzoin, m. p. 157—158° (0-5 g.), in EtOH (50 c.c.). After 2 days at 
room temp., yellow crystals (0-2 g.) were deposited. These were triturated 
with C,H, and then crystallised from EtOH; colourless needles (0-1 g.), m. p. 
161—162°, separated. The m. p. was not depressed on admixture with r-4- 
dimethylaminobenzoin, but was markedly depressed on admixture with the 
original mixed benzoin. The product was sparingly sol. in cold dil. HCl, in 
which r-4’-dimethylaminobenzoin is very readily sol. A trace of the product 
gave with cold conc. H,SO, a bluish purple coloration, changing to orange- 
brown on warming (characteristic for r-4-dimethylaminobenzoin). 1-4’- 
Dimethylaminobenzoin gives with cold conc. H,SO, a pink coloration, changing 
to yellow-brown on warming. 

The C,H, soln. from which the r-4-dimethylaminobenzoin had been separ- 
ated was evaporated to dryness, and from the residue p-dimethylaminobenzil 
was isolated by crystn. from EtOH. 

In another expt., a solution of conc. aq. KOH (8 g.) was added to r-4’- 
dimethylaminobenzoin (4 g.) in EtOH (80 c.c.), and refluxed for 2hrs. 30C.c. 
of H,O were added and the EtOH expelled. A yellow solid (3 g.) separated, 
and from it r-4-dimethylaminobenzoin and p-dimethylaminobenzil were 
isolated as in the previous expt. Again, both benzoic and p-dimethylamino- 
benzoic acids were isolated by treating the alk. solution as already described. 


Untversiry CoLLteGe, DUNDEE, 
Untversiry or Sr. ANDREWS. [Received, July 18th, 1932.] 





379, Llectrometric Studies of the Precipitation of 
Hydroxides. Part VII. Glass-electrode Titrations 
of Mercuric Salt Solutions. 


By Husert T. 8. Brirron and Beatrice M. Witson. 


In general, none of the anions, NO,’, Cl’, and SO,”, has an appreci- 
able effect on the py values at which the metallic bases undergo 
precipitation, evidently owing to the fact that the corresponding 
salts of any particular metal ionise to similar extents in solutions of 
the same concentration. With bivalent mercury, however, con- 
ductivity measurements reveal that the salts of strong oxyacids are 
considerably dissociated, whilst the reverse is true of the chloride, 
bromide, cyanide, nitrite, and acetate, in many cases owing to 
complex-ion formation. 
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Britton (J., 1925, 127, 2128) found that precipitation does not 
begin when sodium hydroxide is added to mercuric chloride solution 
until py, 7-4 is attained, and Britton and Robinson (7'rans. Faraday 
Soc., 1932, 28, 531) have shown that the solubility-product principle 
holds qualitatively during the precipitation of a basic salt. Hence, 
in view of the widely differing concentrations of mercuric ions in 
solutions of the various mercuric salts, it would appear probable 
that the py values at which precipitation with alkali actually occurs 
therefrom would also exhibit corresponding variations. Moreover, 
it would be expected that the py of the hydroxide precipitation from 
those salts which ionise in a complex manner, might be influenced 
by the presence in solution of alkali salts of the same acid. The 
present paper records glass-electrode titrations with sodium hydr- 
oxide of solutions of several mercuric salts, some of them also in the 
presence of the corresponding salt of an alkali metal. 


EXPERIMENTAL 


The experiments included the titration of 100 c.c. of each of the mercuric 
salt solutions specified in Table I, which also gives the concen. of the titrating 
NaOH and the legend of the corresponding curve. All concns. are in mols./ 
litre. 


TABLE I. 
Hg salt and Added acid Added salt NaOH, 
conen. and concen. and concn. N. Curve. 
HgCl,, 0-025 — —- 0-1019 HgCl, 
ie 0-010 — KCl, 2-478  0-1000 250KCIl 
ie 0-010 — 9% 0-994 0-1000 100KCI 
as 0-010 — -” 0:0994 0-1000 10KCI 
HgBr,, 000305 — a= 0-0100 HgBr, 
Hebe 
ve 0-00526* — oa 0:0200 
flower) 
Hg(CN),, 0-025 — 0-0992 Hg(CN), 
HgSO,, 0-0251 H,SO,, 0-0969 0-200 HgSO, 


ae 


Hg(NO,)., 0°02446 HNO,g, 0-02296 0-0994 Hg(NO,), 
Hg(ClO,),,0°02576 HCIO,,0-01337 0-0994 Hg(ClO,), 
Hg(NO;)., 0-01023 HNO,, 0-00196 NaNO,, 0-02046 0-0992 Hg(NO 4 


01023 » 000196 ,, 1-087 0-0992 100Na 
Hg{O Ac) 0-00082 HOAc, 0-00040 mat 0-0992 Hg(OAc),. 
4 00466 os NaOAe, 1-5 0-0992 320Na0Ac 


. Pans conens. of HgBr, could not be used owing to the sparing solubility 
of the salt. 


The glass-electrode apparatus employed was similar to that described by 
Morton (J. Sci. Inst., 1930, 7, 187; see also Britton and Robinson, loc. cit.), 
the deflexions of a sensitive ballistic galvanometer being calibrated daily in 
terms of pq values by one or more titrations of a universal buffer mixture. 

In the Hg(CN), titration, Fig. 1 shows that the py values set up immediately 
were those resulting from the added alkali alone; pptn., therefore, did not take 
place owing to lack of reaction. Lower pq values, between 7 and 11, prevailed 
during the bromide titrations, but pptn. did not occur from the more dilute 
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solution, and from the other, it occurred only after 1-05 equivs. of alkali had 
been added (py 9-80). 

In the HgCl, titration, pptn. started at once (py 6-44), but occurred chiefly 
at py 7—8; it was complete with 1-6 equivs. of alkali, suggesting that 
3HgO,HgCl, had first separated and had subsequently undergone slight 
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decomp. (Similar observations were made by Britton, loc. cit., with oxygen 
electrodes.) Variations in the cone. of HgCl, (0-1—0-0025M) had but little 
effect on the [H"] at comparable stages of the reaction. 

Voit (Annalen, 1857, 104, 351) noted that KCl prevented pptn. of HgO by 
alkali, but we find that at least 250 mols. of KCl per mol. of HgCl, are necessary 
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to prevent immediate pptn. in 0-01M-HgCl, solution, and even then a little 
HgO separates on standing. Comparison of the curves for approx. 250, 100, 
and 10 mols. of KCl per mol. of HgCl, with that corresponding to pptn. from 
HgCl, alone shows that the effect of increasing KCl concen. is to raise the py 
at which pptn. occurs. 

The p,'s obtained in NaOH titrations of solutions of HgCl, and varying 
amounts of KI showed that the complex ion, HgI,”, was unattacked. 

Both Hg(NO,), and HgSO, undergo appreciable hydrolysis in solution, 
basie salts being deposited; Hg(ClO,),, however, yields an almost clear solu- 
tion. For the purpose of titration, solutions of these salts were prepared by 
dissolving HgO in just sufficient acid to produce clear solutions; hence, in 
the HgSO, solution 97-0 c.c. of 0-2N-NaOH would be required to neutralise the 
free acid, and 25-1 ¢.c. more toform HgO. The fact that the p, of the solution 
was lower than 1 indicates that even in the presence of an almost four-fold 
excess of free acid the HgSO, was much hydrolysed. The glass electrode is 
not entirely satisfactory in solutions of py <1-5, so the pq values are only 
approx. Cloudiness occurred with 11-0 c.c. and pptn. became complete 
with 110-8 c.c. of NaOH (py, 4). The curve shows that the first sharp inflexion 
occurred at 1-1NaOH to 1-0HgSO,; but after py 6 had been reached, the change 
of py became more gradual, indicating that the basic salt first pptd. was being 
decomposed. Cox (Z. anorg. Chem., 1904, 40, 146) has demonstrated by 
phase-rule methods that HgSO, forms only one basic sulphate, viz., 
2HgO,HgSO,, although Hoitsema (Z. physikal. Chem., 1895, 17, 655) states 
that HgO,2HgSO, also exists. The former would require 1-33 equivs. of alkali, 
and the latter 0-67 equiv. It is possible that the basic sulphate pptd. was 
Cox’s salt, slightly contaminated with a less basic sulphate, possibly Hoitsema’s. 

The alkali required to neutralise the excess acid in the Hg(NO;), solution 
was 23-11 c.c., and that to decompose the Hg(NO,), was 49-2 ¢.c. Pptn. 
began with 17-5 c.c. (pq 1-74) and ended with 65-5 c.c. (i.¢., 1-68 equivs.). 
Since the initial pg was approx. 1-43, the Hg(NO,), was hydrolysed to the 
extent of about 29% even in presence of the acid. The appearance of the 
inflexion before the stoicheiometric end-point shows that the salt pptd. was 
somewhat more basic than 2HgO,Hg(NO,).. 

In the Hg(Cl0O,), titration, the initial py (1-68) indicates that the Hg(ClO,), 
was 14-6% hydrolysed. 

Solutions of HgCl,, unlike the nitrate, sulphate and perchlorate, were only 
very slightly acidic (py ~ 4). Since the glass electrode, when calibrated over 
a wide p,, range, tends to give somewhat inaccurate results in unbuffered solu- 
tions such as those of HgCl,, an electrode was calibrated between py 3 and 5 
immediately before and after the measurements. ‘This was used at 18° with 
two series of HgCl, solutions, (a) prep. at room temp., and (b) boiled and imme- 
diately cooled to 18°. The respective py values are recorded in cols. 2 and 4 
of Table II. From these values the % hydrolysis was calc., both Cl radicals 


Tasie II. 
Dilution, py Hydrolysis, pq Hydrolysis, 2, pu, Hydrolysis, 


l./g.-mol. (a). % (a). (d). %(b) %*105. cale. % (25°). 
32 3-99 0-16 3-82 0-24 6-81 3-80 0-26 
64 4-08 0-27 3-96 0-35 5-19 3-92 0-39 
128 4-20 0-40 4-18 0-42 3-98 4-03 0-60 
256 4-28 0-67 4-44 0-47 3-12 4-14 0-94 
512 4-56 0-71 4-67 0-55 2-47 4:24 1-48 
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being assumed to participate in the hydrolytic reactions. The two sets of py 
data show that boiling had but little effect on the extent of the hydrolysis, 

According to Sherrill (Z. physikal. Chem., 1904, 47, 103), Morse (ibid., 1902, 
41, 709), and Luther (ibid., 1904, 47, 107), the conen. of Hg™ ions in Hg(i, 
solutions is extremely small, Luther giving 10-* in 0-26M-solution. Such a 

low ionisation could not be reflected in the conductivity measurements, and 
hence Ley’s assumption (Ber., 1897, 30, 2192), that the conductivities of HgC(l, 
solutions must have been caused by the hydrolysed acid, finds justification 
(see, however, Luther, Z. physikal. Chem., 1901, 36, 385). His values of the 
spec. conductivity (x) at 25° are recorded in col. 6. By taking Agyo at 25° 
to be 427, the py values and % hydrolysis corresponding to Ley’s data have 
been calculated (cols. 7 and 8). These are in satisfactory agreement with the 
direct measurements, although for the more dilute solutions they are probably 
a little too high. 

Besides being considerably hydrolysed, Hg(NO;), solutions give rise to a 
relatively large concen. of Hg” ions (cf. Morse, loc. cit.). As shown by Fig. 1, 
it is not possible to estimate volumetrically the amount of free HNO, in the 
presence of Hg(NO,),. The present results show, however, that if KCl is 
added in an amount at least sufficient to form HgCl, by metathesis, this salt 
is formed quantitatively and any excess of strong acid (HNO, or HCl) can 
then be accurately titrated by using methyl-orange. The curve in Fig. | 
commencing at py 2-1 refers to titration of 100 c.c. of 0-025M-Hg(NO,),, 
0-015N-HNO,, and 0-05M-KCl with 0-1N-NaOH. The neutralisation of the 
free acid was complete at py, 5:3; more alkali then caused pptn., and the py 
curve followed the same course as in the direct titration of HgCl,. 

The conductivity data of Ley and Kissell (Ber., 1899, 32, 1363) show that 
both the nitrite and the acetate are but slightly ionised, and Pick (Z. anorg. 
Chem., 1906, 51, 20) has found that, with excess of KNO,, Hg(NO,), forms a 
complex anion of the type Hg(NO,),”. In view of the small ionisation of 
Hg(NO,),, it was considered that this salt would be formed in solution merely 
by allowing Hg(NO,), to react with the equiv. of an alkali nitrite. The curve 
Hg(NO,), shows the neutralisation of the small excess of HNO,, and the portion 
corresponding to the decomp. of the Hg(NO,), formed lies between py 4 and 7. 
Pptn. was delayed until py, 5-93 (0-68 equiv. of NaOH). The curve marked 
100NaNO, shows the effect of adding about 100 mols. of NaNO, to 1 mol. of 
Hg(NO,),. In this case, the pptn. was partial and did not begin until pg 10-7 
was attained (2-23 equivs. NaOH). Using ca. 10 mols. of NaNQO,, no ppt. was 
formed until 1-05 equiv. of alkali was added (py 7:6) and pptn. occurred mainly 
between py, 7-6 and 8-1. 

With Hg(OAc), pptn. began at py 5-37 (1-13 equivs. of NaOH). The pz 
values during the attack of the alkali ranged between 4 and 6-7, i.e., that 
prevailing when free HOAc is neutralised with alkali. Hence it was calc. 
that the Hg(OAc), must be hydrolysed to the extents shown below for 
various stages of the titration, the method of calculation being that adopted 
by Britton and Meek, this vol., p. 183: 


NaOH, Hydrolysis, %. 

c.c. equiv. Pu- I, II. 
4 0-383 4:75 26-32 62-40 
8 0-809 5-12 29-80 50-58 
12 1-23 5-46 31-80 42-70 


1-66 5-90 34-64 40-70 
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The Hg” conen. of Hg(OAc), solution is exceedingly small: the solubility 
product of Hg(OH),, 1 x 10-**, was just exceeded at py 5-37, and therefore 
the Hg™ concn. was 10-*5. Hence the basic complex present in the solution 
during the first half of the titration is probably un-ionised, unless it dissociates 
in a complex manner and furnishes inappreciable amounts of Hg™ ions. 

The addition of NaOAc to a Hg(OAc), solution causes no pptn. in the cold 
or on boiling, but leads to solutions of gradually increasing py such as would 
occur if the Na salt were buffered by free HOAc. The py values of various 
solutions of the two salts are given below. They show that the NaOAc keeps 





Conen., M. NaOAc Hydrolysis,%. 
Hg(OAc),. NaOAc. Hg(OAc),” pus I. II. 
0-00932 0-1 10-73 5-86 39-81 44-90 
0-00932 0-2 21-46 6-13 42-66 45-99 
0-00932 0-3 32-19 6-29 44-56 46-86 
0-00932 0-4 42-92 6-42 43-61 45-97 
0-00932 0-5 53-65 6°49 46-76 49-49 


the highly basic Hg(OAc), in solution. Moreover, if sufficient NaOAc is 
added, NaOH produces no immediate ppt. even on boiling, but a very faint 
ppt. separates on standing. The original solution [320 mols. of NaOAc per 
mol. of Hg(OAc),] had pg 7:33, which gradually increased to 9 on addition of 
2 equivs. of NaOH. In the absence of Hg(OAc),, the NaOAc would have 
given & py of 8-5, so the lower values must be attributed to the existence of 
free HOAc hydrolysed from the Hg salt. The solution therefore resembles 
those, particularly that of Pb, investigated by Britton and Meek ((oc. cit.), in 
which the heavy-metal hydroxide or basic salt is kept in solution by means of 
NaOAc. 


Discussion. 


The curves given in Fig. 1 reveal that precipitation with alkali 
may take place at almost any py, depending on the nature of the 
mercuric salt and especially on the presence of certain alkali salts. 
Calculations show that the p, range in which precipitation of basic 
mercuric salts or mercuric oxide occurs is determined mainly by the 
solubility product [Hg ][OH’}??. At 18° this is 1 x 10° (Britton, 
“‘ Hydrogen Ions,” 2nd edtn., 1932, p. 83; Labendzinsky, Z. Elektro- 
chem., 1904, 10, 80; Allmand, ibid., 1910, 16, 263; Grossmann, Z. 
anorg. Chem., 1905, 43, 368). 

Although mercuric nitrate, sulphate, and perchlorate are appre- 
ciably hydrolysed, there is evidence that they ionise fairly exten- 
sively: Morse (Z. physikal. Chem., 1902, 41, 709) found that a dilute 
solution of mercuric nitrate containing an equimolar amount of 
nitric acid was about 40% ionised. The ionic product, [Hg**)[OH’}, 
set up during the precipitation of basic mercuric nitrate can thus be 
roughly ascertained from the p, value and the concentration of 
mercuric nitrate left in solution at any particular stage, the assump- 
tion being made that the basic nitrate indicated by the inflexion of 
the curve was precipitated from the beginning: the values thus 
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found range from 0:3 x 10°% to 0-7 x 10°*8, which agree sufficiently 
with the accepted values to justify the belief that the solubility 
product of mercuric hydroxide determines the precipitation. 

Precipitation from mercuric chloride solutions can be explained 
in terms of the equilibrium, HgCl, == Hg™ + 2Cl’, which Luther 
(Z. physikal. Chem., 1901, 36, 385) and Morse (loc. cit.) have found 
may be represented by K =[Hg**}[Cl’]?/[HgCl,]. For K Luther gave 
15 x 10 and 0-18 x 10-4, whilst Morse reported 1-0 x 10°. 
Taking the last value, and assuming (a) that only the chloride-ion 
concentration originating from the sodium chloride formed during 
the precipitation with alkali was of sufficient magnitude to have 
any effect, (b) that the concentration of undissociated mercuric 
chloride was equal to that of the unattacked mercuric chloride, it 
was possible to calculate the mercuric-ion concentration at any stage 
of the precipitation. Hence, in conjunction with the py value, the 
following solubility products were calculated. 


Titration of 100 c.c. of 0-025M-HgCl, with 0-1019N-NaOH. 


YaOH, equivs. .......-se-e++ 0-2 O04 O8 O8 10 41:2 41-4 
Sl itieialisiintsel¥sxeetietoehoios 7-14 6-93 6-78 664 6-47 6-29 5-96 
[Hg] X 10" 20... eeeeee 587 132 61 24 13 O68 Of 
[Hg“|[OH’}? x 10% ......... 31 418 14 %2 14 15 26 


This solubility product was similarly determined from the data 
obtained by the addition of sodium hydroxide to mercuric bromide, 
Morse’s value (loc. cit.) [Hg ’|[Br’}?/[HgBr,] = 2-0 x 10% being 
used. 

Titration of 100 ¢.c, of 0-:005264M-HgBr, with 0-:020N-NaOH. 


NaOH, equivs. ........sseeee. 0-8 1-0 1-2 1-4 1-6 1-8 
DOM.” 06> bv dviesccnevecsoosgedecccese —- 4-62 4°55 4-53 4-47 4-41 
RE OPP ccccnsssscscecdics — 240 13-9 8-0 4-2 1-7 
(Hg |(OH’}® x 10% ......... — 138 Ibl 6-9 48 26 


In presence of much alkali chloride mercuric salts are converted 
into complex salts in which the mercury exists in the anion, Hg(Cl,”. 
Abegg and Sherrill (7. Hlektrochem., 1903, 9, 549) found that ionis- 
ation of this anion, HgCl,” = Hg” + 4Cl’, was governed by 
[Hg**}[Cl’}*/[HgCl,’”"] = K, for which pg = 15-95. Pick (Z. anorg. 
Chem., 1906, 51, 20) obtained 16-30 for px. By assuming also that 
the ionic product [Hg”][OH’}? during the precipitation from solu- 
tions of mercuric chloride in the presence of large amounts of 
potassium chloride had the value 1 x 10-*, it was possible to cal- 
culate [Hg*’], and, if all the mercuric chloride is converted into 
HgCl,” ions, [HgCl,’’] and [Cl’] could be found and p x evaluated. 
The degrees of ionisation, «, in the 1OKCl and 100KCI titrations were 
taken as 0-848 and 0-772 respectively, The typical values of px; 
given in Table ITT, are of the same order as those previously obtained. 
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Taste III. 

Titration of 100 ¢.c. of 0-01M-HgCl, (+-0-09944N-KCl) with 0-1LIN-NaOH. 

NaOH, equivs. ue Pug’: PHsch’’ Po’. Pr- 
0-4 8-50 14-6 2-14 1-14 17-0 
0-7 8-54 14-6 2:27 1-12 16-8 
1-0 8-67 14-9 2-45 1-10 16-8 
1-3 8-83 15-2 2°73 1-08 16-8 

Titration of 100 c.c. of 0-01M-HgCl, (-+-0-9944N-KCl) with 0-1N-NaOH. 
0-7 10-47 18-5 2-22 0-15 16-9 
1-0 10-56 18-7 2-34 0-16 17-0 
1-3 10-61 18-8 2-51 0-17 16-9 
1-6 10-73 19-0 2-76 0-17 17-0 


Since it was just possible that the mercuric-ion concentration of 
mercuric nitrite solutions would be established by equilibrium, 
Hg(NO,), == Hg~+2NO,’, values of K = [Hg")][NO,'}?/ 
[Hg(NO,).] were calculated by taking 1 x 10° as the solubility 
product of mercuric hydroxide and assuming that the nitrite ions 
were produced by the sodium nitrite formed. The values obtained 
varied from 2-3 to 6-8 x 10-!. 

Pick (loc. cit.) has shown that, in the presence of an excess of alkali 
nitrite, mercuric nitrite enters into a complex anion, for which 
[Hg }[NO,’}*/[Hg(NO,),’"] = 10-94, Calculations based on an 
alkali titration of the 1ONaNO, : 1Hg(NO,), solution give remarkably 
constant values throughout the whole course of precipitation, viz., 
pr = 14-8—15-0. 


Grateful acknowledgment is made to the Government Grants Committee 
of the Royal Society for the purchase of apparatus, and to the Senate of this 
College for a grant to one of us (B. M. W.) from the Andrew Simons Research 


Fund. 
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380. The Structure of the Glutaconic Acids and 
Esters. Part VII. Derivatives of 3-Methylcyclo- 
propene-1 : 2-dicarboxylic Acid. 

By G. A. R. Kon and H. R. Nana. 


In 3-methyleyclopropene-1 : 2-dicarboxylic acid, all three carbon 
atoms of the propene chain form part of the ring and it therefore 
resembles the cyclic compounds described in Part IV (this vol., p. 2426) 
in being capable of three-carbon tautomerism, but not of stereo- 
isomerism, which is precluded by its cyclic structure. Goss, Ingold, 
and Thorpe (J., 1923, 123, 327, 3342; 1924, 125, 1927; 1925, 127, 
460) have suggested that the acid is a true glutaconic derivative, 
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possessing a mobile hydrogen atom and giving rise to three series 
of interconvertible esters, termed, respectively, normal (I), labile (II), 
and enol (III); the acid was also represented by the normal formula 
(I; R=H). Additional and, in part, contradictory evidence has 
been contributed by Feist (Annalen, 1924, 436, 125). 


C-CO,R C-CO,.R C-CO,R C-CO,R 

MeCtH]C Ra (eee (ty MeHC¢ || ; 
C-CO,R CH-CO,R \OC<oH ‘CO,R 
(I.) (II.) (III.) (IV.) 


The existence of the three esters is at variance with the evidence 
regarding the structure of glutaconic acid derivatives (J., 1931, 
560; this vol., pp. 1, 1027, 2426, 2434, 2443). The “ normal” 
formulation of the acid and its ester (I) is, moreover, inconsistent with 
their resolution into optically active components (Feist; confirmed 
by Goss, Ingold, and Thorpe) ; in any case, this mode of formulation 
has since been abandoned, at any rate as an expression of structure 
rather than a mode of reaction (McCombs, Packer, and Thorpe, J., 
1931, 547). For this reason we have undertaken the revision of 
the work with the kind permission of Prof. J. F. Thorpe, F.RS., 
and Prof. C. K. Ingold, F.R.S. 

A re-examination of the facts, together with the new evidence 
now submitted, shows beyond doubt that the structure of the 
acid and its solid “ normal” ester must be represented by the 
A*-formula (II), formerly allotted to the “labile” ester. This 
leaves the constitution of the latter, assuming it to be an individual 
compound, to be accounted for, together with that of the enol 
ester derived from it. 

The “labile” ester has been stated to be formed from the 
“normal” principally in three ways: (i) by distillation under 
atmospheric pressure; (ii) by treatment with sodium ethoxide; 
(iii) an equilibrium mixture of all three esters is obtained when any 
one of them is heated with alcoholic sulphuric acid. 

Now it has been shown (Kon and Nanji, J., 1931, 560; Gidvani, 
Kon, and Wright, this vol., p. 1027) that the action of sodium 
ethoxide on glutaconic esters leads to the production of equilibrium 
mixtures and that both the “ normal ” and the “ labile ” fractions 
so obtained are usually mixtures of «$- and #y-unsaturated esters. 

By analogy, therefore, it was to be expected that, if the cyclo- 
propene esters are capable of tautomerism, treatment with sodium 
ethoxide would produce such a mixture and that the formation of 
the A}-ester (IV) would in that case have to be taken into account. 
For this reason, the equilibration of the A®-ester was repeated first 
of all. 
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Our results differ materially and inexplicably from those recorded 
in the earlier investigation. We have been unable to obtain the 
sodio-derivative of the enol ester or the enol ester itself and con- 
sequently could not prepare the “labile” ester by the sodium 
ethoxide process. The formation of the sodio-ethyl ester was 
merely inferred by the previous investigators from the products 
obtained from it on acidification, but the sodio-derivative of the 
methyl ester was actually isolated and analysed. We have re- 
peatedly attempted the preparation of the sodio-derivative both in 
the ethyl and in the methy] series of esters, but always with negative 
results. 

In our hands, the action of sodium ethoxide on the A?-ester led 
in every case to addition of ethyl alcohol to the ester. Dilution 
with water gave a neutral ester consisting, not of the “ normal ” 
ester or of an equilibrium mixture of the A!- and the A?-ester, but 
of the ethoxy-ester, Me(OEt)C< HCO (V), which is easily 
recognised owing to its high boiling point and low refractive index. 

The aqueous solution obtained at the same time contains but 
little material, consisting for the most part of the ethoxy-acid, 
m. p. 156°, corresponding to the ester (V) and already isolated by 
the previous investigators; the remainder is indeed enolic, giving a 
deep colour with ferric chloride, but analysis of the distilled material 
shows that it is not isomeric with the A?-ester and cannot, pre- 
sumably, be identical with Goss, Ingold, and Thorpe’s enol ester. 

The formation of the ethoxy-ester (V) is very rapid and there is 
no evidence of tautomeric change preceding it; indeed, we have 
not detected any tendency for the formation of the A*-ester (IV) 
under any of the experimental conditions tried. 

The production of the ester (V) is analogous to the rapid addition 
of methyl alcohol to the methyl ester, already recorded by Goss, 
Ingold, and Thorpe and confirmed by us; and if the addition of 
alcohol to the A®-esters is the first step in the action of sodium 
alkoxides on these compounds, it is clearly impossible to speak of 
the equilibration of the latter in the customary sense, meaning the 
production of a mixture of isomerides in definite proportions. 

The addition of methyl alcohol to the methyl ester is described 
as being reversible, but the formation of the sodio-derivative in 
this case must be a reaction of the methoxy-ester, not the cyclo- 
propene ester, and is in no way analogous to the formation of 
sodio-compounds from true glutaconic esters: addition of alcohol 
to the latter has not yet been observed (compare Kon and Nanjji, 
this vol., p. 2426). 

A somewhat similar behaviour has, however, been observed in 
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the esters of the citraconic-itaconic type (Coulson and Kon, follow. 
ing paper); these do not form sodio-derivatives and it is possible 
to demonstrate the occurrence of tautomeric change, which is more 
rapid than the addition of alcohol, although, as already pointed 
out, this addition makes the actual position of equilibrium uncertain, 

We were also unable to bring about the equilibration of the 
A?-ester with alcoholic sulphuric acid; it was recovered unchanged, 

The formation of the “labile ” ester proceeds readily, however, 
by the action of heat on the A*-ester and the properties of the 
product leave no doubt as to its identity with the “labile ” ester 
previously prepared by the same process, although the boiling 
point is lower than that recorded. We were, however, unable to 
confirm the reconversion of this ester into the A*-ester on keeping 
or, indeed, under any conditions tried. Our experiments lead to 
the conclusion that the conversion of the A?-ester into its isomeride 
is not only an irreversible process, but one involving a complete 
rearrangement of the carbon skeleton of the molecule. 

The elucidation of the constitution of the “labile” ester pre- 
sented great difficulties, principally because the results of oxid- 
ation with ozone could not be interpreted at first; it is now certain 
that the compound must be represented by the formula 
CO,Et-C:C-CH,°CH,°CO,Et (VI) and is therefore a straight-chain 
acetylene derivative. 

This conclusion is based on the following considerations: (i) The 
“labile ” ester is reduced by hydrogen and palladium to an ester 
which gives a large amount of adipic acid on hydrolysis. This 
proves the presence of a straight chain of four carbon atoms. 

(ii) The ester is hydrolysed by aqueous-methy] alcoholic potassium 
hydroxide to a mixture of two acids, neither of which, however, is 
the expected acetylenic acid corresponding to the ester (VI). The 
principal constituent of the mixture is ®-ketoadipic acid (VII); it 
gives a colour with ferric chloride and yields the semicarbazone of 
levulic acid on treatment with semicarbazide, carbon dioxide being 
eliminated at the same time. The acid is evidently formed by the 
addition of water to the acetylenic acid (compare Burton and von 
Pechmann, Ber., 1887, 20, 145; Perkin and Simonsen, J., 1907, 91, 
816). The second acid, which is only formed in very small amount, 
appears to be the methoxy-acid (VIII) resulting from the addition 
of methyl alcohol to the acetylenic acid (compare p. 2559). 


CO,H-CH,°CO-CH,,-CH,°CO,H CO,H-CH:C(OMe)-CH,-CH,°CO,H 
(VIL) (VIII.) 


Hydrolysis of the acetylenic ester with dilute hydrochloric acid 
goes a step further than with alkali and gives a syrupy product, in 
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which lzvulic acid can be easily identified ; it is obviously produced 
by the decarboxylation of the acid (VII). 

If the “labile” ester used for hydrolysis is not very carefully 
fractionated, varying quantities of the cyclopropene acid are isolated 
and this may perhaps account for the statement that this acid is 
the sole hydrolysis product of the “ labile ” ester, at any rate with 
hydrochloric acid, since it is the only solid acid formed in this case. 
In addition, the acids (VII) and (VIII) are both sparingly soluble 
in ether and might be overlooked for this reason. 

(iii) The action of sodium ethoxide on the “labile” ester is 
extremely vigorous, but the formation of a sodio-derivative has 
not been observed. The principal product is again an ethoxy- 
ester, C,.H,,O;, isomeric with the ester (V) and hydrolysable to an 
acid, m. p. 161°. This was at first thought to be the trans-isomeride 
of the ethoxy-acid, m. p. 156°, since, like the latter, it gave levulic 
acid on boiling with hydrochloric acid, but did not give an anhydride. 
It was later found to be unsaturated and its strugture was estab- 
lished by the oxidation of its ester (IX) with ozone. The products 
were oxalic acid and ethyl suceinate. The formation of the latter 
by the fission of an ozonide was unexpected, but it clearly establishes 
the constitution of the ester (IX), since this can only be formed 
from a compound with an ethoxyl group attached to one of the 
doubly-bound carbon atoms. 


(VI) —> CO,Et-CH:iC(OEt)-CH,-CH,CO,Et (IX.) 
CO,H-CO,H <— CO,Et-CHO + CO,Et-CH,-CH,-CO,Et 


The yield of ethyl succinate in this experiment was 80% and as 
the yield of the ethoxy-ester from the “ labile ” ester was on this 
occasion 64%, it follows that the minimum content of. acetylenic 
ester in the “labile” ester must be 52%, without allowance for 
manipulative losses and the formation of by-products in the first 
reaction ; it is more probably about 80%. 

The formation of the ethoxy-ester (IX) is to be expected and is 
entirely analogous to the production of ethoxymaleic and fumaric 
esters from ethyl acetylenedicarboxylate (Michael and Bucher, Ber., 
1896, 29, 1792). 

(iv) The “labile” ester is ozonised with extreme difficulty and 
much unchanged initial material is generally recovered in addition 
to syrupy mixtures of acids (compare Molinari, Ber., 1907, 40, 
4154; Harries, ibid., p. 4907); the neutral products are, however, 
quite distinct from those derived from the A?-ester, the oxidation of 
which was repeated for the sake of comparison. The principal pro- 
duct is a yellow ketonic ester, which is neutral or only feebly acidic 
and is easily characterised by its orange diphenylhydrazone (X1) ; 
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the latter also gives rise to a phenylhydrazide. These compounds 
are formulated as follows : 


(VI) —> CO,Et-CO-CO-CH,-CH,-CO,Et (X.) 


O:N-NHPh C:N-NHPh 
oc’ \o-CH,-CH,CO-NH-NHPh <— 00” \¢-CH,-CH,-00,Et 
PhN——N (XI) PhN—N (XI) 


The diketonic ester (X), which was not obtained pure, is further 
oxidised by hydrogen peroxide to succinic acid; attempts to obtain 
the corresponding acid by hydrolysis were unsuccessful, the only 
acid isolated being $-ketoadipic acid, derived from the “labile” 
ester itself. 

The formation of the diketonic ester containing the original chain 
of four carbon atoms is unusual, since most acetylenic compounds 
appear to be oxidised with the rupture of the chain at the triple 
bond, and led us to retain a cyclic structure for the “ labile ” ester 
for some time. 

In the earlier experiments, conducted in ethyl acetate solution, 
small quantities of formaldehyde were usually detected, but these 
were undoubtedly derived from the solvent (compare Escourrou, 
Bull. Soc. chim., 1928, 43, 1088; see, however, Dceuvre, ibid., 
1929, 45, 140); in later experiments, with chloroform as a solvent, 
formaldehyde was not detected. 

The “labile” ester, unlike the normal, is rapidly attacked by 
alcoholic sulphuric acid, probably with the addition of alcohol; 
the nature of the product has not yet been ascertained. 

These reactions establish the constitution of the “labile ”’ ester 
beyond all reasonable doubt, although it must be admitted that 
the isomerisation of the cyclopropene ester into an acetylenic deriv- 
ative, involving as it does the absorption of the methyl group into 
the chain, is an unusual reaction and without parallel as far as we 
know; the disruption of the trimethylene ring in a pyrogenic 
reaction has, of course, been repeatedly observed. 

This isomerisation is clearly a deep-seated decomposition and in 
no way related to the type of tautomeric change encountered in 
the glutaconic acids and esters. 

The reactions of the A®-ester, notably the rapid addition of the 
elements of alcohol to the double bond, also differ materially from 
those of typical glutaconic esters and suggest that this ester is 
more nearly related to the esters of the itaconic group; indeed, it is 
doubtful whether it possesses a mobile hydrogen atom in the 
ordinary sense, a conclusion already foreshadowed by Feist (Joc. cit.). 
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THE GLUTACONIC ACIDS AND ESTERS. 





The statement that the “‘ labile ’ ester is formed from the normal 
ester by the action of sodium ethoxide must, in our opinion, be 
based on a misapprehension. 

The constitution of the enol ester must for the present be left an 
open question; but since this compound is stated to be a derivative 
of the “ labile ” ester and not of the normal ester, the formula (IIT) 
allotted to it will require revision. Apart from the fact that it 
appears unlikely that a compound of this constitution would be 
sufficiently stable to have more than a momentary existence (com- 
pare Feist, loc. cit.), such a compound could not be produced by the 
action of sodium ethoxide on the acetylenic ester (VI). ‘ In the 
latter case, it might perhaps be the ester of the ketonic acid (VII), 
whilst the yellow sodio-derivative isolated and analysed by the 
previous investigators could have been similarly formed from the 
corresponding methyl ester (methyl! 6-ketoadipate). 


EXPERIMENTAL. 


Ethyl 3-Methyl-A*-cyclopropene-1 : 2-dicarboxylate (“‘ normal” ester).—The 
pure ester was prepared from the recryst. acid (H-CO,H is the best solvent) 
either through the Ag salt or with the aid of EtOH and H,SO,, both processes 
giving an ester which solidified completely after distillation, b. p. 115°/11 mm. ; 
a supercooled specimen had d?’”” 1-0651, n7’"" 1-4583, [Rz]p 50°78. No high 
fraction was obtained and the ester did not give the reactions for the “ labile ” 
ester mentioned by Goss, Ingold, and Thorpe; such a high fraction was, 
however, obtained in small amount when the crude, almost black, acid was 
esterified without previous purification. ; 

The A?-ester was recovered unchanged and without loss after 3 hrs.’ boiling 
with EtOH (3 vols.) containing 1 vol. of conc. H,SO,; it boiled at the right 
temp., solidified completely after distillation, and did not give a colour with 
FeCl, or with 40% KOH agq., and therefore did not contain any “ labile” o 
enol ester. 

Ozonisation. The ester, dissolved in AcOEt, was treated with ozonised O, 
until no more was absorbed; the solvent was then removed under reduced 
press., and the ozonide decomposed by shaking with H,O over-night. The 
products were AcOH, H,C,0,, and ethyl acetyloxaloacetate, as already found 
by previous investigators. To avoid decomp., the ester was not distilled; on 
treatment with phenylhydrazine acetate it gave a sparingly sol., colourless 
pyrazolone, m. p. 230° (Found: C, 67:3; H, 5-4; N, 19-3. C,,H,,0,N, 
requires C, 67-6; H, 5-2; N, 19-7%); no trace of a coloured phenylhydrazine 
derivative was produced. 

Action of sodium ethowide. (i) The finely ground A?-ester (15 g.) was added 
to a solution of 1-15 g. of Na in 15 c.c. of dry EtOH, the reaction mixture 
being kept, protected from moisture, at approx. 60° for 48 hrs. The dark 
brown product was then diluted with 200 c.c. of H,O and extracted with 
Et,0 (neutral extract), an operation which was very troublesome owing to 
the formation of an emulsion. The aq. solution was acidified with dil. HCI, 
rise of temp. being prevented, and again extracted with Et,0. This extract 
was shaken with dilute Na,CO, aq. to remove the acid products (the ethoxy- 
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acid and tar), leaving the quasi-acid (a little brown viscous material) in the 
ether. 

The neutral extract, after thorough washing with H,O, drying, and evapor- 
ation of the Et,0, gave a residue (about 10 g.), b. p. 145—146°/11 mm. (there 
was no low fraction corresponding to the unchanged A*-ester), dj?” 1-0353, 
n?)” 1-4389, consisting of ethyl 3-ethoxy-3-methylcyclopropane-l : 2-dicarb- 
orylate (V) (Found: C, 58-9; H, 8-8. C,,.H..O,; requires C, 59-0; H, 83%). 
The ester rapidly decolorised Br in CHCl], and on hydrolysis with an excess 
of 10% NaOH aq. and a little EtOH, it gave the ethoxy-acid, m. p. 156° 
(Goss, Ingold, and Thorpe, loc. cit.). 

(ii) The A*-ester was similarly treated, but the reaction product was kept 
at room temp. for 15 mins. only before being worked up as above. The 
neutral ester (d?}* 1-0428, n° 1-4411) again consisted of the ethoxy-ester 
(Found : C, 58-6; H, 8-1%), the addition of EtOH being apparently complete. 

(iii) As (ii), but the mixture was heated under reflux on the steam-bath 
for 15 hrs. The neutral ester again consisted of the ethoxy-ester; the quasi- 
acid product, which gave a deep violet colour with FeCl,, was formed in 
somewhat greater amount. This was combined with that obtained in the 
first experiment and distilled; about 1 g. of a yellow oil was collected at 
140°/11 mm.; this had d?” 1-07, n}?)* 1-4529 and was thus quite different 
from the “labile” ester (see below); it decolorised Br in CHCl, almost 
instantaneously (neither the A*-ester nor the “‘ labile ” ester did so in a control 
expt.), gave a faint colour with FeCl, even after a few days, and was evidently 
not isomeric with the A*-ester (Found : C, 57-4; H,7-7. Cale. for C,,H,,0; 
C, 57-8; H, 7-8%). 

(iv) Na (0-95 g.) was dissolved in 10 c.c. of dry EtOH, the excess evaporated 
under reduced press., dry Et,0 and 10 g. of the ethoxy-ester, prepared as 
described under (i), added, and the whole kept for 2 days; the ethoxy-ester 
was recovered completely unchanged. 

(v) The following expts. were kindly carried out by Mr. E. H. Coulson, 
M.8e.: the “ normal” ester (5 g.), dissolved in 20 c.c, of EtOH, was added 
to 0-6 g. of Na in 20 c.c. of EtOH, and the ester recovered after 5 mins.’ 
keeping at room temp.; it had b. p. 138—140°/28 mm., d%” 1-0608, n?”” 
1-4558. 4-7 G. of the ester so obtained were hydrolysed by boiling with 
aq.-ale. NaOH for 30 mins., the EtOH removed in vac., and the acid (3-12 g.) 
recovered by acidification and continuous extraction with Et,O. It had 
m. p. about 198° and contained 16-3% of ethoxy-acid according to the OEt 
estimation; this agrees with the result of titration (Found: M, 148-5. Cale. 
for 16-3% ethoxy-acid, 149-7). 

Ethozy-acid, m. p. 156°.—The acid obtained in the above expts. was 
evidently identical with that described by Goss, Ingold, and Thorpe; it gave 
levulic acid on boiling with HCl aq. as described by them (semicarbazone, 
m. p. 187°. Found: C, 41-6; H, 6-4. Calc.: C, 41:6; H, 63%). The 
acid, m. p. 156°, when boiled with AcCl gave an anhydride, which solidified 
in an evacuated desiccator; m. p. 49° (Found: C, 56-3; H, 5-8. C,H 0, 
requires C, 56-4; H, 5-8%). 

Reduction of the A*-Ester.—The ester, dissolved in aq. EtOH, was shaken with 
colloidal Pd and gum arabic in H under 2 atms.; the reduction was complete 
in 48 hrs. The catalyst was then coagulated by warming and removed, and 
the ester isolated from the diluted filtrate by means of Et,O. It did not 
decolorise KMnO, and on hydrolysis with ale. KOH gave an acid, m. p. 
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131—132° after two crysts. from AcOEt-C,H,; after being kept for some 
time over P,O,, the acid had m. p. 147° (compare Feist, loc. cit.; Goss, Ingold, 
and Thorpe, loc. cit.) (Found: C, 50-0; H, 5-5. Cale.: C, 50-0; H, 5-6%). 

Ethyl A*-Buiine-ad-dicarborylate (“‘ labile” ester) (VI).—The A?*-ester was 
rapidly distilled in portions of not more than 20 g. over a free flame. The 
liquid first assumed a yellow colour at about 180°; there was usually a flash 
of blue flame above the liquid just before it began to boil. Decomp. set in 
towards the end of the distillation, with the evolution of EtOH (analysed 
and identified) and gases possessing a strong garlic-like odour. The distillate 
was refractionated under reduced press. with a column, the purest “ labile ” 
ester being collected at 137°/20 mm.; it had d??”” 1-0709, n?”” 1-4661, [Rz]p 
61-24. The low fractions obtained were again distilled under atmospheric 
press., more of the required fraction being produced. 

When an attempt was made to distil the A*-ester slowly, a glycerol bath 
being used to maintain a steady temp. and minimise charring, hardly any 
“ labile” ester was obtained, the product, apart from EtOH and gases,.con- 
sisting of an undistillable dark gum giving an intense colour with FeCl. 

We have failed to obtain the “ labile” ester by the action of “‘ molecular ”’ 
K in xylene on ethyl 2 : 3-dibromo-3-methyleyclopropane-1 : 2-dicarboxylate 
as described by Goss, Ingold, and Thorpe; the action was vigorous and 
much decomp. took place, but the neutral material recovered still contained 
a good deal of unchanged bromo-ester. The action of NaOEt was also tried 
without success. 

A specimen of the “ labile” ester, d?} 1-0719, nj?” 1-4650, was kept for 
over 6 months in sealed glass tube; it then had d%” 1-0740, n?)” 1-4649, a0 
that no appreciable change had occurred. It gave no colour with FeCl, 
either before or after the expt. 

Hydrolysis of the “‘ Labile’’ Ester.—The first expts. were conducted with a 
somewhat low-boiling preparation of the “ labile ’ ester, and the cyclopropene 
acid was the principal product isolated; this was not the case when the 
high-boiling fraction was employed. 

(i) With hydrochloric acid. The ester was boiled under reflux with 7 vols. 
of 10% HCl aq. until all the oil had passed into solution (about 1 hr.), and 
the solution evaporated to dryness on the steam-bath. The residue did not 
solidify in a vae. over KOH and on treatment with phenylhydrazine acetate 
gave an immediate ppt. of the phenylhydrazone of levulic acid, fine needles, 
m. p. and mixed m. p, 107—108° after one crystn. from dil. MeOH: the 
semicarbazone was also readily obtained. 

(ii) With potassium hydroxide. The ester (9°6 g.), dissolved in 20 c.c. of 
MeOH, was added to a warm solution of 7 g. of KOH in 165 c.c. of H,O; a 
violent reaction occurred, causing the solution to boil, and a brown colour 
was immediately developed. The solution was warmed for 30 mins., freed 
from MeOH under reduced press., extracted once with Et,O, acidified with 
HCl aq., and repeatedly extracted with a large quantity of EtgO (the acids 
formed are sparingly soluble in Et,O), the extract being dried and evaporated. 
The cryst. residue was a mixture of two acids, which were separated by 
fractional crystn. first from acetone and finally from AcOEt. The less sol. 
constituent was present in very small quantity and separated as a microcryst. 
powder, m, p. 186° (decomp.), probably consisting of the methoxy-acid (VIII) 
(Found : C, 48-4; H, 5-9. C,H,,0, requires C, 48-3; H, 5-8%). 

The more sol. acid, which formed the bulk of the hydrolysis product, 
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separated from AcOEt in flattened needles, m. p. 124—125° (decoimp.), and 
was distinguished by its reaction with FeCl,, a reddish-violet colour being 
produced. It was f-ketoadipic acid (VII) (Found: C, 45-4; H, 5-2. C,H,0, 
requires C, 45-0; H, 50%). The acid reacted with semicarbazide acetate 
with evolution of CO, and the formation of the semicarbazone of levulic 
acid, m. p. 184° after one crystn. from dil. EtOH (Found: C, 41-8; H, 64. 
Calc. : C, 41-6; H, 6-4%). 

Reduction of the “ Labile” Ester.—This was carried out as described on 
p. 2564. The acid obtained on hydrolysis of the reduced ester still reduced 
KMn0O, to some extent. It was recryst. from AcOEt-petroleum and finally 
from acetone; after several crystns., adipic acid, m. p. 149°, representing 
more than half the original product, was obtained and identified by direct 
comparison (Found : C, 49-2; H, 6-8. Calc.: C, 49-3; H, 6-9%). 

Action of sodium ethowide. The expts. were carried out and the products 
isolated as described on p. 2563. Great care must be taken to keep the reaction 
mixture in ice and to add the alc. solution of the ester to the NaOEt a drop 
at a time, otherwise the reaction is very vigorous and much darkening occurs. 
The reaction is complete in about an hr. 

The neutral fraction (75% yield) boiled at 155°/15 mm. and had d?}”” 1-0493, 
nj)" 1-4586, [R,]p 61-9; it consisted of practically pure ethyl B-etnoxy-A*- 
butene-ad-dicarboxylate (IX) (Found: CO, 59-3; H, 8-1. C,,H..0, requires C, 
59-0; H, 8-3%); it gave no colour with FeCl,, rapidly absorbed Br in CHC1,, 
and reduced alkaline KMnQ,. 

The quasi-acid fraction consisted of a few drops of a brown gum giving a 
dirty brown colour with FeCl,. 

No ethoxy-acid was isolated from the acid fraction, but on one occasion, 
when a somewhat low-boiling specimen of “ labile” ester had. been used, 
some of the cyclopropene acid, m. p. 200°, was found. 

Structure of the Ethoxy-ester (IX).—The ethoxy-ester obtained from the 
** labile” ester was hydrolysed with ale. KOH; the acid crystallised from 
H,O in small needles, m. p. 161°, which depressed the m. p. of the isomeric 
acid, m. p. 156°. It did not yield an anhydride on boiling with AcCl for 
some hrs. and rapidly reduced alkaline KMnO, (Found: C, 51:2; H, 6-5. 
C,H,,0, requires C, 51-1; H, 6-4%). 

The acid, m. p. 161°, was boiled with HCl aq. (1:1) for 3 hrs., the liquid 
evaporated, and the residue extracted with Et,0; the extract on evaporation 
gave levulic acid, identified by means of the semicarbazone and the pheny]l- 
hydrazido-phenylhydrazone, m. p. 180° (Found: C, 58-8; H, 6-9; N, 191. 
Calc. : C, 68-9; H, 6-8; N, 18-9%). 

The ethoxy-ester was oxidised by means of O, as described on p. 2563. 
The aq. and the alkaline extracts of the product contained large quantities 
of H,C,0,. The neutral portion (more than 80% yield) had b. p. 103°/14 mm., 
d}}* 1-0501, ni“ 1-4319, and was almost pure ethyl succinate (Found: C, 
54: 8; H, 8-0. "Cale. : C, 55:1; H, 81%). On hydrolysis, succinic acid was 
obtained from it in good yield and in a high state of purity (Found: C, 40°6; 
H, 5-2. Cale.: C, 40-6; H, 5-1%). 

Ozonisation of the “ Labile” Ester.—Many expts. were carried out, of which 
the following is typical. The purest available ester (15 g.) was dissolved in 
AcOEt (90 c.c.) and kept ice-cold while ozonised O, was passed through it 
for a week. After removal of the solvent in a vac., the ozonide was decom- 
posed by shaking with 100 c.c. of H,O over-night, the Et,O-sol. products 
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being repeatedly extracted with Et,0; the extract was washed with 5% 
NaHCO, aq., dried, and evaporated. 

The aq. solution after extraction with Et,O still contained some form- 
aldehyde, which was identified by bubbling H through the warm solution 
and passing the gas through a solution of dimethyldihydroresorcinol; the con- 
densation product, m. p. and mixed m. p. 188°, was obtained in small amount. 

The aq. and the alkaline washings contained AcOH and H,C,0,. 

The neutral extract gave on evaporation of the Et,O a yellow oil, giving a 
faint colour with FeCl, and a marked reaction with sodium nitroprusside. 
With phenylhydrazine acetate the phenylhydrazone (XI) was almost imme- 
diately pptd.; this crystallised from MeOH in orange plates or flattened 
needles, m. p. 120° (Found: C, 65-7; H, 5-5; N, 154. OC. H,.0,N, requires 
C, 65-9; H, 5-5; N, 154%). The filtrate from this phenylhydrazone, when 
heated with a further small amount of phenylhydrazine acetate and kept for 
some time, deposited a second crop of the phenylhydrazone together with 
another solid which could be readily separated owing to its sparing solubility 
in MeOH; it crystallised from much boiling EtOH in reddish-brown plates, 
m. p. 225—226°, and appeared to be the phenylhydrazide of the lower-melting 
compound (XII) (Found: C, 67:2; H, 5-5; N, 19-2. C,.,H.,0,N, requires 
C, 67-7; H, 5-2; N, 197%). 

In later experiments the Et,O solution of the neutral oxidation product 
was washed with ice-cold 5% KOH aq. until it no longer gave a colour with 
FeCl,. The yellow alkaline washings contained a small quantity of succinic 
acid (m. p. and mixed m. p. 185°); the neutral oil still gave a marked reaction 
with sodium nitroprusside and an abundant ppt. of the compound (XI), thus 
showing that the latter is not derived from an enolisable £-ketonic ester. In 
one expt. the neutral product was distilled, but boiled rather indefinitely. 
The fraction, b. p. 110—120°/4 mm., consisted mainly of the diketonic ester 
with some 25% of unchanged initial material (Found: ©, 53-8; H, 6°5. 
Ci9H,,0, requires C, 52-2; H, 6-1%). 

An attempt was made to oxidise the ketonic ester further; the crude ester 
was mixed with 4 times the calc. amount of 10% KOH aq., with the addition 
of enough EtOH to give a homogeneous solution, and the mixture kept for 2 
hrs.; the hydrolysis then appearing to be complete, an excess of 30% H,0, 
was added, and the solution kept over-night. After removal of the EtOH 
under reduced press., the solution was acidified and repeatedly extracted with 
Et,0, which removed a mixture of acids, the principal constituent being 
succinic acid, m. p. and mixed m. p. 185° (Found: C, 40-6; H, 5-1. Cale. : 
C, 40-6; H, 5-0%). 

The ozonisation of the “ labile” ester was repeated in CHCl, solution; the 
O, issuing from the apparatus was passed through two bubblers containing 
H,0. No CH,O was detected in this or in the water used for the decomp. 
of the ozonide. The neutral oil obtained (4-7 g. from 10-3 g. of ester) gave 
no colour with FeCl, and formed an immediate ppt. of the compound, m. p. 
120°, with phenylhydrazine. It was hydrolysed with an excess of 20% KOH 
in MeOH, the MeOH evaporated, the diluted solution extracted with Et,O, 
acidified, and repeatedly extracted with a large quantity of Et,0; on evapor- 
ation of the dried extract a semi-solid mass was obtained, which gradually 
solidified and crystallised from acetone-CHCl, in plates, m. p. 122° (decomp.), 
of 8-ketoadipic acid, recognised by the violet colour it gave with FeCl, (Found : 
C, 45-3; H, 5-2. Cale.: C, 45-0; H, 50%). 
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Action of Alcoholic Sulphuric Acid on the “ Labile’’ Ester.—The expt. was 
carried out exactly as with the A*-ester; the product boiled somewhat 
indefinitely, the greater part at about 126°/11 mm.,d?}” 1-0520, n? 1-4430, 
and instantly decolorised Brin CHCl,. In this respect it resembled the other 
ethoxy-esters described, and analysis clearly shows that it is not isomeric 
with the initial material (Found: C, 58-0, 58-0; H, 7-4, 7:7. Cy H,,0, 
requires C, 60-6; H, 7-8%); we have not yet succeeded in separating the 
constituents of this mixture. 

Methyl 3-Methyl-A*-cyclopropene-1 : 2-dicarboxylate.—The methyl ester of 
the acid, m. p. 200°, was prepared in the same way as the ethyl ester; it had 
b, p. 105°/9 mm., d?" 1-1410, n}?”” 1-4668, [72z]p 41-34 (compare Feist, loc. cit.). 

Action of sodium methoxide. The ester (8-5 g.) was added to a solution of 
1:15 g. of Na in 20 ¢.c. of dry MeOH, and the mixture kept for 2 days at 
room temp.; it did not darken appreciably. A cryst. solid which had 
separated was filtered off and proved to be the methoxy-ester, m. p. 94°; 
the filtrate was worked up as described on p. 2563. The neutral portion of 
the product consisted entirely of the same ester. No quasi-acid portion was 
obtained, The acid portion contained a small amount of solid, m, p. 130— 
132°, probably the hydrogen methyl ester (Goss, Ingold, and Thorpe, loc. cit.). 
No Na derivative was formed. 

“ Labile” Methyl Ester.—The A*-ester was distilled as described on p. 2565; 
there was very little decomposition. The ester on refractionation had b. p. 
106—108°/12 mm., n? 1-1453, ni} 1-4684, [Rz]p 41-40; it was evidently 
largely composed of unchanged A*-ester. It was treated with NaOMe as 
described above and gave the same products, which were doubtless derived 
from the A*-ester contained in it; no Na derivative was formed. 


The authors thank the Royal Society and the Chemical Society for grants, 
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381. TZ'he Action of Sodium Ethoxide on Itaconic, 
Citraconic, and Mesaconic Esters. 


By E. H. Coutson and G. A. R. Kon. 


ALTHOUGH the experiments of Hope (J., 1912, 101, 895) and Ingold, 
Shoppee, and Thorpe (J., 1926, 1477) on the condensation of ethyl 
sodiomalonate with ethyl citraconate or itaconate prove, as the 
latter authors suggest, that tautomeric change in the esters is respon- 
sible for the results obtained, the formation of a condensation 


CH, Me Me 
0-CO,Et (-CO,Et (CO, Et 
CH,:CO,Et CH-CO,Et CO,Et-CH 

(I.) (II.) (III.) 


product cannot be taken as a strict measure of the equilibrium 
established, since this is largely influenced by other factors such as 
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the solubility of the resulting sodio-derivatives. We have therefore 
undertaken a study of the equilibration of ethyl itaconate (I) and its 
a8-isomerides, ethyl citraconate and mesaconate (II and III), under 
Kon and Linstead’s standard conditions (J., 1929, 1269). 

Preliminary tests showed that the pure esters suffer a rapid addi- 
tion of the elements of ethyl alcohol on treatment with sodium 
ethoxide, with the formation of Hope’s ethoxy-ester (ethyl w-ethoxy- 
methylsuccinate). A quantitative technique for the estimation of 
this together with the three unsaturated esters, the latter based on 
Linstead and Mann’s work on the acids (J., 1931, 726), has been 
developed, and its accuracy tested on mixtures of known composition ; 
results accurate to 2% are obtained (Table I). 








TABLE [. 
Composition, %. 

Time, ; . Error, 

No. Ester. mins. Citra. Mesa. Ita. Ethoxy. %. 
1 Citraconic 5 6 26 9 55 —4 
2 - 30 1] 17 -— 71 — | 
3 os 180 12 14 — 76 + 2 
4 a 420 14 10 — 68 — 8 
5 me 2880 4 7 -- 80 — 9 
6 Itaconic 5 7 18 8 63 — 4 
7 Fs 30 16 14 _- 74 + 4 
Ss i 180 14 7 _: 77 — 2 
9 Mesaconic 5 7 33 12 37 —Ill1 
9a Me 5 8 39 11 41 — 1 
10 a 30 7 12 --- 72 — 9 
ll - 180 14 12 -— 74 0 
12 Ethoxy 240 6 10 — 80 — 4 


The addition of alcohol amounts to some 50% at the end of 5 
minutes and reaches a maximum of about 80%, but some unsatur- 
ated ester is always recovered. Treatment of the ethoxy-ester with 
sodium ethoxide leads to a similar mixture and the addition of 
alcohol to these esters is therefore reversible. In all but the shortest 
experiments, the unsaturated ester consists of the two «$-forms 
only (citraconic and mesaconic ester), but a definite, though small, 
amount of ethyl itaconate is isolated in the 5-min. experiments 
(Nos. 1, 6, 9, and 9a). 

The addition of alcohol is so great that the mobility and equili- 
brium in this system can hardly be profitably discussed. The 
mobility must be of a very high order, because equilibration appears 
to be complete in the 5-min. experiments, but the constant removal 
of one of the reaction products in the form of ethoxy-ester must, by 
disturbing the equilibrium, lead to increased mobility. 

The isolation of ethyl itaconate in the experiments of short 
duration, no matter what initial material is employed, shows that 


an equilibrium between the unsaturated esters is actually estab- 
40 





2570 COULSON AND KON: THE ACTION OF SODIUM ETHOXIDE ON 


lished and that the three-carbon change is more rapid than the addi- 
tion of alcohol. The proportion of unsaturated esters present in 
these equilibrium mixtures is roughly 77% a8 and 23% fy (the 
true value is probably even nearer the «8 side, because the ethoxy- 
acid has a slight but appreciable affinity for bromine, 0-9%). On 
the other hand, the equilibrium value can be regarded as giving a 
maximum for the af content, because the effect of addition, by 
artificially removing the Py-form, tends to increase the amount of 
af-form produced. 

In the experiments with ethyl citraconate, the proportion of this 
ester decreases rapidly at first and then rises again, when most of 


the ethyl itaconate present has been removed as ethoxy-ester,. 


whereas the reverse is true of ethyl mesaconate. Since Linstead 
and Mann (loc. cit.) have shown that the interconversion of the corre- 
sponding acids takes place through the intermediate production of 
itaconic acid, it seems likely that the above observation can be 
explained in a similar way and that the change of configuration 
proceeds by way of the more rapid tautomeric change. 

The conclusion of Ingold, Shoppee, and Thorpe (loc. cit.), from 
theoretical considerations, that the equilibrium in the citraconic- 
itaconic system favours the @y-form (compare Shoppee, J., 1930, 
968) should be qualified : it is correct to say that the presence of the 
6-carbethoxyl group confers additional stability on the Sy-form in 
this system as compared with the vinylacetic—crotonic system, in 
which the equilibrium may be supposed to be completely on the 
side of the «$-form (no observations are available regarding the 
esters, but the above inference nevertheless appears to be justified). 

The structure of the ethoxy-ester has been established by Ingold, 
Shoppee, and Thorpe (loc. cit.) by its conversion, through the corre- 
sponding acid, into paraconic acid; the acid, therefore, has the 


constitution (IV). The analogous methoxy-acid was obtained by . 


Hope (loc. cit.) by the same method as the acid (IV) and should there- 
fore have a similar structure : it melts, however, 10° lower than an 
acid of that formula synthesised by Simonsen (J., 1915, 107, 783). 
As Hope’s acid might have the alternative formula (V), the ethoxy- 
acid (IV) was prepared by a modification of Simonsen’s method: 
it was identical with the ethoxy-acid prepared by Hope’s method. 

ows one Brae rae he CHMe(C0,H)-CH(OEt) COR 

. (V.) 


In view of the great mobility of the esters of the itaconic group, it 
appeared possible that they could be alkylated; all attempts to do 
so with ethyl iodide and potassium in toluene or potassium ethoxide 
in ether failed, however, and no-evidence could be obtained of their 
ability to form sodio- or potassio-derivatives. 
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We have also made numerous attempts to equilibrate the three 
isomeric esters under conditions precluding addition of alcohol. 
Heat alone does not cause interconversion, apart from polymeris- 
ation of ethyl itaconate; alcoholic sulphuric acid and alcoholic 
hydrochloric acid are also without effect. 


EXPERIMENTAL. 


Materials.—Itaconic, citraconic, and mesaconic acids were prepared as 
described in “‘ Organic Syntheses” (Vol. 11, pp. 70, 28, 74) and converted 
into the ethyl esters by the procedure of Kon and Watson (this vol., p. 1): 
itaconate, b. p. 117°5°/19 mm., d2” 1-0467, n”" 1-4377, [Rp 46°65; citracon- 
ate, b. p. 122°/21 mm., d2? 1-0491, n®” 1-4442, [R;]) 47-14; mesaconate, 
b. p. 118°/20 mm., d2?*" 1-0453, n? 1-4488, [R;]p 47-74. 

Trial expts. showed that itaconic acid could also be esterified without 
isomerisation by Hope’s method (loc. cit.) (50% yield) or by the Fischer and 
Speier method (64% yield): the latter method was adopted for the prep. 
of the esters in quantity; it gave yields of about 85% when applied to citra- 
conic and mesaconic acids. The purity of the esters was checked by their 
physical properties, by analysis, and by hydrolysis to the acids (see below). 

Ethyl @-ethoxymethylsuccinate, prepared by Hope’s method (loc. cit.) and 
repeatedly fractionated, was obtained in 30% yield, b. p. 137—138°/16 mm., 
ane 10274, n?” 1-4269, [R;]) 57-97 (calc., 57-95) (Found: C, 56-7; H, 8-4. 
Cale.: C, 56-9; H, 8-6%). The ester, on hydrolysis by the standard method 
described below, gave the acid, which had the correct mol. wt. without puri- 
fication (Found: M, dibasic, 175-1. Calc., 176-1) and crystallised from 
Et,0—petroleum in thick needles, m. p. 86° (Found : C, 48-1; H, 6-9. Cale. : 
C,47-8; H,6-8%); it had a Br addition of 0-9% under the standard conditions 
employed. 

Analytical Methods.—It was not found possible to apply iodometric or 
bromometric methods of analysis to the esters themselves. The esters 
could, however, be hydrolysed without change, and the resulting mixture of 
acids analysed by a slight modification of the method used by Linstead and 
Mann (loc. cit.). 

In a preliminary expt., the pure esters were treated with a 10% excess 
of 2N-NaOH diluted with an equal vol. of abs. EtOH and kept at room 
temp. for 24 hrs.; hydrolysis was then complete. The EtOH was removed 
under reduced press., the cale. amount of 2N-H,SO, added, and the 
liberated acids extracted with Et,0. The extract was dried, evaporated to 
a small vol., quantitatively transferred to a tared wide-mouthed flask, and 

evaporated to dryness, first on the steam-bath and finally in a vac. desiccator. 
The pure esters gave the following results : 


Ester. Wt., g. Acid rec., g. Wt., calc. M. pi of acid. 
Itaconic ta 2-28 1-56 1-59 163° 
Citraconic ......... 1-85 1-20 1-29 87 
Mesaconic ......... 3-76 2-51 2-63 202 
Ethoxy ............ 3:26 2-42 2-47 80 


In carrying out the actual analyses, the hydrolysis was conducted as above 
but the EtOH was not removed, the neutralised liquid being steam-distilled 
to remove citraconic acid; the residual acids (itaconic and mesaconic) were 
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then extracted as above and estimated bromometrically (compare Linstead 
and Mann, loc, cit.). The analysis of a mixture of all three esters (itaconate 
14-4, citraconate 51-3, mesaconate 34-3%) gave the following result : itaconate 
15-4, citraconate 44-3, mesaconate 34:8%. 

Owing to the considerable error in the amount of citraconic acid found, 
Linstead and Mann’s procedure was modified, the citraconic acid in the 
steam distillate being neutralised with 15 c.c. of 2N-NaOH. The liquid was 
then evaporated to a small vol., 30 c.c. of N-H,SO, added, and the excess of 
acid titrated with alkali (the addition of excess of acid is necessary owing to 
the formation of bicarbonate in the course of the concen. of the solution). This 
method gave accurate results; ¢.g., 1-17 g. of citraconic acid were dissolved in 
21. of H,O and estimated as above, 1:15 g. being found. Apart from this, 
Linstead and Mann’s method was followed exactly; it was found convenient 
to make a new reference curve for the Br additions. 

Estimation of the Ethoxy-acid.—The ethoxy-acid was not volatile in steam 
and could be estimated by Perkin’s modification of the Zeisel method (J., 
1903, 88, 1369). This was carried out on the crude acid mixture isolated 
after the removal of the citraconic acid, and a titration with N/10-Ba(OH), 
was carried out at the same time; it was thus possible to calculate the quantity 
of the mixed acids necessary to make up an M/15-solution of the unsaturated 
acids for the bromometric estimation, the presence of the ethoxy-acid being 
neglected. As already mentioned, this tends to give slightly high results for 
the By- (itaconic) acid content of the mixture, as the ethoxy-acid has an addi- 
tion of 0-9%. 

An artificial mixture of all four esters (itaconate 15-8, citraconate 40-9, 
mesaconate 29-7, ethoxy-ester 13-6%) was analysed as above with the follow- 
ing result: itaconate 16-7, citraconate 40-1, mesaconate 31-1, ethoxy-ester 
12-5%. 

Equilibrations.—These were carried out as described by Kon and Linstead 
(loc. cit.), and the products isolated in the same way. The principal results are 
in Table I. 

Synthesis of the Ethoxy-acid (IV).—A mixture of 50 g. of ethyl ethane- 
aaf-tricarboxylate (Kay and Perkin, J., 1906, 89, 1640) and 8 g. of ‘‘molecular” 
K in C,H, was kept until the reaction was complete (1 hr.), 40 g. of chloro- 
methyl ethyl ether (“‘ Organic Syntheses,”’ 9, p. 58; EtOH was used in place 
of MeOH) were gradually added, and the mixture was kept in the cold over- 
night. H,O was then added, and the ester isolated from the C,H, solution. 
Two fractions, b. p. 169—174°/21 mm. (28 g.), and 174—184°/19 mm. (23 g-)s 
were obtained, A part of the higher fraction, hydrolysed with KOH, gave an 
acid, m. p. 130—134° (decomp.), which was heated at 140° until the evolution of 
CO, was complete : the residue could not be recrystallised and was evidently 
@ mixture. 

The remainder of the high-boiling tricarboxylic ester was again fractionated, 
the highest-boiling portion (b. p. 167—170°/14 mm.) hydrolysed, the result- 
ing acid heated as above, the crude dicarboxylic acid (2-5 g.) esterified, and 
two fractions obtained by distillation. The higher-boiling (1-2 g.), b. P 
136—140°/14 mm., gave on hydrolysis an acid, m. p. 81—82° after crystn. 
from Et,0—petroleum, mixed m. p. with the pure ethoxy-acid, 84° (Found: 
C, 47-6; H, 6-8; M, dibasic, 175-7. Cale.: C, 47-8; H, 6-8%; M, 176-1). 

Heat Treatment of the Esters.—Ethy] itaconate was boiled under reflux for 
16 hrs. : only a small portion (18%) of the product boiled between 110° and 
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125°/14 mm.; n?’” 1-4444; the remainder was viscous and high-boiling. 
After only 2 hrs.’ boiling, the distillate (50%) consisted of the unchanged 
ester. A similar result was obtained when the ester was heated in a sealed 
tube at 200° for 4 hrs., but the recovery of unsaturated ester, i 1-4396, 
was better. 

Ethyl citraconate, heated in a sealed tube as above or in an atm. of N or 
CO,, underwent no change even in 24hrs. Ethyl itaconate also did not under- 
go any change except polymerisation. Both gave the pure acids on hydrolysis. 
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382. Hxperiments on the Constitution of the Aloins. 
Part 111. 


By R. 8. Cann and J. L. SumonseEn, 


Waist accepting Léger’s empirical formula, C,)H,,0,, for barbaloin 
(inter alia, Ann. Chim., 1916, 6, 318; 1917, 8, 265), Gibson and 
Simonsen (J., 1930, 553) concluded that the product obtained 
therefrom by means of bromine-water was the trihalogeno-com- 
pound, C,,H,,0,Br,, the corresponding chloro-derivative being 
C,,H,,0,Cl,. Without advancing any new experimental evidence 
or offering an adequate explanation of the analytical discrepancies, 
Léger recently (Bull. Soc. chim., 1931, 49, 70) criticised this con- 
clusion on the ground that these substances are oxidised by sodium 
peroxide to tetrabromo- and tetrachloro-aloe-emodin. This ob- 
jection has been apparently strengthened by our observation that 
tribromopenta-acetylnorbarbaloin * is oxidised by chromic acid 
to tetrabromotriacetylaloe-emodin. In all these cases, however, 
the yield is very poor (cf. p. 2582), and in view of the well-known 
mobility of halogens we do not consider that the formation of the 
tetrahalogenated aloe-emodins can be considered to be a valid 
objection to the composition assigned to the parent halogen deriv- 
atives, the more so since we have been able to confirm < nclusively 
the formula assigned to tribromonorbarbaloin. When tribromo- 
norbarbaloin pentamethyl ether is treated with piperidine under 
the conditions described on p. 2582, it is partially demethylated (cf. 

Cahn, J., 1931, 1121), yielding a trimethyl ether, which, unlike the 
pentamethyl ether, is crystalline. Analyses of this substance 

agree only with the formula C,,H,,0,Br,(OMe),, and there can, 

therefore, no longer be any doubt that tribromonorbarbaloin must 

be C,,H,,0,Br,; by analogy, the chloro-derivative is C,,H,,0,C\,. 

* In the light of the formule developed in this paper, the correct name 


for this substance is tribromopenta-acetylbarbaloin, but to prevent confusion 
the name used in the previous communication is used here also, 
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The successful methylation of the bromo-derivatives led us to 
attempt once more that of barbaloin itself, in spite of the failures 
previously reported (Jowett and Potter, J., 1905, 87, 878; Robinson 
and Simonsen, J., 1909, 95, 1085). We now find that repeated 
treatment with Purdie’s reagent gives an excellent yield of a colour- 
less, crystalline substance, m. p. 177—179°, which is either a penta- 
methyl or a heptamethyl ether, C,,H,,0,(OMe), or Cy9H,,0,(OMe),. 

Whilst these experiments were in progress, Hauser (Pharm. 
Acta Helv., 1931, 6, 79) reported the fundamental observation 
that digestion of barbaloin with borax solution gives aloe-emodin- 
anthranol, C,,H,O(OH),. Rosenthaler (ibid., 1930, 5, 59; 1931, 
6, 115; 1932, 7,19; Arch. Pharm., 1932, 270, 214) considers this 
reaction to be a simple hydrolysis of barbaloin to arabinose and 
the anthranol; he thus assigns formula (I) to barbaloin, which he 
considers to be C,9H,0,. He suggests that barbaloin crystallises 


O 


QH-(CH-OH),CH-CH,-OH 
O 


OH C OH 
Denon 
JA_ J 0H 
‘H 


with 1-5H,O, although his own analyses do not conclusively support 
this view, and he offers no explanation of the disagreement with 
the many previously reported analyses of barbaloin and its deriv- 
atives which adoption of this new formula would entail. We have 
confirmed the production of the anthranol; its formula has been 
confirmed by analysis and by reduction to the dihydro-derivative, 
C,;H,,0,.. We also find, however, that the borax fission yields 
methyl aleohol; arabinose is not formed, nor is formaldehyde or 
formic acid. 

The three sets of observations recorded above led us to make 
comprehensive survey of the evidence upon which the formula of 
barbaloin is based. It would appear at first sight that molecular- 
weight determinations should determine whether the formula of 
barbaloin has 16 or 20 carbon atoms. However, the results obtained 
by different investigators are contradictory, and for some reason, 
still to be explained, barbaloin and its derivatives behave abnormally 
in solution. Thus Jowett and Potter (loc. cit.) and Aschan (Arch. 
Pharm., 1903, 241, 346) record values in agreement with the formula 
C1¢H1,0, (M, 322). Dr. Soper has ¢arried out in these laboratories 
a series of very careful cryoscopic determinations, using a sealed 
apparatus which precluded all possibility of vitiation of the results 
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PART II. 


by atmospheric moisture; he found the molecular weight of care- 
fully dehydrated barbaloin to be 361-4 in acetic acid and 269-0 
in phenol. By the ebullioscopic method, Seel and Kleber (Ber., 
1916, 49, 2364) obtained values in agreement with a C,,) formula 
when acetone was used as solvent, but record the remarkable 
observation that no elevation of the boiling point occurs at all 
when acetic acid or ethyl acetate is used. The halogen derivatives 
give equally contradictory results. The formula, C,,H,,0,Brs, 
for tribromonorbarbaloin is confirmed by cryoscopic determinations 
in phenol (Jowett and Potter) and by ebullioscopic determinations 
in acetone (Sugden). On the other hand, Professor Sugden obtained 
results for the penta-acetyl derivatives of tribromo- and trichloro- 
norbarbaloin agreeing with the C,, formula. The methyl ether 
has been found by Professor Sugden by the ebullioscopic method, 
using acetone, and by Dr. Soper by the cryoscopic method, using 
acetic acid, to have a molecular weight of about 500, which would 
derive it from the C,, formula. The association of methyl ethers 
is unusual, but it is noteworthy that it has been recently observed 
for octamethyleellobiose and endecamethylcellotriose (Ullmann 
and Hess, Naturwiss., 1932, 20, 316). Although it is permissible to 
explain the high molecular weights by association, we consider that 
it would be dangerous to base any conclusions on these results 
and prefer, therefore, tc consider only the direct chemical evidence. 

It. is convenient to examine first the evidence which may be 
regarded as supporting the C,, formula, viz.: (i) the oxidation of 
the trihalogeno-norbarbaloins to tetrahalogenoaloe-emodins; (ii) 
the formation of tribromobarbaloin, m. p. 291°, by bromination 
in hydrobromic acid solution; (iii) the conversion of barbaloin 
into aloe-emodin and arabinose by acids; and (iv) the formation 
of aloe-emodinanthranoi by the action of borax. 

The first of these points has been dealt with already and is re- 
ferred to again below. Analyses of tribromobarbaloin, m. p. 291°, 
undoubtedly agree with a C,) formula, if the simple molecular 
weight be assumed, and this evidence led Gibson and Simonsen 
(loc, cit.) to retain Léger’s formula. This substance, however, 
differs completely in properties from all other aloin derivatives, 
and Léger is quite possibly correct in suggesting that it is a con- 
densation product, perhaps of dianthraquinonyl] type, rather than 
atrue derivative of barbaloin. It has resisted our repeated attempts 
at degradation, and we can, as yet, offer no suggestion as to its 
true nature. 

The conversion of pure barbaloin into arabinose and aloe-emodin, 
the fundamental basis of Léger’s formula, occurs in such poor 
yield and only under such abnormal conditions (viz., boiling for 
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one hour and keeping for several months) that in our opinion it 
cannot be a simple hydrolysis either of a glycoside or of an ether. 
The formation of arabinose in this reaction and of aloe-emodin 
and its derivatives in this and other degradative reactions indicates 
the presence of potential anthraquinone and pentose units in the 
barbaloin molecule, but it does not of necessity imply that they 
are present as such, as has been assumed by the advocates of the 
Cyo formule. Our failure to isolate arabinose from the products 
of the borax fission appears to us to destroy the value of this re- 
action as an argument in favour of Léger’s formula. 

On the other hand, the evidence against a Cy) formula is over- 
whelming, and we revert now to the formula C,,H,,0,, originally 
proposed by Tilden (J., 1872, 25, 204; 1875, 28, 1275; 1877, 32, 
267). First, barbaloin methyl ether is colourless, whereas it would 
be expected to be yellow on Léger’s or Rosenthaler’s formula. 
Secondly, the halogenonorbarbaloins are derived from a parent sub- 
stance, C,,H,,0,(OH),, whilst aloe-emodinanthranol is C,;H,O(OH),. 
The conversion of Cy 9H,,0,(OH), (Léger) or C,. .H,,0,(OH), 


(Rosenthaler) into these substances involves loss in one case of - 


C,0, or C,H,O, one hydroxyl group disappearing, and in the other 
of C;H,O, or C;H,O,, three hydroxyl groups disappearing. We 
are unable to see how any formula can be devised which will allow 
both changes to be represented intelligibly. 

The analytical evidence is equally conclusive. The following 
results for our highly crystalline barbaloin methyl ether, which 
does not retain solvent, are characteristic : 


Cale. for 
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Rosenthaler’s formula is definitely excluded, Léger’s somewhat 
less definitely. We do not consider our three analyses are open 
to question, since they were made with three distinct specimens; 
the first two are micro-analyses by Dr. A. Schoeller, Berlin (to 
whom also the methoxyl determination is due), and Mr. Boston, 
Liverpool, and the third is a macro-analysis by one of the present 
authors. It is unnecessary to tabulate the analyses of barbaloin 
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and its derivatives already recorded in the literature. Jowett 
and Potter’s careful work strongly supports Tilden’s formula, and 
examination of Léger’s results reveals the remarkable fact that 
his analytical figures for barbaloin and the numerous derivatives 
prepared by him are on the average 1 unit, % high in C and H for 
his formula, C,,H,,0,, but agree perfectly (with one exception, 
a halogen derivative) for Tilden’s formula, C,,H,,0,. 

So far as we have been able to discover, there is no chemical 
evidence directly contrary to the C,, formula, if we exclude the 
tetrahalogenated aloe-emodins, and we shall proceed now to discuss 
the structural formula to be assigned to barbaloin on this basis. 
It must satisfy the following requirements: (i) it must contain 
five hydroxyl groups and probably a carbonyl] group, since barbaloin 
pentamethyl ether yields a red amorphous derivative with 2: 4- 
dinitrophenylhydrazine ; (ii) it must contain a phenolic hydroxyl 
group (aromatic ring), as barbaloin is soluble in alkali and gives 
a colour with ferric chloride; (iii) it must allow of the formation 
by mild hydrolysis of aloe-emodinanthranol and methyl] alcohol ; 
and (iv) it must permit fission to aloe-emodin and arabinose. 

The simplest degradation product of barbaloin is undoubtedly 
the anthranol, the reaction being represented by the equation: 
C,,H,,0, —~> C©,;H,.0, + MeOH + H,O +0. The yield of 
anthranol is poor, but it can be increased appreciably, in agree- 
ment with this conception of the nature of the reaction, by addition 
of hydrazine as oxygen acceptor. In the absence of hydrazine 
there is probably a larger amount of intermolecular disproportion- 
ation, and these side reactions may account for the resinous by- 
products which are always formed along with the anthranol. It 
is of interest that Rosenthaler suggested the addition of pheny]l- 
hydrazine, although he does not report any improvement in the 
yield. It is obvious that the anthranol may be represented by 


CO, AE CH QH 
64 on -OH Or: YC revon 
CH,” II.) ‘co (ILL.) 

OH OH 


CO. 
@ ah 5 av.) 
CH,” We 


either (II) or (III), and in agreement with Rosenthaler (loc. cit.) 
we regard (II) as most probably correct, since the compound gives 


almost instantaneously a dark insoluble derivative with boroacetic 
402 
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anhydride. Barbaloin itself gives a similar derivative, but very 
much more slowly; due, we believe, to the gradual formation of 
the anthranol. It is perhaps not without significance that Naylor 
and Garner (J. Amer. Chem. Soc., 1931, 53, 4114) have recorded 
the isolation of (IV) from commercial chrysarobin. On the basis 
of formula (II) for the anthranol, we suggest for barbaloin itself 
the representation (V), which comparatively readily explains all its 
reactions. The conversion into the anthranol might then proceed 
in accordance with the scheme : 
0 OH 

co CH-OH OH ree) | CH-OH 
Ay \o “NOE: OH |™° ANS ae \ou- -OH 
\4A Ni ae" \N, iT Nein CH,-OH 

V.) 
OH Me OH Me 


ng 


CH ye 





We have, of course, no evidence of the order in which these changes 
occur, but we suggest that the addition of hydrazine is of value in 
increasing the yield by reducing the hydroxyanthrone (VI) at 
some stage in the reaction. 

It will be agreed that this formula accounts readily for the form- 
ation of aloe-emodin and rhein by the action of oxidising agents, 
since elimination of the methyl group will in all cases cause the 
hydroaromatic ring to become aromatic by loss of water. It 
accounts also for the fact that barbaloin pentamethyl ether on 
oxidation with potassium permanganate yields rhein dimethyl 
ether and not aloemodin trimethyl ether, the formation of which 
would be anticipated if the -CH,OH group had been methylated 
in the parent ether. Further, we have now found that ferric 
chloride readily oxidises barbaloin, giving aloe-emodin in a yield 
of 70%, so that this is now a comparatively readily accessible 
substance. This oxidation is likewise in accord with the suggested 
formula, since ferric chloride is one of the most useful reagents 
for the aromatisation of hydroaromatic rings. 

The suggested formula contains a preformed pyran ring, the 
degradation to arabinose involving the fission of C—C linkings 4s 
indicated by the dotted lines in (VII). We admit that we can 
point to no close analogy for a ring fission of this type, but the 
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reaction leading to arabinose is so unusual and the yield so poor 
that we do not regard it as inherently impossible. 


O 





OH CO, CH-OH 


<(/ \CH-OH 
\ ESM (OH)—CH, 
cH | CH, 


OH Me (VU.) 

The distribution of the alcoholic hydroxyl groups in (V) is ad- 
mittedly somewhat hypothetical. It is based essentially on the 
following considerations: (a) hydroxyl groups must be present 
in the 1 : 8-positions in which they appear in aloe-emodin; (6) the 
formula must include a potential pentose unit; (c) elimination of 
water from the right-hand ring must give a mono- and not a di- 
hydroxylic aromatic ring; and (d) the hydroxyl group on the 
meso-carbon atom most readily accounts for the increased yield 
obtained when a reducing agent is added in the borax fission. A 
hydroaromatic ring of the type formulated would undoubtedly be 
extremely unstable and reactive, and it is probably the cause of 
the formation of the “ aloin red” and the “ aloin black,” which 
have been so frequently described. The “ aloin red” resembles 
in its general properties the phlobaphenes, which are probably in 
many cases catechol condensation products, and it is clear that 
catechol or a substituted catechol might under certain conditions 
be formed from barbaloin if the suggested formula be accepted. 

We have no direct evidence enabling us to assign a formula to 
tribromonorbarbaloin, but we consider that it is most probably 
represented by (VIII). On oxidation this would undoubtedly 
partially undergo complete degradation, and the primary product 
of the oxidation, tribromoaloe-emodin (IX), would then be further 
brominated by the liberated bromine to yield the tetrabromoaloe- 
emodin (X). An attempt to convert tribromonorbarbaloin into 
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an anthranol by borax was unsuccessful, the bromide being re- 
covered unchanged. 

It will be seen that the formula now proposed for barbaloin can 
be constructed from one hexose and two isoprene units, as indicated 
by the dotted lines in the skeleton formula (XI). If further work 
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should substantiate the formula now assigned to barbaloin, the 


Not 


chemistry of synthetic purgatives will require reconsideration, , 


and we venture to suggest that an essential feature of their structure 
will prove to be an oxide ring. 


ExPERIMENTAL. 


Barbaloin Pentamethyl Ether.—To a soln. of barbaloin (19 g.) in dry acetone 
(150 e.c.), MeI (200 g.) and Ag,O (from 145 g. of AgNO,) were gradually added, 
the mixture being heated on the water-bath for 10 hrs. The solvent was 
removed from the filtered solution and the resinous residue dried in vac. over 
H,SO,, redissolved in acetone, and treated with a further quantity of Mel 
(100 g.) and Ag,O (from 70 g. of AgNO,). The resin recovered from this 
methylation was now sol. in Mel and it was further methylated with the same 
quantity of reagents as used in the previous case, but the acetone being 
omitted. After completion of the reaction, acetone was added, the soln. 
filtered, the solvent and excess of MeI removed, and the residue dissolved 
in C,H,. Crystals (2 g.) were slowly deposited, and a further quantity was 
obtained when the filtrate was allowed to evaporate slowly in vac. _Complete 
removal of the solvent gave a yellow gum, from which a further quantity of 
the Me ether was prepared by renewed methylation. Barbaloin pentamethyl 
ether (total yield, 13-8 g.) crystallises from abs. EtOH im highly iridescent, 
colourless, glistening prisms, m. p. 177—179° after sintering at 175° (analytical 
data on p. 2576); in CHCl, (c = 1-40) [a];4,, — 12-05°. In the earlier expts. 
it was found convenient to control the methylation by determination of the 
rotatory power, which gradually fell from [a];4,, — 32° after one treatment 
with Mel to — 12-5°. The ether is readily sol. in acetone, CHCI,, AcOH, 
AcOEt, in hot C,H,, MeOH, and EtOH, but sparingly so in the last three 
solvents when cold; it is very sparingly sol. in H,O, Et,O, cyclohexane, and 
ligroin. In EtOH it gives no colour with FeCl,; it is stable to KMnO, in 
acetone and is not attacked by CrO, in hot AcOH. In CHCl, it readily 
absorbs Br with evolution of HBr, but the Br-derivative is a gum. When 
it was digested with FeCl, at 125—130° in aq. AcOH for 5 hrs., some resinifie- 
ation occurred, but the bulk of the ether was recovered unchanged. The 
ether reacted with 2: 4-dinitrophenylhydrazine and with NH,OH; the pro- 
duct with the former reagent was a bright scarlet powder, readily sol. in most 
org. solvents, whilst the latter gave a pale yellow gum, readily sol. in H,0. 
It did not react with semicarbazide acetate. When it was heated with piper- 
idine, resinification took place and a homogeneous product could not be 
isolated. 
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Oxidation of Barbaloin Pentamethyl Ether with Potassium Permanganate.— 
The ether (3-4 g.) was made into a paste with hot H,O, and KMnQ, aq. (2-5%; 
365 c.c.) gradually added to the mixture which was warmed on the water- 
bath. The MnO, sludge was removed, and the bright yellow filtrate con- 
centrated; the sparingly sol. K salt, which separated in soft yellow needles, 
was collected, redissolved in hot H,O, and the soln. acidified. The yellow 
solid thus obtained (0-95 g.) crystallised from EtOH in yellow needles, m. p. 
283—-284°, and was identified as rhein dimethyl ether by a mixed m. p. 
determination and by esterification to methylrhein dimethyl ether, m. p. 
183—185°, alone or in admixture with an authentic specimen. A further 
quantity of the ether (0-9 g.; total yield, 77%) was obtained from the original 
filtrate. 

Aloe-emodinanthranol.—This was prepared by Hauser’s method (loc. cit.) 
(yield, 1-1 g. from 10 g. of barbaloin), but a somewhat improved yield (1-8 
g.) was obtained if N,H, (1 g.) was added to the borax soln. prior to digestion. 
In two expts., steam was passed through the boiling soln. and the distillate 
tested for the presence of MeOH, which was detected by Denigés’s method 
(Compt. rend., 1910, 150, 832, 529). Aloe-emodinanthranol crystallised 
from AcOH in yellow needles, m. p. 199° (Found: C, 70-3, 70-0; H, 4-8, 
46. Cale. for C,;H,,.0,: C, 70:3; H, 4:7%). In EtOH the anthranol 
gives with FeCl, a reddish-brown colour, which disappears on warming. It 
dissolves in H,SO, to a reddish-yellow, strongly fluorescent soln., whilst in 
HNO, the soln. is yellow, changing to pink when kept. The yellow soln. in 
alkali is not fluorescent at first, but becomes so when kept for a few mins., 
the fluorescence gradually fading on exposure to air as the reddish-violet 
colour due to formation of aloe-emodin appears. The formation of aloe- 
emodin by aerial oxidation of the anthranol in alk. soln. was confirmed by 
its isolation and conversion into its Ac derivative, m. p. 176—177°. When 
the anthranol (0-29 g.) in Ac,O (2 c.c.) was treated with boroacetic anhydride 
{0-29 g.), no colour developed in the cold, but 15 secs.’ warming on the water- 
bath caused appearance of an intense purple colour and separation of a dark 
insol. solid. An attempt to isolate this substance was unsuccessful. When 
the anthranol was methylated with Me,SO, and K,CO, in acetone in an atm. 
of N, a yellow resin was obtained which could not be crystallised. It gave 
rhein dimethyl ether when oxidised with KMnQ,. 

Dihydroaloe-emodinanthranol.—Aloe-emodinanthranol (3  g.), Pd—norite 
(10%; 1 g.), and H,O (40 ¢.c.) were mixed in the reduction vessel and, after 
displacement of the air by H, KOH aq. (20%; 10 c.c.) was introduced. The 
absorption of H (240 c.c.; cale., 248 c.c.) was slow and ceased after 22 hrs. 
The sparingly sol. K salt, which had separated, was collected, washed with 
AcOK soln., and dissolved in much hot H,O, whence acid pptd. a solid (0-9 
g.). Dihydroaloe-emodinanthranol crystallised from AcOH or AcOEt in 
glistening, golden plates with a bronze reflex, m, p. 180° (Found: C, 69-8; 
H, 5-8. C,,H,,O0, requires C, 69-8; H, 5-4%). The dihydroanthranol gives 
with H,SO, containing SeO, a port-wine colour, changing to purple and then 
to green on warming. Attempts to prepare a cryst. Ac derivative were 
unsuccessful. 

Oxidation of Barbaloin with Ferrie Chloride.—A mixture of barbaloin (10 g.), 
FeCl, (50 g.), and H,O (150 c.c.) was heated under reflux at 115° for 15 mins. 
and then at 125° for 6 hrs. The brown solid (6-7 g.), which separated from 
the cooled solution, was collected, dried, and extracted with boiling C,H,, 
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and on cooling aloe-emodin crystallised (yield 70%)—identified by m. p. 
218° and by conversion into Ac derivative, m. p. 176—177° (Found: C, 
63-3; H, 3-9. Cale. for C,,H,,O,: C, 63-6; H, 40%). 

Oxidation of Penta-acetyltribromobarbaloin (Penta-acetyliribromonorbarbaloin) 
with Chromic Anhydride.—To a soln. of the Ac derivative (5 g.) in Ac,O (30 
e.c.), CrO, (8 g.) in AcOH was gradually added, the oxidation proceeding 
readily at 80—90°. On standing in the cold, a yellow cryst. solid (0-2 g.) 
separated slowly. This was collected and repeatedly recryst. from AcOH- 
Ac,O, in which it was very sparingly sol. Triacetyltetrabromoaloe-emodin 
separated in yellow nodules, decomp. 291—292° (Found: C, 35-4; H, 1-9. 
C,,H,,0,Br, requires C, 35-4; H, 17%). Tetrabromoaloe-emodin, prep, 
by hydrolysis of the Ac, derivative, crystallised from CHCl, in bright red 
prisms, m. p. 272° (Léger, m. p. 264—266°) (Found: C, 30-7; H, 1-2; Br, 
54-5. Calc. for C,,H,O,Br,: C, 30-7; H, 1:0; Br, 546%). The original 
AcOH mother-liquor from which the Ac, derivative had separated gave on 
dilution with H,O a yellow solid (1-8 g.). From this a further quantity (0-1 
g-) of the Br,-derivative was separated by crystn. from AcOH, the mother- 
liquor yielding a small amount of a colourless solid cryatallising in well-defined 
plates, m. p. 272°. Sufficient was not obtained for analysis. 

Action of Piperidine on Tribromobarbaloin (Tribromonorbarbaloin) Penta- 
methyl Ether.—A mixture of the Me, ether (1-8 g.) and piperidine (3-6 c.c.) 
was heated on the water-bath for 1 hr., an orange solution resulting. The 
solid obtained by addition of H,O and acidification was collected, ground 
with NaOH aq., and filtered off, the residue (A) being well washed with H,0. 
Acidification of the alk. filtrate pptd. a phenol (0-135 g.), a further quantity 
(0-2 g.) being obtained when the solid (A) (1-3 g.) was heated with piperidine 
(3 c.c.) for 3 hrs. on the water-bath. T'ribromobarbaloin trimethyl ether crystal- 
lised from C,H, in a mixture of yellow plates and needles, the former separating 
on rapid cooling and slowly passing into the latter; decomp. 260° after sinter- 
ing at 250°. The two fractions of the ether were analysed [Found : C, 38-2, 
38-4; H, 3-5, 3-4; Br, 39-8, 39-6; OMe, 15-4, 13-4. C,,H,,0,Br,(OMe), 
requires C, 37-9; H, 3-5; Br, 39-9; OMe, 155%]. A cryst. Ac derivative 
could not be prepared. 


The authors’ thanks are again due to Messrs. Burroughs Wellcome and 
Co., and to Dr. H. A. D. Jowett for a generous gift of barbaloin; they are 
indebted to Professor S. Sugden and Dr. F. G. Soper for determinations of 
molecular weights and to the Chemical Society and Imperial Chemical Indus- 
tries for grants which have defrayed the cost of the investigation. 
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383. Liquidus and Solidus Studies in the Ternary 
System Composed of the Nitrates of Potassium, 
Sodium, and Lead. 

By Kenneta LAyBouRN and Water M. Maper. 


THE binary system KNO,—NaNO, has been shown to form a com- 
plete series of solid solutions (Madgin and Briscoe, J., 1923, 123, 
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1608, 2914). Earlier workers (see idem, ibid.) have disagreed with 
this view, and, more recently, Freeth (J. Physical Chem., 1925, 29, 
497) has stated that thermal analysis is inconclusive in deciding 
the nature of the binary system. Tammann (Z. anorg. Chem., 
1931, 197, 65) has since concluded that a complete series of solid 
solutions is formed at higher temperatures, but that segregation 
occurs on cooling. 
Fia. 1. 


Freezing point-composition diagrams for the system 
Pb(NO;),.-KNO,—NaNQ,. 
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KNO,, % by weight. 
Contents (%) of Pb(NOs;), : 
Graph No. 1, 0; No. 2, 10; No. 3, 20; No. 4, 30; No. 5, 40; No. 6, 50; 
No. 7, 60. 

The principle of Schreinemakers (see Bancroft, J. Physical Chem., 
1902, 6, 178) could be applied in determining the nature of the solid 
phases separating from this binary system by the addition of a third 
inert substance. It has been shown recently (Glass, Laybourn, and 
Madgin, this vol., p. 874) that lead nitrate is inert towards the two 
alkali nitrates, and, accordingly, a study of the ternary system of all 
three nitrates has been undertaken. 

Ternary systems involving sodium and potassium nitrates have 
been investigated by Menzies and Dutt (J. Amer. Chem. Soc., 1911, 
33, 1366) and by Harkins and Clark (ibid., 1915, 37, 1816), but the 
diagrams of these authors agree with those of Carveth (J. Physical 
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Chem., 1898, 2, 209) in showing eutectic minima for the binary 
system NaNO,-KNO,. It was therefore considered desirable to 
determine the positions of the various isotherms and the nature of 
the liquidus surface before proceeding to the investigation outlined 
above. The method employed to determine the liquidus surface 


Fic. 2. 


Freezing point—composition diagrams for the system 
Pb(NO,).-KNO,—NaNQO,. 
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Graph No. 8,0; No. 9,10; No. 10, 20; No. 11, 30; No. 12, 40; No. 13, 50; 
No. 14, 60; No. 15, 70; No. 16, 80; No. 17, 90. 





was essentially the same as that of Menzies and Dutt (loc. cit.) and 
involved the determination of a series of curves each of which gives 
the freezing points of mixtures containing a constant percentage of 
one component with varying proportions of the other two com- 
ponents (see, ¢e.g., Figs. 1,2,and 3). Avery large number of freezing 
points has been determined with the object of defining exactly the 
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forms of the individual curves, since insufficient attention has 
hitherto been given to this important matter : for instance, Harkins 
and Clark (loc. cit.) were probably misled by the insufficiency of 
their data in their series of curves for constant percentages of barium 
nitrate (loc. cit., p. 1822). From the freezing-point curves now 


Fria. 3. 


Freezing point-composition diagrams for the system 
Pb(NO;),-KNO,—NaNO3. 
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determined, the various isothermal lines for the ternary system have 
been deduced, and, in addition, the solid phases separating under 
several isothermal conditions have been examined in order to settle 
the nature of the three possible binary systems. 


EXPERIMENTAL. 


Purification of materials and determinations of f. p.’s for various mixtures 
were carried out as described by Glass, Laybourn, and Madgin (loc. cit.). The 
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decomp. of Pb(NO,), (ibid.) limited the present investigations to mixtures 
containing no more than 60% of this salt. 

Freezing Points and Isotherms for Ternary Mizxtures.—The f. p.’s of 70 
different ternary mixtures have been investigated. The compositions of these 
mixtures were chosen from the crossing points on a triangular diagram similar 
to that used by Menzies and Dutt (loc. cit., p. 1370), but in the present work the 
number and dispositions of the points were different and were chosen with 
special reference to the objects of this investigation, viz., the nature of the 


Fia. 4. 
Freezing point isotherms in the ternary system 
Pb(NO,),-KNO,—NaNO, . 
(10° Intervals.) 
Pe(ro,), 
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binary systems. A small triangular diagram, showing the points, is inset in 
Fig. 4. The f. p. data now determined are shown in Figs. 1, 2, and 3, which 
are vertical sections of a solid model of the liquidus surface. 

Isothermal lines were drawn across Figs. 1, 2, and 3, and thus the curves 
were intersected by each line in a succession of points giving the composition 
of mixtures having the same f. p.’s. The data thus obtained are translated 
into an isothermal diagram in Fig. 4. 

Mizxture of Lowest Freezing Point.—By plotting the temps. and com- 
positions corresponding to the min. points on Figs. 1, 2, and 3, three distinct 
lines are obtained intersecting in a point. These lines represent the two 
eutectic troughs AZ and BH (Fig. 5, inset) and the min. points in the solid 
solution basin CE ; the point EZ represents the mixture of lowest f. p. in the 
ternary system. With the composition of this mixture thus approx. deter- 
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mined, the f. p.’s of 12 mixtures, differing from it only slightly in composition, 
were investigated, and in this way the lowest ternary f. p. and the corresponding 
composition were accurately located. A melt of the composition thus deter- 
mined gave on freezing a solid phase of practically the same composition (see 
table)—a characteristic of a pure eutectic. 


Liquid phase, Solid phase. Liquid phase. Solid phase. 
PR(NO,),, KNO,  Pb(NO,, KNO,, Pb(NO,),, KNO,  Pb(NO,),, KNO, 
%o- %: %- %: %- %- %- %o- 
A. Mixtures located on the isotherm B. Miztures located on the isotherm 
200°. 230°. 
37-62 37°23 76-21 13-86 26-28 57-52 13-01 75-07 
37-41 37-20 75-60 15-18 10-21 60-89 4-32 71-98 
40-80 44-13 78-36 16-03 49-12 43-20 82-10 15-21 
40-63 44-14 75:97 18-21 
25-20 44-81 10-10 48-39 C. Mixtures located on the isotherm 
28-22 38-90 15-11 36-57 260°. 
28-22 38-71 14-01 36-99 44-26 15°57 16-97 6-31 
30-71 49-65 14-25 65-00 15-06 29-42 5-96 13-81 


50-16 31-24 80-14 12-63 
D. Mixture of minimum f. p., 185-6°. 36-41 11-26 19-02 7-03 
33°07 44-10 33°78 44-36 


Examination of Solid Phases.—The compositions of the solid phases separat- 
ing from mixtures lying on the isothermals 200°, 230°, and 260° have been 
determined by a modification of the method described by Madgin and Briscoe 
(loc. cit.), their apparatus having been altered in the following respects: (a) 
A nest of Pyrex beakers, wound with resistance wire, replaced the one beaker A, 
and the innermost beaker contained the melt. This furnace gave an improved 
temp. control. (b) A closely-fitting, thick (1’’) asbestos stopper replaced the 
double lid F. (c) The tube G was replaced by a plunger tube with a draining 
platform and two gutters, to run off mother-liquor; such a platform is 
necessary to prevent deposited solid from sliding back into the melt. 

When in use, the whole of this apparatus was enclosed by an asbestos 
cupboard provided with two small doors through which to observe the melt 
and read the thermometers. In this way loss of heat was minimised and 
a const. temp. (-- 0°5°) could be maintained. 

For each solid-phase determination, 500 g. of melt were prepared in the 
innermost beaker, exactly as described by Laybourn and Madgin (this vol., 
p. 1361). The composition of such a melt was made up exactly to conform to 
the appropriate isotherm (200°, 230°, or 260°) so that, on cooling, solid did not 
separate until the required temp. was reached. Since this temp. was main- 
tained const. only a small amount of solid could separate. In each expt., the 
temp. was first raised to some 30° above the f. p. of the melt, and the plunger 
was slowly lowered into the melt until the surface of the liquid just covered 
the platform. By regulating the external resistance, the temp. was now allowed 
to fall very slowly (3° per hr.) until the f. p. was reached. The temp. was then 
maintained const. for 6 hrs. so that a very small ring of solid separated on the 
platform, and the plunger was then raised until the tips of the gutters just 
remained in contact with the melt surface. The temp. was raised by 4—5°. 
Under these conditions, efficient drainage of mother-liquor from the solid 
occurs, due largely to surface-tension effects caused by the tips of the draining 
platform just touching the liquid surface. After draining for about 12 hrs., 
the plunger was removed from the apparatus and allowed to cool in a desiccator. 
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Simultaneously, a duplicate sample of the melt was withdrawn in previously 
heated glass tubes. The amount of solid deposited on the plunger never 
exceeded 4 g., and as this could have no appreciable effect on the composition 
of the 500 g. of melt, true equilibrium may be considered to have existed, 
The use of more than one heated beaker prevented a deposit from forming on 
the walls of the inner beaker concurrently with the deposition on the plunger. 

Both the melt samples (liquid phase) and the solid from the plunger (solid 
phase) were analysed for K (as KCIO,, Pb being first removed by pptn. as 
PbS), and for Pb (as PbCrO,); Na was cale. by difference. The results of 
these analyses are given in the table and plotted in Fig. 5, which shows, for 


Fia. 5. 


Liquidus-solidus conjugation lines in the ternary system 
Pb( NO,),.-KNO,—NaNO,. 
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the three isothermals examined, the conjugate solid- and liquid-phase com- 
positions joined by tie lines. 

Results.—The forms of the curves (Figs. 1, 2, and 3) and of the isothermals 
in Fig. 4 give valuable information as to the nature of the three binary systems 
formed by the salts under consideration. Figs. 2 and 3 confirm the views of 
Glass, Laybourn, and Madgin (loc. cit.) that the systems containing Pb(NOs); 
are eutectic in type, whilst Fig. 1 especially suggests that solid solutions are 
formed by NaNO, and KNO, mixtures as supposed by Madgin and Briscoe 
(loc, cit.). These conclusions receive further support from a consideration of 
Fig. 4, where two eutectic troughs and a solid solution basin are very evident. 

Conclusive proof as to the type of all three binary systems is seen in Fig. 
5, where the tie lines show that all mixtures rich in Pb(NO,), give only this 
component as a solid phase whereas mixtures rich in KNO, or NaNO, give solid 
solutions of these two components as solid phases. The mixtures examined 
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cover a wide range of composition and temp. In view of Hissink’s opinion 
(Z. physikal. Chem., 1900, 32, 537), that NaNO, and KNO, form a limited series 
of solid solutions with a miscibility gap, a mixture in the solid solution basin 
(D, Fig. 5) was examined, and the direction of the conjugation line DF is 
definite evidence that such a miscibility gap does not exist in the solid state 
at temps. above the lowest ternary f. p. (185°). 


Summary. 

(1) The three-component system Pb(NO,),-KNO,—NaNO, has 
been investigated, and isothermal lines on the liquidus surface 
determined at 10° intervals. 

(2) The ternary mixture of lowest freezing point has been found 
to have the following composition (weight %): Pb(NO,)5 33, 
KNO, 44, and NaNO, 23. The f. p. is 185-6°. 

(3) Solid phases from various mixtures on the 200°, 230°, and 
260° isotherms have been examined and it has been concluded that : 
(a) KNO, and NaNO, form a continuous series of solid solutions, 
and (b) Pb(NO,), forms eutectic systems with each of the other two 
components. This confirms the thermal analyses of Glass, Laybourn, 
and Madgin (loc. cit.) and of Madgin and Briscoe (loc. cit.). 


We are indebted to the Research Committee of this College for a grant with 
part of which materials have been purchased for this research. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 27th, 1932.] 





384. Hyponitrites. Part II: Metallic Salts. 
Part III: Esters. 


By James R. Partineton and CHANDULAL C. SHAH. 
PART II. 


CaLciuM, strontium, and barium hyponitrites have been previously prepared 
in pure crystalline forms (Divers, J., 1899, 47, 97; Maquenne, Compt. rend., 
1889, 108, 1303; Kirschner, Z. anorg. Chem., 1898, 16, 424), the first and 
last occurring as tetrahydrates, the second as a pentahydrate. We obtained 
all three in the eryst. form by pptn. on adding excess of a solution of the 
corresponding nitrate to Na,N,O, aq., washing with H,O (at 40°), EtOH, 
and Et,O, and drying on a porous plate (in the case of the Ca salt in a desic- 
eator). The analyses of the products confirmed the formule stated. 

We were unable to obtain the alleged basic lead hyponitrite, PbO,PbN,O, 
(Kirschner, Joc. cit.), or Pb(OH),,PbN,O, (Neogi and Nandi, J., 1928, 1449), 
under any conditions, the normal salt, PbN,O,, prep. by Divers. (loc. cit.), 
Kirschner (loc. cit.), and Thum (Inaug. Diss., Prague, 1893; Monatsh., 1893, 
14, 294), being always obtained in a pale yellow form by pptn. as in the case 
of alkaline-earth salts, and drying in a vac. If, instead of Pb(NO,),, Pb(OAc), 
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is used, the ppt. is deep sulphur-yellow, and the salt detonates more violently 
when heated than that obtained from the nitrate. No attempt should be 
made to dry the Pb salt by heating. The other properties and the chemical 
composition of the two forms are the same. 

A basic copper hyponitrite, Cu,(OH),N,O, (Divers; Thum; Kirschner; 
loce. cit.), could not be obtained. The ppt. formed on adding CuSO, aq. to 
Na,N,O, aq. was found (by Cu and N detmtn.) to have the composition 
CuN,0,. 

Analyses.—N was determined as described in Part I (J., 1931, 2071). The 
metal in Ca, Sr, Ba, and Pb hyponitrites was determined as sulphate, and 
in Cu hyponitrite as oxide by maintaining the salt at a red heat for some 
time. Ca salt (Found: Ca, 23-21; N, 16-32. Cale. for CaN,0,,4H,O: Ca, 
23-29; N, 16-29%). Ba salt (Found: Ba, 51:37; N, 10-9. Cale. for 
BaN,0,,4H,O: Ba, 50-97; N, 10-40%). Sr salt (Found: Sr, 36-9; N, 
11-5. Cale. for SrN,0,,5H,O0: Sr, 36-86; N, 11-79%). Pb salts (Found, 
for yellow product : Pb, 77-32; N, 10-45. Found, for pale yellow product : 
Pb, 77°85; N, 10-3. Cale. for PbN,O,: Pb, 77-57; N, 10-49%). Cu salt 
(Found: Cu, 50-97; N, 22-4. Cale. for CuN,0O,: Cu, 51-44; N, 22-67%). 

Action of Air.—According to Kirschner, barium hyponitrite is decomp. 
by dry CO,, while calcium hyponitrite is said by Divers to be very stable 
and a good hyponitrite to stock. Maquenne found that the alkaline-earth 
hyponitrites do not completely lose H,O of crystn. at 100°. Copper hypo- 
nitrite was found by Kirschner to be slightly hygroscopic. We found that 
these hyponitrites, when exposed to dry air or CO,, remained practically 
unchanged in wt., whilst on exposure to air saturated with water vapour, 
there was a slight increase. The alkaline-earth hyponitrites retained their 
cryst. structure as seen under the microscope, even on exposure to ordinary 
air for several days, and the analysis of the salts exposed to air for a week 
did not show any change. 

Scott (J. Amer. Chem. Soc., 1927, 49, 986) states that the Na salt prep. 
by him was non-hygroscopic, but this seems to have been based on appearance 
only. We exposed weighed amounts of the salt, prep. by our modification 
of Divers’s method (J., 1931, 2075), to air, dry CO,, and CO,-free air saturated 
with water vapour. When exposed to air the salt at first rapidly absorbs 
moisture and increases in wt.; after about 3 days it begins to lose wt. When 
exposed to air saturated with water vapour in a desiccator, the increase in wt. 
continues for a considerable time, but the wt. immediately falls on exposure 
to the free air. The wt. of the dry salt remains unaffected on exposure over 
conc. H,SO, in an atm. of CO,. A sample of sodium hyponitrite after ex- 
posure to air for a fortnight gave no characteristic yellow ppt. with AgNO,. 
It appears that the dry salt is unaffected by CO, and is hygroscopic; in 
contact with water vapour or in solution it is slowly converted into the carb- 
onate on exposure to ordinary air. The external appearance of the salt 
remains like that of anhyd. MgSO,, even absorption by the salt of twice its 
own wt. of H,O. 

Thermal Decomposition.—The thermal decomp. of the alkaline-earth salts 
has not been examined previously. Divers found that CuN,0, gave H,0, 
CuO, Cu,0, N,O, and NO. 

The thermal decomp. of these salts cannot be represented by one equation, 
as in the case of Na,N,O,, for although N,O forms the major portion of the 
gaseous reaction products, it is always accompanied by NO and N. The 
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alkaline-earth salts behave similarly and decompose at a temp. higher than 
320°. The principal gaseous products are N,O and N, with some NO. The 
solid residue is alk. and contains some nitrate and an amount of nitrite, which, 
although it can be detected qualitatively, is too small for determination. 
The following equations, in which R = Ca, Sr, or Ba, probably represent the 
decomposition : 


RN,O, = RO + N,O Ht — TT 
5RN,O, = R(NO,), +4RO+4N, . 9. . . (2) 
2RN,0, = 2RO+2NO+N, . . «ss (3) 


During the decomp. of lead and copper hyponitrites, N,O is likewise the 
main product, but no nitrite or nitrate can be detected in the solid residue, 
The Pb salt is so explosive that the gaseous products could not be examined, 
but the greyish-yellow solid residue was PbO. Lead hyponitrite appears 
to be unstable even at 100°, at which temp. it slowly turns brown and loses 
wt., with evolution of N,O. Since no nitrite or nitrate is found in the residue, 
it appears that the decomp., which is slow at lower temps. and occurs ex- 
plosively at 150—160°, proceeds according to equation (1). 





TABLE I. 
Wt. of % of total N as 
substance, N,, N,O, NO, ~ 
Reagent. g. C.c.  €.€ c.c. N, N,O. NO. HNO,. 
CaN,0,,4H,0. 
Heat ............... 0°1088 2-8 9-2 1-7 20 65 6 9 
9 Childe viwdiclnn 6 0-1360 39 11:0 2°3 22 62 6 8 - 
Dil. HCl ............ 0°0954 0-9 4-0 1-7 7 32 7 0 
Dil. H,SO, ......... 0-0994 -- 1-3 — 0 10 0 0 
Conc. H,S0, ...... 01007 29 61 O09 22 47 34° — 
vasies 0-1235 3°2 79 1-0 20 49 31 _— 
Acid KMnO, trey 0-0970 0-2 42 ~- 2 33 0 65 
KMnO, + acid ... 0-1146 0-8 3°2 —_ 5 21 0 74, 
99 «- 0°1082 0-8 3-0 — 6 21 0 73 
BaN,0,,4H,0. 
re 38 67 24 33 59 10 — 
rl eine von abe 0-1032 3-0 5-1 1-9 35 59 8 — 
Dil. HCl . eoeee. 0°1003 0-7 5-2 1-3 8 62 8 0 
Conc. H 80, . pan'vial 0-1001 2°3 4-1 2-1 27 53 13 —_ 
Acid KMnO, —e 0-1113 0-4 4-7 —_— 4 51 0 ~ 
KMn0O, + acid --- 0°1042 0-7 3-2 — 8 37 0 — 
SrN,0,,5H,0. 
Heat ............... 01270 3-8 6-8 2-7 31 - 56 11 —_— 
” heareersenaesid 0-1010 3-0 5-4 2-1 31 57 ll — 
KMnO, + acid ...  0-1078 -- 3-5 + 0 34 0 -- 
PbN,O,. 
Dil. HNO, ......... 0°1347 —- 7:8 ~- 0 69 0 0 
CuN,0,. 
Heat ............s.. 0°1042 1-1 16-8 2-0 6 89 5 0 
Sakingoengah dae 0-0830 03 135 0-7 2 90 3 — 
Dil. BBO, 6.000 0be 0-1256 -— 19-1 = 0 84 0 0 
Saami i edeodbide 0-1137 — 17-4 —_— 0 84 0 0 
|S + Rae 0-0938 — Ww2 — 0 83 0 0 
» doves egh 0-1029 -—— 15-4 —_ 0 83 0 0 
Conc. H,SO, ...... 0-1020 4-2 10-8 35 23 58 10 — 
Pes bach: S3s1i Yospebe 0-0803 3-0 8-2 28 21 56 10 — 
Acid KMn0O, ...... 0-1256 -- 75 — 0 33 0 — 
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Unlike the Pb salt, copper hyponitrite is not explosive. It decomposes 
at 225—230°, and the gaseous products of decomp. are N,O, NO, and N., 
The residue was shown by analysis to be CuO. Equations (1) and (3) represent 
the decomp. 

Action of Water and Alkalis.—W ater has no apparent action on the alkaline- 
earth, lead, or copper salts, and no gas is evolved when they are treated with 
water in a vac. 5N-NaOH aq., when added to the salts, causes no evolution 
of gas, but hyponitrite can be detected in the solution. In the case of PbN,0O,, 
which becomes perfectly white, the reaction is probably PbN,O, + 2NaOH = 
Pb(OH), + Na,N,O,. Even in this case the conversion is not complete, 
for the insol. residue contains some hyponitrite. For studying the action 
of heat and various reagents in a vac., the apparatus described in Part I 
(loc. cit.) was used. The results are given in Table I. 

Action of Acids.—Our expts. on the reaction of dil. H,SO, and HCl with 
Na,N,0, (loc. cit.) indicated that N,O was the main product, and those now 
destribed are in general agreement with those of Cambi (Gazzetta, 1929, 59, 
770) on the action of 7N-H,SO, on PbN,O, and 4N-acid on Na,N,O, in an 
atm. of CO,, but not with his results in the case of the action of 7N-acid on 
CuN,0,. All the five hyponitrites behave towards acids like the Na salt; 
with the Ca, Sr, Ba, and Pb salts, the decomp. by H,SO, is only slight, the 
Pb salt losing its colour very slowly. As in the case of the Na salt, no nitrate 
or nitrite is formed. Conc. H,SO, completely decomposes all the salts at 
room temp., the products being similar. 

Action of Oxidising Agents.—The action of KMnO, aq. on H,N,O, has been 
previously described (loc. cit.). Cambi (loc. cit.) has also studied the action 
of KMn0O,, I, and K,Fe(CN), on Na,N,O,, and finds that nearly 50% of the 
hyponitrite N escapes as N,O. He states that the amount of I absorbed depends 
on the py of the medium, and upon the order in which the reagents are added. 

Potassium permanganate. Our results show that the nature of the acid 
has an influence on the amount of KMnO, consumed, the results being always 
high with HOAc and HCl. In the titration with KMnO, a weighed amount 
of the salt was added to dilute acid, followed by excess of KMnO, aq. After 
15 mins., standard H,C,0, was added and the excess determined by titration 
with KMnO,. 

C.c. of 0-1N-KMnO, 


required for 1-0 g. Equivs. of 
Salt. of the salt. 40 required. Acid. 

CuN,0, 267-8 3°3 H,S0, 

275-3 3-4 HNO, 

338-4 4-2 HCl 
CaN,0,,4H,O 379-8 6-5 HCl 

267-8 4-6 HNO, 

268-5 4-6 H,SO, 

269-5 4-6 HOAc + H,SO, 

344-2 5-9 AcOH 
BaN,0,,4H,0 270-7 7-3 H,S0O, 

287-3 7:7 HNO, 

292-4 7-9 HCl 

290-2 7-8 HOAc 
SrN,0,,5H,O 189-2 4-5 H,S0O, 

198-6 4-9 HNO, 

259-3 6-2 HCl ‘ 

259-5 6-2 HCl (excluding air) 

233°3 5-5 HOAc 
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PbN,O, gave varying results. Some values obtained with HNO, are 
given, the figures in the last line corresponding with 1-0 g. of salt. 


Wt., gee -s 0-0990 0-1129 0-1302 0-1336 0-1475 0-1645 0-1717 0-1773 


CC. vere 96 82 107 129 129 115 125 11-0 
Vol. perg. ... 970 726 822 966 87:5 69:9 72:8 62-0 


Iodine. The iodine titrations were carried out exactly in the manner 
described by Raschig (“‘ Schwefel- und Stickstoffstudien,” 1924, p. 103) 
(figures in parentheses give atoms of I per mol. of salt) : 


0-1N-I absorbed, 0-1LN-I liberated 


Amount of substance. c.c. by H,SOQ,, c.c. 
10 c.c. 0-1335N-Na,N,0, 4-0 (3-0) 3-5 (2-6) 
0-1 g. CaN,O,,4H,O 10-8 (1-9) 5-9 (1-0) 
0-1 g. SrN,O,,5H,0 8-5 (2-0) 5-0 (1-2) 
0-1 g. BaN,O,,4H,O 9-6 (2-6) 5-1 (1-4) 


The results were very discordant, and it is very doubtful whether the 
reactions proceed as represented by Raschig (op. cit.), viz., 


HMA, +1 =O, +H. ee aa 
HN,O, = HNO, + N Us 10 forroubaggy 
HN,O, = NO + NOH 
2NOH = N,O+H,O . . 2 es (2a) 

HNO, +HI=NO+1+H,0. .. . «) «+ (8) 


(1) represents the absorption of I in HOAc solution, and (3) the liberation 
of I in presence of H,SO,. If the reaction proceeds smoothly according to 
(1), (2), and (3), all the I used in the first stage should, be liberated in the 
third. Raschig found that only orie-half is liberated, and: hence suggested 
that (2) may occur in either of the two ways, the alternative being (2a). 

Sodium hypochlorite. Oxidation by NaOCl gave the same results as that 
by KMnO,. The action was investigated by adding excess of the reagent. 
After 5 mins., H,SO, was added, and then an excess of KI aq. The liberated 
I was titrated with Na,S,0,. 


Amount of substance. 0-1N-NaOCl, c.c. 
10-0 c.c, 0-05N-Na,N,0, 33-7 (6-7) 
0-1 g. of CaN,0,,4H,O 40-1 (6-9) 
0-1 g. of SrN,0,,5H,O 26-7 (6-3) 
0-1 g. of BaN,O,,4H,O 28-5 (7-7) 


The figures in parentheses give atoms of active Cl per mol. of salt, 


PART IIitI. 


Esters of Hyponitrous Acid.—Ethyl hyponitrite, prep. by Zorn 
(Ber., 1878, 11, 1630) by the action of Ag,N,O, on EtI in presence 
of dry ether, is described by him as a liquid, stable at room temp. 
but explosive at higher temps., having the normal vapour density 
{mol. formula (C,H;),N,0,] below 61°. He found that on reduction 
with Sn and HOAc or HCl, or Na-Hg, traces of amino-compounds 
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are formed. In presence of H,O, the ester decomposed slowly at 
ordinary temps., rapidly at 40° and upwards, according to the 
equation (C,H,),N,0O, = C,H,-OH + CH,°CHO + N,. 

Benzyl hyponitrite, described as fairly volatile at room temp., 
was prepared in a similar way by Hantzsch and Kaufmann (Annalen, 
1896, 292, 329); it decomposed similarly in presence of H,0, 
forming Ph-CHO. 

We describe the preparation of very pure silver hyponitrite, 
from which we prepared the ethyl, n-propyl, n-butyl, and benzyl 
esters by the same method, the first three being liquids and the 
last a solid. Cryoscopic determination of their mol. wts. in C,H, 
solution showed them to possess the formula R,N,O,. Attempts 
to determine the vapour density showed that even as low as 15° 
and at correspondingly low pressures, the liquid esters decompose, 
giving a gaseous product. A rapid determination of the vapour 
density of ethyl hyponitrite at 46° in the apparatus described below 
gave the value 46 (calc.: 59, H = 1). 

Reduction of the esters with KOH and Devarda’s alloy did not 
give any amino-compounds. The benzyl ester remained unchanged 
when treated with Al—Hg in alc. solution at room temp., but at 
higher temps. (60—70°), reduction to benzyl alcohol occurred. 
Since H,O rapidly decomposes the ester at this temperature accord- 
ing to the equation : 


(C,H,),N,0, = C,H,OH + C,H,CHO +N,. . (I) 


the aldehyde first formed is no doubt reduced to the alcohol. 

The three liquid esters are readily decomposed by H,O at 40° 
according to equation (1), but the benzyl ester only above its m. p. 
Even in presence of 50% KOH aq., the reaction appears to take 
the same course, since, after hydrolysis either at room temp. or 
at 0°, no hyponitrite can be detected. 

The benzyl ester, when heated at 70—80° with an HOAc solution 
of phenylhydrazine, gave an 80% yield of benzaldehydephenyl- 
hydrazone (m. p. 157°), so that even in acid solution the reaction 
takes the course of equation (1). 

All the esters are unstable. The liquids on standing become slightly 
yellow, sometimes deep yellow, but the colour disappears on shaking. 
If the ester is kept for more than a week, however, the colour does 
not so disappear. The esters possess the normal cryoscopic mol. 
wts. even after a week, although the density of the liquid ethyl 
ester increases from 0-953 to 1-047. The benzyl ester becomes 
yellow and pasty, and after a week forms a liquid. On account 
of its low m. p. it is very difficult to prepare in hot weather. 
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Silver Hyponitrite.—Great care is necessary in the preparation of this salt, 
since. otherwise the product is grey, or even black (cf. Divers, J., 1899, 47, 
97; Coblens and Bernstein, J. Physical Chem., 1925, 29, 750). 10 G. of 
Na,N,O, are dissolved in H,O, the filtered solution made up to 200 c.c., and 
slightly less than the theoretical amount of 10% AgNO, aq. added drop by 
drop (stirring). If the solution is added rapidly, or a more conc. solution 
used, a considerable amount of a brown ppt. is formed, which requires vigorous 
shaking before it becomes pure canary-yellow. The ppt. is allowed to settle, 
the supernatant liquid is decanted, and divided into two equal parts. To 
one, the AgNO, solution is slowly added till the ppt. becomes slightly dis- 
coloured. The volume added is measured and the two portions mixed. An 
amount of AgNO, aq. 5 e.c. less than the amount required in the previous 
operation is then slowly added and the whole is mixed with the main ppt. 
and shaken. After the ppt. has settled, the liquid is decanted and 1% AgNO, 
aq. added until the colour of the liquid begins to change from bright yellow 
to pale yellow. This liquid is then shaken with the main ppt., and the remain- 
ing solid is washed 6—8 times by decantation, filtered off, and dried for 2—3 
days in vac. over H,SO, in the dark, during which it must retain its bright yellow 
colour. It is then powdered, and on standing over-night in a vac. desiccator 
over P,O, it becomes perfectly dry (Found: Ag, 78-1; N, 10-7. Cale. for 
Ag.N,O,: Ag, 78-21; N, 10-16%). 

Ethyl, n-Propyl, and n-Butyl Hyponitrites.—5-0 G. of EtE {or 5-5 g. of PreI, 
or 6-0 g. of n-Bul) are added to 20 c.c. of dry Et,O in a freezing mixture, 
and 5-0 g. of dry powdered Ag,N,O, slowly added. The flask is closed with 
a cork carrying a CaCl, tube and left in the refrigerator for 24 hrs. The 
solution is filtered into a large test-tube, through which @ eurrent of dry air 
is slowly drawn until all smell of ether is removed. The ester is kept for 
2 hrs. over anhyd. CaCl, and filtered. The esters cannot be distilled even 
at low pressures. The amount of nitrogen evolved on pereues by H,O 
showed them to be pure. 

All the esters are easily sol. in EtOH, Et,0, and C,H,, but practically 
insol. in H,O. Ethyl hyponitrite when heated begins to deeompose rapidly 
at 80—82° and explodes, but not very violently,.whilst according to Zorn 
(loc. cit.) it is as éxplosive as NCl,. The propyl and the butyl ester detonate 
when heated rapidly, but with slow rise in temp. the decomp, is smooth and 
without detonation. 

Benzyl Hyponitrite—From CH,PhI (6-0 g.) and Ag,N,O, (4-5 g.), this ester 
is prepared as in the preceding cases, the ether being evaporated in a vac. 
over H,SO,. When nearly all the Et,O has been removed, the solid is washed 
with dry light petroleum, redissolved in the minimum of dry Et,0,.and pptd. 
by the former solvent. It is then left on a porous plate in a partly evacuated 
desiccator containing H,SO, and solid paraffin; m. p. 48—49° (Found: N, 
11-9. Calc. for C,,H,,N,0,: N, 11-57%). 

Action of Aqueous Alcohol on the Esters.—A weighed amount of ester was 
dissolved in 10 ¢.c. of EtOH and diluted with H,O to 25 c.c. in a flask fitted 
with two delivery tubes, one connected with a nitrometer and the other with 
a CO, generator. The flask was placed in a freezing mixture, and the air 
expelled by a current of CO,. The flask was then heated at 40—50°, or, in 
the case of the benzyl ester, at 70—75°. The gas collected was insol. in 
EtOH and was N. Gas evolution ceased after about 45 mins. 
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Nz, %. 

Gas at — 

Ester, g. N.T.P., c.c. Found. Cale. 

Ethyl hyponitrite ............ 0-1205 22-0 22-83) 23-73 

~ . hn Mie 171 22-82 f , 

Propyl oy bot ddelcumdes 0-1180 17-5 18-54 19-18 

Butyl sis Sth Sie Chévee 0-1095 13-7 eet 16-10 
7 os ihe oats 0-0823 10-1 15-34 
Benzy! mw jadtamaedie 0-1020 9-0 11-04 

a a - apse: 2 Pht 00923 8-2 un} 11-57 
0-1527 13-5 11-05 


%? %? 


Action of Phenylhydrazine on Benzyl Hyponitrite.—To 0-0677 g. of the 
ester, dissolved in EtOH, a solution of NHPh:NH, in HOAc was added, the 
solution heated at 70—80° for 15 mins., and diluted with H,O. The pptd. 
benzaldehydephenylhydrazone, 0-0426 g. (77:7% of theory), was recryst, 

from EtOH (m, p. 156—157°). 

Fic. 1. Hydrolysis of n-Butyl Hypo- 
nitrite.—0:5 G. of the ester was 
added to ale. KOH, the solution 
kept at room temp. for 5 hours, 
and then diluted with H,O. The 
liquid had no smell of the ester. 
On addition of a little dil. AgNO, 
aq., only a brown ppt. was_ob- 
tained, whereas yellow hyponitrite 
is first pptd. even in presence of 
a large excess of alkali. When 
the solution was left in the re- 
frigerator, the smell of the ester 
could be detected after dilution 
for 3—4 days, but at no time, even 
after a week, when it no longer 
smelt of the ester, did the solution 
give any yellow ppt. with AgNO,. 

Reduction of Benzyl Hyponitrite 
by Aluminium Amalgam.—0-5 G. 
of the ester was dissolved in dil. 
aq. EtOH and 1 g. of freshly pre- 
pared Al-Hg added. After standing for 4 hr. at room temp., the solution 
was poured into a large vol. of H,O and extracted with Et,0; the extract on 
evaporation at reduced press. deposited unchanged benzyl hyponitrite. 
When the solution was kept at 60° for } hr., the ethereal extract gave 
a non-nitrogenous liquid, b. p. 204°, viz., benzyl alcohol. 

Reduction of Ethyl Hyponitrite by Devarda’s Alloy,—About 1 g. of the ester 
was added to 25 c.c. of 50% KOH solution with 2 g. of Devarda’s alloy. The 
distillate was very slightly alk. (requiring 0-1 c.c, of 0-1N-HCl) and showed 
a trace of NH,. It gave no carbylamine test. 

Vapour Density.—In the determination with ethyl hyponitrite in the Hof- 
mann apparatus, the mercury column, on cooling, did not return to the original 
level, indicating decomp. at the reduced press, The modified Hofmann 
apparatus shown in Fig. 1 was then used in an attempt to determine the 
vapour pressure, but the instability of the esters rendered it useless in this 
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ease. The tube A is filled with dry Hg, and a small amount of substance 
introduced into it. It is then transferred in a deep mercury trough to the 
tube B, and the rubber stopper pressed in. The whole apparatus is then 
immersed in a water-bath. When the bath attains the desired temp., B is 
connected with a Sprengel pump. When the mercury in A begins to fall, 
the pump is stopped and the manometer reading taken. The difference (d) 
in the mercury levels is measured by a cathetometer and, after temp. cor- 
rection, is added to the manometer reading. After each reading the vac. 
can be released, whereupon, if no decomp. occurs, no gas will be found in A. 

For the determination of vapour density A is substituted by a 50-c.c. flask 
as shown dotted. After the apparatus has been heated to the desired temp., 
the pump is started, and the Hg in the neck of the flask adjusted to the gradu- 
ation mark. Decomp. can be detected as in the previous case. 





THE a-FORMS OF r- AND (-+)-p-TOLYLHYDROBENZOINS. 


Molecular weights of the esters in benzene solution. 


Ethyl hyponitrite (M = 118). 
C,H, = 13-26 g- 


w. d. M. 
0-0468 0-151° 119-9 
0-0964 0-322 115-8 
0-1286 0-429 116-1 

Mean 117-3 


Butyl hyponitrite (M = 174). 
C,H, = 13-50 g. 


0-0577 0-127 172-6 
0-0643 0-140 174-6 
0-1030 0-226 173-2 

Mean 173-5 


Propyl hyponitrite (M = 146). 
C,H, = 13°15 g. 
d. 


Ww. M,. 
0-0281 0-076° 144-2 
0-0658 0-179 143-4 
0-0469 0-121 151-2 

Mean 146-3 


Benzyl hyponitrite (M = 242). 
C,H, = 14-27 g- 


0-0813 0-121 241-5 
0-0602 0-089 243-2 
0-0907 0-135 241-5 

Mean 242-1 








Measurements of the parachors and dipole moments of the esters, and the 
dipole moment of nitramide, have been made and will be. published. The 
parachors of the esters are not in agreement with the usual formula if the 
usual values for the constants are used, but the dipole moments show that 
the formula RO-N:N-OR is very probably correct. The dipole moment of 
nitramide is large and throws some light on its constitution. 


One author (C.C.S.) thanks the University of Bombay for a scholarship 
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385. The Dehydration of the a-Forms of r- and 
(+)-p-Tolylhydrobenzoins. 
By Atex. McKenziz, Ropert Roger, and Wim1aM B. MoKay. 


Iy the course of a study on the migrational aptitude of the p-tolyl 
group, McKenzie, Mills, and Myles (Ber., 1930, 63, 904) described 
the dehydration of r-p-tolylhydrobenzoin («-form) by concentrated 
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sulphuric acid, and isolated p-tolyl diphenylmethy! ketone (I), m. p. 
98-5—99-5°, in small yield. This was unexpected, since both the 
phenyl and the p-tolyl group are characterised by their strong 
saturation capacities, and on this account the isomeric ketone, 
r-p-tolyldeoxybenzoin (II), was the product anticipated. In the 
same paper it was also shown that (I) was formed by the semi- 
pinacolinic deamination of r- and of (-+-)-$-amino-a«f-diphenyl-c- 
p-tolylethy] alcohol, the phenyl group migrating almost exclusively, 
thus : 


Ph~ «x Ph 
(+) a ag fey \Heoe OOS 


OH NH, OH N:N-OH 
onl — > C,H,-CO-CHPh, (I.) 
Ho EE = 


| | (+)Ph-CO- CH< i) H, (in traces) 
It was mentioned at the time that the dehydration of the glycol 
needed further investigation, and more particularly so since the 
ketone (I), which was actually isolated, may not have represented 
the main trend of the reaction. 

The constitution of (I) had been established previously by 
McKenzie, Mills, and Myles by its synthesis from diphenylacetyl 
chloride, toluene, and aluminium chloride. This synthesis has been 
repeated recently by Koelsch (J. Amer. Chem. Soc., 1932, 54, 2049), 
who gives experimental details. The m. p. quoted by him is 100— 
101°. He states that McK., M., and M. give m. p. 97—99-5°, but 
the m. p. actually given by them for the pure compound is 98-5— 
99-5°. We now provide further evidence for the tonstitution of (I) 
by its synthesis from benzaldehyde. 

On dehydrating r-p-tolylhydrobenzoin (a-form) with oxalic acid, 
we obtained r-p-tolyldeoxybenzoin (II), m. p. 96—97°. When, how- 
ever, attempts were made to improve the yield of (I) by dehydrating 
the glycol with concentrated sulphuric acid on the lines described 
by McK., M., and M., the product obtained had m. p. 92-5—94*, 
and consisted of almost pure p-tolyldeoxybenzoin (II). This is 
all the more remarkable since Koelsch (lec. cit.) states that he 
isolated (I) only, and thus had confirmed the observation of McK., 
M., and M. Our failure to reproduce the result of the last authors 
may have been due to the atmosphere of the laboratory having 
meanwhile become infected with (II), or possibly the experimental 
conditions were not exactly reproduced in our various dehydrations. 

The dehydration of (-+-)-p-tolylhydrobenzoin (a-form) with oxalie 
acid and with dilute sulphuric acid respectively gave (II), the 
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formation of which finds its best interpretation on the basis of 
vinyl dehydration, which does not involve the migration of a phenyl 
group, and would lead to racemisation : 


(+) ¢ i vamnne's ee, i. So =C<OH> "Oh H, >SCH-CO-Ph 
‘on: OH (II.) 


It. is now clear that the dehydration of the r-glycol with con- 
centrated sulphuric acid gives (I) and (IL) with an excess of (II), and 
this conclusion has a parallel in the dehydration of the «-form of 
«-naphthylhydrobenzoin (McKenzie and Richardson, J., 1923, 123, 
79; McKenzie and Roger, J., 1924, 125, 844; McKenzie and 
Dennler, ibid., p. 2105; Tiffeneau and Orékhoff, Compt. rend., 1924, 
178, 1619). This similarity is to be expected, since the saturation 
capacities of the p-tolyl and the «a-naphthyl group are close 
(Tiffeneau, McKenzie). 

It is noteworthy that the dehydration of the (-+-)-p-tolylhydro- 
benzoin led to the formation of the r-ketone (II), no trace of the 
optically active ketone being detected, and in this respect there 
is a striking difference in the elimination of water during the de- 
hydration of (—)-$-i-naphthyl- and of (+-)-§-phenyl-a«-dibenzyl- 
ethylene glycols, where optical activity was preserved in each of these 
eases, optically pure ketones being obtained by semipinacolinic 
change (MeKenzie and Dennler, Ber., 1927, 60, 220; Roger and 
McKenzie, Ber., 1929, 62, 272). | 

The formation of (I) from the glycol as recorded by McK., M., 
and M. is not easily accounted for, and this exceptional behaviour 
has been commented on by Tiffeneau and Lévy (Bull. Soc. chim., 
1931, 49, 1688) : ‘‘ Ce glycol donne lieu 4 la formation d’une-cétone 
transposée résultant d’une déshydration suivant le type semipina- 
colique, avec migration du radical phényle qui Vemporte ainsi sur le 
tolyle. C’est 14 une exception unique dans la déshydratation des 
glycols.” Semipinacolinic transformation seems, however, to be 
unlikely, when the strong saturation capacities of the phenyl and 
the p-tolyl group are considered, whilst the intermediate formation 
either of a substituted ethylenic oxide or of an aldehyde during the 
dehydration of a sec.-tert.-glycol by means of sulphuric acid is a 
matter for debate (Danilov, Tiffeneau, Lévy, Roger, McKenzie). 

The constitution of (II) was determined by various syntheses 
(see p. 2602). 

Now, McKenzie and Widdows (J., 1915, 107, 702) have described 
as r-phenyl-p-tolylacetophenone (p-tolyldeoxybenzoin, II) a com- 
pound, m. p. 159—160°, which they obtained by application of the 
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Friedel-Crafts reaction to r- and (+-)-phenyl-p-tolylacetyl chloride. 
The action seemed to proceed quite normally on the lines 
C,H,-CHPh-COCI + C,H, + AICl, —+> C,H,-CHPh’COPh, _ the 
compound obtained, with m. p. 159—160°, giving satisfactory 
analytical figures for (II) (see p. 2603). Since (II), with m. p. 96— 
97°, has now been prepared by several different methods and there 
is no dubiety about its constitution, reinvestigation of the prepar- 
ation of McKenzie and Widdows was obviously required. Our 
first attempts to repeat the result. met with no success, the only 
crystalline product obtained being triphenylmethane. Koelsch 
(loc. cit.) also failed to obtain the compound of m. p. 159—160°, 
isolating only diphenylmethane. Now, McKenzie and Widdows 
distilled under diminished pressure the oil from which their solid 
of m. p. 159—160° had been withdrawn, and obtained a solid, m. p. 
28—29°; the analysis of this was not quoted at the time, but it 
was: C, 92-9; H, 7-1; M, cryoscopic in C,H, 162 (Calc. for C,,H,,: 
C, 92-8; H, 7:2%; M, 168). Zincke (Annalen, 1871, 159, 376) 
gives m. p. 26—27° for diphenylmethane. The failure of the 
present authors in their first attempts and also of Koelsch to obtain 
(II) from phenyl-p-tolylacetyl chloride is all the more surprising 
since diphenylacetyl chloride and toluene under the usual conditions 
of the Friedel-Crafts reaction give (I) readily. 

It happens occasionally that a Friedel-Crafts reaction pursues 
an abnormal course, and it is possible that with phenyl-p-tolyl- 
acetyl chloride the action may have occurred on the lines, 


Ph Cl Hl Ph 
Sono (BPs tg SCH-CPhs, 
CH Sonph GH, 
"HP : 
Now Schlenk and Herzenstein (Ber., 1910, 43, 3542) pointed out 
that pentaphenylethane undergoes scission, and it is thus not 
improbable that a similar decomposition may have taken place to 
a certain extent with the tetraphenyl-p-tolylethane postulated 
above, triphenylmethyl being one of the products. Schmidlin and 
Garcia-Banis (Ber., 1912, 45, 1344) have further shown that tri- 
phenylmethyl undergoes autodecomposition at room temperature 
under the influence of light (compare Wieland and Miiller, Annalen, 
1913, 401, 233) to give triphenylmethane, so our production of this 
compound may perhaps be interpreted in this manner. 
Fortunately, the specimen, m. p. 159—160°, originally prepared by 
Miss Widdows in 1913 was available; re-examination showed it to 
be triphenylearbinol. It was crystallised twice, and analysis con- 
firmed the figures obtained previously, which, by a coincidence, 
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are in close agreement with those calculated for triphenylcarbinol 
(see p. 2603). 

We were eventually able to repeat the result of McKenzie and 
Widdows, obtaining triphenylcarbinol by preparing phenyl-p- 
tolylacetyl chloride by means of thionyl chloride which had been 
purified by dimethylaniline. 

Assuming that triphenylmethyl was formed by the scission of 
tetraphenyl-p-tolylethane, the formation of triphenylearbinol may 
be ascribed to the conversion of triphenylmethy]l into its peroxide, 
and the subsequent hydrolysis of the latter, Gomberg (Ber., 1900, 
33, 3150) having shown that triphenylearbinol is formed in good 
yield by the action of sulphuric acid on triphenylmethyl peroxide 
and subsequent dilution with water. 


EXPERIMENTAL. 


Dehydration of r-p-Tolylhydrobenzoin (a-Form).—(1) With oxalic acid. The 
glycol (5 g.) from r-benzoin and p-tolylmagnesium bromide (Acree, Ber., 1904, 
37, 2753) was added to melted C,H,0,,2H,O (50 g.); after 12 hrs.’ gentle 
boiling, excess of ag. HKCO, was added, and the product extracted with 
ether. The oil from the dried extract was dissolved in light petroleum (b. p. 
60—80°), and the resulting solid purified by 1 crystn. from the same solvent 
(yield, 2:5 g.). It remained unchanged after trituration with conc. H,SO,, 
and was therefore neither an aldehyde nor a substituted ethylenic oxide. 
r-p-Tolyldeoxybenzoin (II) separates in colourless needles, m. p. 96—97° 
(Found: C, 88-3; H, 6-4. C,,H,,0 requires C, 88-1; H, 63%) (Koelsch, 
loc. cit., gives m. p. 97—98° for his product from desyl chloride). It formed 
neither a semicarbazone nor a p-nitrophenylhydrazone. The oil (1:2 g.) 
obtained by evaporating the solutions from which the ketone had been 
partially removed, was dissolved in CHCl,-EtOH, and a solid (0:05 g.), m. p. 
171—172:5°, separated. (2) With sulphuric acid. The glycol (3 g.) was 
triturated with conc. H,SO, for 4 hrs. The orange-yellow coloration which 
developed at first changed to brown and finally to a greenish-black. 
On pouring the mixture over crushed ice and diluting it to 350 c.c. with H,O, 
& greenish solid separated; neutralisation was effected by KHCO,, and the 
product extracted with ether. The resulting dried oil was dissolved in light 
petroleum (b. p. 60—80°), and the solid (1-1 g.) which separated was crystal- 
lised twice from EtOH; needles, m. p. 92°5—94° (Found: C, 88-3; H, 6-4. 
Calc. for C,,H,,0: C, 88:1; H, 6-3%). The mixture with (II) had m. p, 
93—94:5°, but that with (I), prep. by the semipinacolinic deamination of 
B-amino-af-diphenyl-a-p-tolylethyl alcohol (McK., M., and M., loc. eit.), 
showed marked depression. The product, m. p. 92-5—94°, was almost pure 
p-tolyldeoxybenzoin. 

When a trace of (I) is added to conc. H,SO,, a light yellow coloration appears, 
which changes gradually to a pale green; (II), on the other hand, gives an 
intense yellow coloration under similar conditions. 

This reaction was carried out 4 times, but on no occasion was a pure specimen 
of (I) isolated. Alcoholic scission of the crude product, and determinations 
of the relative amounts of benzoic and p-toluic acids obtained therefrom 
4P 
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(cf. Bailar, J. Amer. Chem. Soc., 1930, 52, 3596) indicated that (II) preponder- 
ated in the mixture of ketones. Bailar’s method is not, however, very accurate 
in this particular case, since the molecular weights of the two acids are close, 

(II), m. p. 96—97°, was obtained by boiling the glycol (9 g.) for 5 hrs. with 
dil. H,SO, (20% by vol.). 

Dehydration of (+)-p-Tolylhydrobenzoin (a-Form).—(1) With oxalic acid, 
2-5 G. of the (+ )glycol from (—)benzoin (Roger and McKay, J., 1931, 2229) 
were dehydrated as described for the r-isomeride. The solid (1-3 g.) which 
separated from the light petroleum solution was optically inactive in CHCl, 
(A = 5461, c = 1-965, 1 = 1), and after 1 crystn. had m. p. 96—97°, alone 
or mixed with (II). The residual liquors gave a pale yellow oil (0-8 g.) which 
was also optically inactive in EtOH (A = 5461, c = 3-2, 1 = 1). 

(2) With dilute sulphuric acid. The (+ )glycol (6-1 g.) was boiled for 3 hrs. 
with conc. H,SO, (30 c.c.) and H,O (70 c.c.). After dilution to 450 c.c. with 
H,0, the mixture was extracted with Et,O, and the oil from the dried extract 
dissolved in light petroleum (b. p. 60—80°). 4-2 G. of crystals which were 
optically inactive in CHCl, (A = 5893, c = 2, 1 = 2) separated, and were 
identified as (II). 

From the light-petroleum filtrate, which was also optically inactive, a 
product (0-2 g.) was obtained by the addition of EtOH; cryst. from C,H,- 
EtOH, it gave hard prisms, m. p. 171—172-5° (Found: C, 88-3; H, 61%, 
C,,H,,0 requires C, 88-1; H, 63%), identical with one of the products 
obtained by dehydration of the r-glycol by oxalic acid (p. 2601). This 
substance was obviously a dehydration product of the glycol; its optical 
inactivity suggests that it is diphenyl-p-tolylacetaldehyde, formed by semi- 
hydrobenzoin transformation. 

Synthesis of p-Tolyl Diphenylmethyl Ketone (1) (p-Diphenylacetotoluene).— 
Diphenylacetonitrile, prepared by the stages, Ph-CHO Pee. Ph,CH(OH) 


so0cl Hg(CN), 
—— Ph,CHCl ——-> Ph,CH(CN), had m. p. 72-5—73° (Wittig and Hopf, 


Ber., 1932, 65, 760, using a different method, give m. p. 72-5—73°). 

The Grignard reagent, prep. from p-bromotoluene (28 g.), was added to 
an ethereal solution of the nitrile (8 g.) and heated for 4 hrs. The decomp. 
with ice and dil. H,SO,, and the separation of the ethereal layer (A) were 
conducted as quickly as possible. The ketimine hydrochloride in the acid 
layer was hydrolysed by heating the solution for 4 hr., and the ketone 
extracted with Et,0. The oil from the dried extract was dissolved in light 
petroleum (b. p. 40—60°), and the separated solid (2 g.) crystallised once from 
the same solvent; prismatic needles of (I) were deposited, m. p. 99—99-5°, 
alone, or mixed with the product obtained by McK., M., and M. by semi- 
pinacolinic deamination. The Grignard reaction was incomplete under the 
above conditions, since 3 g. of pure cryst. diphenylacetonitrile were isolated 
from the ethereal layer (A) which also contained p-ditolyl. 

Syntheses of r-p-Tolyldeoxybenzoin (I1),—(1) r-Phenyl-p-tolylacetonitrile, 
prep. by the stages, Ph-CHO racy on) C,H,CHPh-OH —- C,H,-CHPh¢l 
atm | C,H,-CHPh(CN), had m. p. 60—62° (Neure, Annalen, 1889, 250, 149, 
who used a different method, gives m. p. 59°). 

The Grignard reagent prep. from PhBr (20 g.) was added to an ethereal 
solution of the nitrile (7 g.), heated for 9 hrs., and worked up as in the previous 
expt. The solid (2 g.) from the light petroleum was crystallised once from 
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the same solvent (b. p. 60—-80°); the needles had m. p. 96—97°, alone or 
mixed with the ketone (II) from the dehydration of r-p-tolylhydrobenzoin. 
This Grignard reaction was also incomplete, 3 g. of pure cryst. nitrile 
being recovered. 

(2) From desyl chloride, C,H,, and AICI, (cf. Koelsch, loc. cit.). 

(3) Dry HCl was passed into a soln. of r-benzoin (20 g.) in hot C,H, (125 
c.c.) for 1 hr. AIC}, (40 g.) was then added gradually, and heating continued 
for 7 hrs. After the mixture had been poured on ice and conc. HCl, unchanged 
benzoin was removed, and from the toluene soln. a viscous oil was obtained 
which became semi-solid on keeping. After several crystns. from EtOH, 
(II), m. p. 96—97°, was obtained (cf. formation of phenyldeoxybenzoin from 
r-benzoin, McKenzie and Lesslie, Ber., 1928, 61, 158). 

(4) The Grignard reagent prepared from p-bromotoluene (15 g.) was added 
to desyl chloride (10 g.) suspended in Et,O and heated for 2 hrs. After 
decomp. with ice, NH,Cl, and NH,OH, the oil from the ethereal layer was 
distilled in steam, and the dried residual oil dissolved in light petroleum to 
which a small amount of EtOH had been added. The solid (8 g.) which 
separated gave (II) after several crystns. from EtOH. 

Ph-CO,H and phenyl-p-tolylmethane were isolated by the scission of the 
ketone by 20% alc. KOH (cf. Koelsch, loc. cit.) : scat ts 5” as 

Interaction of r-Phenyl-p-tolylacetyl Chloride, C,H,, and AICl,.—Several 
unsuccessful attempts were made to repeat the result of McKenzie and 
Widdows (loc. cit.), unerystallisable oils being obtained. In one expt., 
however, where phenyl-p-tolylacetic acid (15 g.) was converted into its acid 
chloride by means of SOCI,, and the oil from the Friedel-Crafts reaction was 
distilled under diminished press., a fraction, b. p. 150—240°/21 mm., was 
collected. This was dissolved in EtOH-—petroleum (b. p. 40—60°), and the 
solid (2 g.) which separated, after 2 crystns. from methylated spirits, gave 
needles of CHPh, (Found: C, 93-5, H, 6-6. Calc. for C,,H,,: C, 93-4; 
H, 6-6%), m. p. 91—91-5°, alone or mixed with an authentic sample. 

The specimen (Found: C, 88-0; H, 62%) prep. in 1913 was crystallised 
twice from EtOH and again analysed [Found: C, 88-0; H, 6-1. C,,H,,0 
(p-tolyldeoxybenzoin) requires C, 88-1; H, 6-3. C,,H,,O (triphenylcarbinol) 
requires C, 87°65; H, 6-2%]. A trace of it gave an orange coloration with 
conc. H,SO,, identical with that given by CPh,’OH, and the m. p. was 159— 
160°, alone or mixed with an authentic sample. 

By the use of SOCI, which had been purified by means of dimethylaniline * 
(Besthorn, Ber., 1909, 42, 269), however, we eventually obtained the com- 
pound, m. p. 159—160°, found in 1913. Phenyl-p-tolylacetyl chloride (dried 
in vac. over soda-lime but not distilled) is an oil (Found: Cl, 13-7. Cale. : 
143%). A solution of the undistilled acid chloride (20 g.) in a little CS, was 
added gradually to a mixture of C,H, (88 g.), CS, (36 g.), and AICI, (18 g.). 
A brisk reaction followed each addition. The procedure of McK. and W. was 
followed, and a brown, fluorescent, viscous oil obtained, from which, after 
2 days in vac. over CaCl,, solid began to separate. This was drained off 
(yield, 3 g.), crystallised (m. p. 159-5—160-5°), and identified as triphenyl- 
earbinol. 


* Care should be taken in carrying out this operation, which may proceed 
explosively. 
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386. Applications of Thallium Compounds in Organic 
Chemistry. Part VII. Chelate Rings.* 


By R. C. Menzizs and E. R. WinTsHire. 


THE scope of this and of the succeeding papers may be defined by 
recalling that the probable cyclic structure of acetylacetone in its 
platinous compounds was indicated by Werner (Ber., 1901, 3%, 
2586), and that Morgan (J., 1914, 105, 193) pointed out the possible 
analogy of this and similar cyclic structures to the benzene ring, 
later (J., 1920, 117, 1457) coining for them the adjective ‘‘ chelate.” 
Sidgwick and Callow (J., 1924, 125, 527 ; Sidgwick, J., 1925, 127, 907) 
summarised a series of papers indicating the existence of similar 
ring structures in many ortho-substituted benzene derivatives, 
8-diketones, and §-keto-esters, Confirmatory evidence is provided 
by Bawn (this vol., p. 1189), who showed that the bands charac- 
teristic of hydroxyl groups are missing from the infra-red spectra 
of enolised acetylacetone and other similar tautomeric substances. 
This ring formation, satisfying residual or co-ordinate affinity 
within the molecule, has, as one consequence, the result that less 
work is necessary to separate molecules in which it occurs from each 
other than in the case of isomeric substances in which ring structure 
is not possible. This is shown by the lower b. p.’s and greater 
solubility in organic solvents of substances of the former type. The 
most stable compounds of this type, the derivatives of polyvalent 
metals with acetylacetone and similar substances, contain two or 
more rings attached to each metallic atom. Compounds containing 
only one chelate ring are, as a rule, unstable, the ring structure 
easily reverting to the open enolic form (cf. Sidgwick and Brewer, 
J., 1925, 2379), and there is a sharp contrast between the properties 
of the compounds of the alkali metals with acetylacetone and those of, 
e.g., beryllium and copper, the stability of which, shown by their 
volatility, is ascribed by Morgan to their symmetry (loc. cit., p. 190). 
Interest therefore attaches to the chelate derivatives of trimethyl- 
platinum and of dialkylthallium, all of which are stable, crystalline 
solids. They contain only one chelate ring attached to each metallic 


* See also Menzies, Sidgwick, Cutcliffe, and Fox, J., 1928, 1288. 
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atom; the molecules are unsymmetrical, but they are frequently 
volatile. The acetylacetones of thallium, and of dimethy]l-, diethyl-, 
dipropyl-, and dibutyl-thallium, present a graduated series of which 
the thallous compound approaches, but does not reach, in instability 
sodium or potassium acetylacetone, whilst dibutylthallium acetyl- 
acetone in its greater stability and insolubility in water resembles 
the acetylacetones of copper or beryllium. Dibutyl- and dipropyl- 
thallium acetylacetones may be precipitated from dilute aqueous 
solutions of the hydroxides by addition of acetylacetone, but the 
diethyl-, dimethyl-, and thallous compounds only from concentrated 
aqueous solutions. The thallium in all these compounds may be 
estimated by titration with sulphuric acid, in presence of methy]l- 
red; the last two compounds are titrated rapidly by adding the acid 
to the solid substances, the diethyl compound more slowly, whilst 
reaction between solid dipropylthallium acetylacetone and aqueous 
acid at room temperature takes days. This difference in the rate of 
titration is probably due to difference in solubility in water, for all 
these substances, and also the corresponding similarly graduated 
thallium and dialkylthallium propionylacetones and dipropionyl- 
methanes, can be rapidly and accurately titrated if first dissolved 
in 80% ethyl alcohol. Inspection of the m. p.’s shows that in passing 
from the thallous to the dimethylthallium compounds there is a 
considerable rise in m, p., followed by a gradual fall on passing to the 
higher dialkylthallium derivatives. As far as we know, all chelate 
dimethylthallium compounds have higher m. p.’s.than the corre- 
sponding diethylthallium compounds, the non-alkylated derivatives 
often melting lower than either. The well-known so-called anomal- 
ous higher melting points of methyl esters (Malkin, Nature, 1931, 
127, 126) thus find a parallel among these organometallic compounds. 
The replacement of methyl] by ethyl groups attached to carbon has a 
greater effect on the m. p. than the replacement of ethyl by methyl 
groups attached to thallium, for dimethyl-, diethyl-, and dipropyl- 
thallium dipropionylmethanes (I) have each, in turn, lower m. p.’s 
than the respectively isomeric diethyl-, dipropyl-, and dibutyl- 
thallium acetylacetones (III). 


H H H 
C C Zz 

Ya Z™ \ 

a CEt rca CEt Med CMe 
O O 

\_#¥ \ ¥ \ # 
Tl Tl Tl 

f:% Pe, * 

C,H, +1 C,Hon +1 CH, CH, C, + He, +3 C, + Hon +3 

(I.) (II.) (III.) 
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EXPERIMENTAL. 


These compounds, of which thallous acetylacetone (Kurowski, Ber., 1910, 


43, 1078) and dimethyl- and diethy]-thallium acetylacetones (Menzies, Sidgwick, 
Cutcliffe, and Fox, J., 1928, 1288) are already known, were all made from 
TIOEt or from the dialkylthallium ethoxides. About 1300 g. of TIOEt were 
made in a few hours from H-CO,T! (see J., 1930, 1571), and the derivatives 
rapidly crystallised on mixing equiv. amounts of it with the diketone in light 
petroleum. Solutions of the dialkylthallium ethoxide in C,H, were prepared by 
double decomp. of the respective dialkylthallium halides and TIOEt in C,H, 
solution, and standardised with 0-2N-H,SO, aq. (methyl-red). Dipropionyl- 
methane was prepared from ethyl propionate and COMeEt (Fischer and 
Bartholomaus, Ber., 1912, 45, 1983), and propionylacetone similarly from 
EtOAc and COMeEt. Weighed amounts of the diketones were then added 
to the calc. vols. of the standardised solutions, and after removal of the 
C,H, on a water-bath, the crude dry product was recrystallised from 
hexane or light petroleum. All these compounds separate from hexane in 
long silky needles, except dimethylthallium propionylacetone (II) and 
dipropionylmethane, which form compact prisms. All the alkylated TI! 
compounds described in this paper can be sublimed in air by careful heating 
in a test-tube. Their m. p.’s and analytical data are given in the following 
tables. The C and H contents of all org. Tl compounds may be estimated by 


M. p.’s and T| contents (by titration). 


Tl, %- C, %.- H, %- 
ee, ——_ ee ee, 
M. p. Found. Cale, Found. Cale. Found. Cale. 
1. Thallous acetylacetone 161° 67-06 67°34 19-76 19-77 2-43 2-33 
2. Dimethylthallium acetyl- 214—215 61-21 61-3 25-00 25-20 3-9 3-9 
acetone 
8. Diethylthallium acetylacetone 200 56-7 56-5 30-7 29-9 5-0 4-7 
4. Dipropyithallium acetylacetone, 181524255 £44} 33-89 {ca 5-43 
©,,H,,0,T > - 
5. Dibut Hthattswm acetylacetone, 138—139 49-43 48-96 $3736) 37.36 £597) Gog 
rs) af 6-04 
igHy50,T° mf ; 2511) op 3-32 ye. 
6. Thallous , SST eeeaae 70 62-0 61-7 25-1] 25-34 3-44 3-35 
O,H,,0,T! 99.75 4k 
7. Dimethylthallium dipropionyl- 121 57:3 565 39675 29° 4077 47 
methane, O,H,,0,T1 33-86 5-56 
8, Diethylihatisum di propionyl- 116623525 | {BR8O} 33.89 {oss} 5-43 
thane, C,,H,,0,T1 
— CH a2 a, > 5-98 
9. Dipropylthal ium dipropionyl- 89 49:35 48-96 {37 17 37-36 {50 6-04 
methane, C,3H4,0,T! ‘175 — 
, » CysHy504 ' 28-03 7.0 4°71 
10. Dimethylthallium propionyl- 162 60-1 58-81 onan 27-64 4:35 
’ 27-73 4-43 
acetone, O,H,,0,T1 | 31-51 5-11 
1l. Diethylthallium propionyl- 147 53-99 54-4 31-83 31-96 iy 5-11 


acetone, Cy gH,,0,T! 
8 and 7, 4 and 8, 5 and 9 are respectively isomeric. 


combustion in the usual way (Kuhlman, Annalen, 1863, 126, 76). The 
combustions of Nos. 4-11 were carried out by Dr. Ing. A. Schoeller. 


The authors thank the Colston Research Society for a grant. 
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387. Action of the Grignard Reagent wpon Amino- 
nitriles. Part II. 


By Tuomas THomson and Tuomas §. STEVENS. 


An a-aminonitrile and a Grignard reagent may interact in either of 
three ways (Bruylants, Bull. Acad. roy. Belg., 1924, 10, 166; 1925, 
41, 261; Stevens, Cowan, and MacKinnon, J., 1931, 2568, regarded 
as Part I of this series); thus R’’MgX and R-CH(NR’,)-CN may give 


R-CH(NR’,)‘R” (I), R:CH(NR’,)*COR” (II), 
or ‘ R-CH(NR’,)-CH(NR’,)'R (III). 


The present study is principally concerned with the effect upon the 
reaction course of altering R and R” while R’ = Me; most of the 
cases recorded in Part I have been re-examined. Reaction (III) has 
not been encountered with dimethylamino-nitriles. 

The results, collected in Table I, lead to the following rules: (a) 
When R = H, (II) predominates, irrespective of the nature of R”. 
(6) When R is a lower alkyl, (II) predominates if R”’ is alkyl, and 
(I) if R’’ is Ph or CH,Ph. (c) When R = Ph, the main product is 
always (I). 

Rule (a) was commented upon in Part I. The controlling factor 
in the cases falling under (5) is not simply the weight of R, since 
cyclohexyl behaves like the simple alkyls [case B(4) in Table I). 

It is consistent with general experience that double decomposition 
(reaction I) is strongly favoured by insertion of Ph in the «-position 
to the replaceable (CN) group (rule c), but the similar effect of B- 
phenylation [case F(2)] was not anticipated. 

The sensitiveness of the reaction to small constitutional changes is 
well shown by the effect of replacing the dimethylamino- by the 
piperidino-group in the nitrile; the results in Table I show complete 
suppression of reaction (II). As Bruylants’s result for H(1) was es- 
pecially surprising, the experiment has been repeated and confirmed. 
The exclusive formation of product (I) is apparently not due to some 
specific property of the heterocyclic piperidino-radical, for Bruylants 
(loc. cit.) obtained 83°, of product (I) from «-dimethylamino-n- 
valeronitrile and ethylmagnesium bromide. The considerations 
advanced in Part I suggest that these differences may be associated 
with the basic strength of the amino-nitrogen atom, amino-nitriles 
derived from piperidine or diethylamine undergoing reaction (I) 
more readily than those derived from the weaker bases dimethyl- 
amine and ethylaniline (compare Part I), but the matter requires 
further investigation. 
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TaBxeE I, . 
a 
(The numbers recorded are percentage yields of products of types (I) and (II); : 
m signifies main product. ]} P 
Dimethylamino-nitriles (NR’, = NMe,). ” 
Grignard Reagent. M 
R in (1) (2) (3) (4) T 
R-CH(NR’,)CN. MeMgI. EtMgBr. PreMgBr. C,H,,MgCl. b 
Q) (dt) @) dap @ dd @ ad) 2 
DU Mtchcékinkecelnc wicca. © 50 2 0 60 0 58 -- | 
NO i ndeceiiereceders 2G! GD 13 «50 0 67 0 64 p 
(C) tm 0 53 — ions wd F 
(D) C H(NMe,)-C Hy Ly it f 3 oo 
(E) CHMe:CH ......... iis Me ait wl 
(F) CH,Ph » dks — 89 03 — — 
| are 02 _ 89 03 _— 
Grignard Reagent. si 
~ n 
(5) (6) (7) (: 
CH:CMgBr. CH,Ph-MgCl. PhMgBr. d 
(fT) (it) (i) (mq) (I) (i) d 
(A) H no reacn. 0 >650 0 78 * t 
gta — 76 0 78 0 r 
(C) Pre ..... ‘ -- “= 71 03 
(D) CH (NMe,): CH, — 67 02 Mm 04 0 
(E) CHMe:CH ......... il es 60 04 t 
(F) CH, Ph . — — m — 1 
(G) Ph ... Sun a ve 0? 7 
Piperidino-nitriles (NR’, = C;H,)N). y 
Grignard Reagent. a 
Pe are aD r 
( 1) (2) (6) (7) q 
MeMgI. EtMgBr. CH,Ph-MgCl. PhMgBr. ‘ 
(1) (it) (@ () dd) (mh qd) (dy I 
ne ers _ Ss _ , 
it tere 0 ** — 63 0* 63 0? 
Dt cccaweinerscee eT ert — 90 04 m 0* : 
(L) CHy:CH .......0.... aide wae pie 4030 Of 
IDE) Bir. cccere sine end obe am 80 OF 60 0oO* 83 5 i 
1 Part I (loc. cit.). * Re-examination of case studied in Part I. ( 
* Compare Thomson and Stevens (this vol., p. 1932); EtMgI was used in 1 
case F(2), * Bruylants (locc. cit.). 5 Christiaen (Bull. Soc. chim. Bely., ' 
1924, 33, 483). * Derived from ‘“ competitive ’’ experiment (compare Pp. 
2611). * Grignard reagent of type RMgBr. ft Almost quantitative. ' 
] 
The interpretation of the results of this study is difficult, because | 
the effect of a given structural change upon the nature of the final 
product may be regarded as compounded of its separate effects upon 
the velocities of the individual reactions (I) and (II). In order to | 
obtain some indication of the nature of these effects in cases B(1), 
B(6), and B(7) (dimethylamino-propionitrile and different Grignard | 
reagents), the Grignard reagents were allowed to compete in pairs | 
(1 mol. of each) for 1 mol. of (a) propionitrile [reaction exclusively | 
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according to (II)] and (6) piperidinopropionitrile [reaction’ solely 
according to (I)]. The results are expressed as percentage yields of 
product, calculated on the nitrile used : 


MeMgl : CH,Ph‘MgCl. MeMgl : PhMgBr. 
MeCN POW | nisriincesinssrad) 0,88 38 0 67 
Me-CH(NC;H,9)"CN .....+0+e 0 63 0 60 


They are consistent with those in Table I. They show (the method 
being assumed valid) that both reactions can be strongly affected, 
and in the same sense, by the same constitutional change; and, in 
particular, that the exclusive appearance of product (I) in cases 
B(6) and B(7) is not due to inhibition of reaction (II). 


EXPERIMENTAL. 


The amino-nitriles were prepared as described in Part I, the known sub- 
stances having the properties ascribed to them in the literature. The amino- 
nitrile (1 mol.) in Et,O was gradually added to the cooled Grignard reagent 
(2 mols.) and, after 15 hrs., the products were obtained in Et,O, either after 
decomp. with ice and NH,Cl, or after treatment with dil. H,SO, and steam- 
distillation of the basified acid layer into dil. HCl, followed by evaporation of 
the HCl and basification of the residue with conc. NaOH in presence of Et,O, 
The method used in each individual case is specified respectively by “‘ NH,Cl” 
or ‘‘ H,SO,,” and the word “ negative ” refers to the result of the qualitative 
test (below) for product (I). 

Preliminary expts. on the quant. separation of products of types (I) and (II) 
were carried out with mixtures of CH,Ph‘NMe, and Ph-CO-CH,NMe,. 
Methods depending on the use of reagents for the CO group, or on the difference 
in basic strength between the two products, were not satisfactory, After 
reduction of the mixed methosulphates. by Zn—AcQOH, (I) was recovered 
quantitatively as methopicrate, and (II) in part as COPhMe. This process 
was used to identify many of the ketonic bases as N-free ketones (included 
below, without further comment, among the derivatives of the amino-ketones), 
and also as a qual. test for product (I); the test is regarded as reliable and 
sensitive, except possibly for the bases of lowest mol. wt. 

As these methods were not quant., the products were separated as far as 
possible by distillation [in cases A(1), B(1), and B(2), some or all of product (I) 
distilled with the Et,O], and the fractions were converted into eryst. derivatives, 
usually picrates, whose homogeneity was carefully examined. The materials 
were so tractable that the zero values in Table I are considered to represent at 
most very small quantities of the corresponding substances, especially of 
products (I). The same applies to the figures quoted from Bruylants and from 
Christiaen, who used relatively large quantities of materials, and state expressly 
that formation of (II) was never observed. 

(A) Dimethylaminoacetonitrile (von Braun, Ber., 1907, 40, 3937); picrate, 
fine, yellow needles, m. p. 168—169°, from EtOH (Found: C,H,0,N,, 73°4. 
C,H ,N,,C,H,0,N, requires C,H,0,N;, 73°2%). 

(2) EtMgBr (H,SO,; negative) gave dimethylaminomethyl ethyl ketone; 
hydrochloride and hydrobromide non-cryst.; picrate difficult to purify; 
P*bromophenacylobromide, small prisms, m. p. 180—181° (decomp.), from 
Pernt ood : ionisable Br, 20-1. C,,H,,O,NBr-Br requires ionisable 
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Br, 20-4%); methyl ethyl ketone 2 : 4-dinitrophenylhydrazone, fine, orange- 


red needles, m. p. and mixed m. p, 111—112°, from EtOH (Found: N, 22-3, 


Cale. for C,,H,,0O,N,: N, 22-2%). 

(3) PreMgBr (H,SO,; negative) gave dimethylaminomethyl 1n-propyl- 
ketone; p-bromophenacylobromide, minute prismatic needles, m. p. 178—181° 
(decomp.; softening at 175°), from EtOH-—Et,O (Found : ionisable Br, 19-4. 
C,,H,,0,NBr-Br requires ionisable Br, 19-7%); methyl n-propyl ketone 2:4. 
dinitrophenylhydrazone, orange-red leaflets, m. p. and mixed m. p. 142—143°, 
from EtOH (Found: N, 21-0. C,,H,,0,N, requires N, 21-1%). 

(5) The amino-nitrile after treatment with CH:C-MgBr (Salkind and 
Rosenfeld, Ber., 1924, 57, 1690) was recovered quantitatively as picrate. No 
attempt was made to “ force ”’ the reaction by heating. 

(6) The crude product (yield 75%) of the reaction with CH,Ph-MgCl (H,80,; 
negative) decomposed partially on steam-distillation. Dimethylaminomethyl 
benzyl ketone hydrobromide formed fine needles or minute, short prisms, m. p. 
151—153°, from EtOH-Et,O (Found: HBr, 31-9. C,,H,,ON,HBr requires 
HBr, 31:4%); phenylacetone semicarbazone, m. p. 187—-189° (Wolff, 
Annalen, 1902, 325, 146, gives m. p. 188—189°), and phenylhydrazone, m. p. 
83—85° (Miller and Rohde, Ber., 1890, 23, 1074, give m. p. 85°). 

(7) PhMgBr (NH,Cl; negative) gave phenacyldimethylamine; picrate, 
m. p. and mixed m. p. 143°; acetophenone phenylhydrazone, m. p. and mixed 
m. p. 105—106°. 

(B) a-Dimethylaminopropionitrile (Henry, Bull. Acad. roy. Belg., 1904, 
741). 

(1) MeMgI (H,SO,) gave dimethylisopropylamine; jicrate, fine, yellow 
needles, m. p. 240—241° (decomp.), from EtOH (Found: C,H,0,N;, 72-6. 
C,H,,N,C,H,0,N, requires C,H,0,N,, 72-5%): and also methyl a-dimethyl- 
aminoethyl ketone; picrate, m. p. 166—168° (after frequent recrystn. from 
EtOH to remove traces of dimethylisopropylamine picrate) (Found : C,H,;0,N;, 
66-9. C,H,,0ON,C,H,O,N, requires C,H,O,N,, 66-6%); methyl ethyl ketone 
2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 111—112°. For com- 
parison, dimethylisopropylamine was prepared by.Eschweiler methylation of 
tsopropylamine (Goldschmidt, Ber., 1887, 20, 728); the diluted reaction product 
was evap. to dryness and the base, liberated by conc. NaOH in presence of 
Et,0, converted into picrate, identical with that described above. 

(2) EtMgBr (H,SO,) gave dimethyl-sec.-butylamine; picrate, fine, yellow 
needles, m. p. 192—193°, from EtOH (Found: C,H,0,N;, 69-6. 
C,H,,;N,C,H,0,N, requires C,H,0,N,, 69-4%): and also ethyl a-dimethyl- 
aminoethyl ketone; picrate, minute yellow prisms, m. p. 161—163°, from 
acetone (Found: C,H,0,N,;, 64:5. C,H,,ON,C,H,O,N, requires C,H,0,N;, 
64-0%); diethyl ketone semicarbazone, m. p. 138—139° (Dilthey, Ber., 1901, 
34, 2122, gives m. p. 139°). For comparison, dimethyl-sec.-butylamine, 
picrate identical with that just described, was prepared by Eschweiler methyl- 
ation of sec.-butylamine (Freylon, Ann. Chim., 1908, 15, 285). 

(3) PreMgBr (H,SO,; negative) gave a-dimethylaminoethyl n-propyl 
ketone; picrate, small yellow prisms, m. p. 200—201°, from acetone (Found: 
C,H,0,N;,, 62-0.) C,H,,ON,C,H,0,N, requires C,H,O;N,, 61-6%); ethyl 
propyl ketone semicarbazone, m. p. 110°, as found by Blaise (Compt. rend., 
1901, 138, 1218). B-Dimethylaminopentane picrate, synthesised for com- 
parison in the same way as dimethylisopropylamine picrate, formed small, 
yellow prisms from acetone, m. p. 208—210°, strongly depressed on admixture 
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with dimethylaminoethyl n-propyl ketone picrate (Found: C,H,0;,N;, 
66-4. C,H,,N,C,H,0,N, requires C,H,0,N;, 666%). 

(4) cycloHexylmagnesium chloride (NH,Cl) gave cyclohexyl a-dimethyl- 
aminoethyl ketone, b. p. 220—240°; picrate, difficultly crystallisable, yellow 
prisms, m. p. 165—167°, from MeOH (Found: O©,H;0,N,;, 55-9. 
C,,H,,ON,C,H,O,N, requires C,H,;0,N;, 556%); p-bromophenacylobromide, 
minute, prismatic needles, m. p. 213—214° (decomp.), from EtOH-Et,O 
(Found : ionisable Br, 17-2. C,,H,,0,NBr-Br requires ionisable Br, 17-4%); 
cyclohexyl ethyl ketone semicarbazone, m. p. 149—150°,.as found by Hell and 
Schaal (Ber., 1909, 42, 2232). 

(6) CH,Ph-MgCl (NH,Cl) gave f-dimethylamino-a-phenylpropane, pale 
yellow liquid, b. p. 148—150°/100 mm.; methiodide, rectangular prisms, 
m. p. 227—228° (von Braun, Heider, and Neumann, Ber., 1916, 49, 2618, give 
m. p. 228°), from EtOH (Found: I, 41-4. Cale. for C,,H,,NI: I, 416%); 
methopicrate, yellow prisms, m. p. 103—105°, from EtOH-H,O (Found: 
C,H,O,N,', 56-4. C,,H,.N-C,H,O,N, requires C,H,O,N,’, 562%). 

(7) PhMgBr (NH,Cl) gave a-phenylethyldimethylamine, b. p. 194—195°; 
picrate, yellow leaflets, m. p. and mixed m. p. 136—139°, from MeOQH—H,O 
(Stevens, J., 1930, 2113). 

(C) a-Dimethylamino-n-valeronitrile boiled at 170—175° (Henry, Bull. 
Acad, roy. Belg., 1898, 36, 245, gives b. p. 175—176°). 

(1) MeMgI (H,SO,; negative) gave methyl a-dimethylamino-n-butyl 
ketone; picrate, stout, yellow, prismatic needles, m. p. 118—120°, from 
EtOH (Found: C,H,0,N;, 61-9. C,H,,ON,C,H,0,N,; requires C,H,0,N;,, 
616%); methyl n-butyl ketone semicarbazone, m. p. 126—127° (Bouveault 
and Locquin, Bull. Soc. chim., 1904, 31, 1157, give m. p. 127°). 

(H) Piperidinoacetonitrile (Knoevenagel, Ber., 1904, 37, 4082). “ 

(1) MeMgI (H,SO,) yielded ethylpiperidine (50%), b. p. 126—129°; picrate, 
fern-like aggregates of yellow prisms, m. p. 167—168°, from EtOH (Found : 
C,H,0,N;, 67:2. Calc. for C;H,,N,C,H,0,N,: C,H,0O,N;, 67-:0%). Bruy- 
lants (loc. cit.) gives base, b. p. 128—129°; picrate, m. p. 165°. A small 
amount of a higher-boiling liquid was also obtained, as found by Bruylants, 
which gave an apparently homogeneous methiodide, prismatic needles, m. p. 
296—297° (decomp.), from EtOH—Et,0; acetonylpiperidine methiodide melts 
at 126° (Stormer and Burkert, Ber., 1895, 28, 1251). 

Competitive Experiments.—The nitrile (1 mol.) was added to the Grignard 
reagents (1 mol. of each, estimated by acid titration; compare Gilman and 
Meyer, Rec. trav. chim., 1926, 45, 314) in Et,O. 

Propionitrile (Walden, Ber., 1907, 40, 3216) gave with MeMgI + 
CH,Ph-MgCl (H,SO,), methyl ethyl ketone (weighed as 2 : 4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. 111—112°) and also benzyl ethyl ketone 
(b. p. 222—227°; semicarbazone, m. p. 150—153°: Tiffeneau and Fourneau, 
Compt. rend., 1908, 146, 699, give m. p. 153°); 2 : 4-dinitrophenylhydrazone, 
fine, deep-yellow needles, m. p. 140—141°, from EtOH (Found: N, 17-2. 
C,H, ,.0,N, requires N, 17-1%). MeMg! + PhMgBr (H,SO,) gave only pro- 
piophenone, b. p. 217—220°; 2 : 4-dinitrophenylhydrazone, red leaflets, m. p. 
and mixed m. p. 187—189°, from EtOH (Found: N, 17-8. C,,;H,,0O,N, 
requires N, 17-8%). 

a-Piperidinopropionitrile (Knoevenagel, loc. cit.) gave with MeMglI + 
CH,Ph-MgCl (H,SO,) only a-phenyl-f-piperidinopropane; picrate, non-cryst. ; 
P-bromophenacylobromide, minute prisms, m. p. 197—199°, from EtOH- 

















2612 DAWSON AND SPIVEY: CATALYTIC EFFECTS 






Et,0 (Found: ionisable Br, 16-8. C,,H,,ONBr-Br requires ionisable Br, 
166%). For comparison, the same substance was prepared (reaction of 
Leuckart and Wallach) by heating benzyl ethyl ketone (1 mol.), piperidine 
(1 mol.), and formic acid (80%; 2—3 mols.) at 170—200° for 3 hrs. (sealed 
tube). The C,H, extract of the basified product was thoroughly washed with 
H,0, evaporated, and the residue converted into p-bromophenacylobromide, 
identical with that described above. Withthe same nitrile, MeMgI + PhMgBr 
(H,S0O,) gave only 1-a-phenylethylpiperidine; picrate, m. p. and mixed m. p, 
145—147° (softens at 142°) (cf. Stevens, Cowan, and MacKinnon, loc, cit.). 


The authors are indebted to the Carnegie Trustees for a Teaching Fellowship 
held by one of them (T. S. 8.) and for a Scholarship held by the other (T. T.). 
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388. Catalytic Effects produced by Tartaric Acid, 
Sodium Hydrogen Tartrate, and by First- and 
Second-stage Tartrate Buffers. 


By H. M. Dawson and E. Spivey. 


PREVIOUS investigations of the nature of the catalytic effects pro- 
duced by acids and their buffer mixtures include a detailed study of 
the behaviour of oxalic acid in the first and second stages of dis- 
sociation (Dawson, Hoskins, and Smith, J., 1929, 1884; Dawson 
and Smith, J., 1929, 2530; 1930, 79)... The constants for the two 
stages of dissociation of oxalic acid are widely separated (K,= 
5:7 x 10%, K, = 7-2 x 10°, K,/K, = ca. 800) and this simplifies 
to some extent the interpretation of the observed catalytic effects. 
The present paper gives an account of the behaviour of tartaric 
acid and its salts. For this acid, the two stages of dissociation are 
much less widely separated, in that the ratio K,/K, is probably less 
than 30. This difference is reflected in the general character of the 
kinetic data for the two acids and their buffer mixtures. With 
oxalic acid, the constants K, and K, can both be readily obtained 
from measurements of the velocity of the acetone-iodine reaction. 
Similar observations lead without any difficulty to a value of K, 
for tartaric acid, but on account of the overlap in the two stages of 
dissociation, it is only possible to derive an approximate value for 
K,. 
The systematic investigation of the effects produced in this re 
action at 25° by tartaric acid, sodium hydrogen tartrate, and by 
first- and second-stage buffer mixtures shows quite definitely that 
catalytic activity must be attributed to the tartaric acid molecule, 
the bitartrate ion, and the bivalent tartrate ion, and that conditions 
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may be readily obtained in which the effects produced by other 
catalytically active entities are relatively unimportant. 

For the evaluation of the several catalytic coefficients and the 
quantitative interpretation of the measured reaction velocities, it is 
necessary to know the concentrations of the various catalysts, and 
the procedure followed in this connexion may be illustrated by 
reference to the first-stage buffer mixtures represented by the general 
formula cH,T +- xNaHT. 

For such solutions, stoicheiometric and electro-neutrality con- 
siderations lead to 


[H,T] + [HT ])+[T’]=e+e . . . () 
Ay gf oe tt Oe a: er +) 
whilst the mass-law relations give 
[H")[HT’}/[H,T] = K, (3); [HT )/(HT’]) = K, . (4) 
These lead to 
[H"] = K,(c — [H’) + [T"))/(« + [H] — 2[T”]) . (5) 


[T”’] = K,(x + [H") — 2(T”’)/{H] . - - (6) 


An approximate value of [H’] is first”obtained from (3), and this 
when substituted in (6) gives an approximate value of [T’’] which is 
then introduced into (5) to obtain a more nearly correct value of 
[H’], the process being repeated if necessary. The values of [H,T] 
and [HT’] are then given by 


[H,T]=¢—(H]+(T") . . ..,(7) 
(HT’] = 2+ (H'}—2[T"]) . . J 8) 


In determining the constitution of solutions of tartaric acid, 
sodium hydrogen tartrate and second-stage buffer mixtures, similar 
equations are applicable, and the procedure followed is essentially 
the same. 

It is well known that the mass-action coefficients K, and K, vary 
with the salt content of the solution, and this influence of environ- 
ment on the value of K, for tartaric acid has been examined: in 
detail with results which are exactly similar to those previously 
found in the investigation of the behaviour of monobasic acids 
(Dawson and Lowson, J., 1929, 1217). By the substitution of an 
inert-salt solution for water as the solvent medium, it would be 
possible to reduce very considerably the variations of K, and K,, 
but, on the other hand, it is to be noted that the tartrates are not 
very soluble in water, that the solubility is reduced in presence 
of other salts, and that the scope of the observations would necessarily 
be more restricted in salt solutions. For this reason, water has been 


and 














2614 DAWSON AND SPIVEY: CATALYTIC EFFECTS 


employed as solvent, and although this procedure is necessarily 
associated with variations of K, and K,, it is significant that if 
these coefficients are modified to the same extent by variations 
in the salt content of the solution, the concentrations of the tartaric 
acid molecule and of the bitartrate and tartrate ions are not 
appreciably changed. This does not, however, apply to the 
hydrogen-ion concentration, but since the catalytic influence of the 
hydrogen ion in the buffer mixtures is for the most part relatively 
small, it follows that the variations in K, and K, can generally be 
ignored. 

Furthermore, since the solutions containing the tartrate buffers 
are limited in concentration, it would seem permissible, in accordance 
with previous results (Dawson and Key, J., 1928, 1248), to assume 
that the catalytic coefficients do not vary appreciably with the salt 
content of the reaction medium. 

The sum total of the observed catalytic effects shows that the 
reaction velocity is to be represented in general by the equation 

v= + nr + Un + Ure + Ww + Von - - (9) 
in which the partial velocities are those due to the entities represented 
by the corresponding subseyipts. The relative importance of the 
partial velocities varies enormously, and under certain conditions 
some of the terms in this equation may be neglected. 

Catalytic Effects of Tartaric Acid.—The experiments with solutions 
of tartaric acid extend over the range c = 0-005 to 0-5 mol. per 
litre. At these concentrations, the second-stage dissociation is 
inappreciable, and on the assumption that the reaction velocity is 
represented by v = v;, + Ynr + Yar = kal] + uyr[ HT] + kar [HT’), 
the experimental data may be employed for the derivation of K, 
and ky,r by the method which has been successfully applied to mono- 
basic acids of widely varying ionisation tendency (cf. Dawson, Hall, 
and Key, J., 1928, 2844). The equation for the reaction velocity may 
be put in the form v/V[H,T] = (ki + kuv)V K,+ ku,rV [HQT], and 
in accordance with this, it is found that the plot of v/V(H,1) 
against /[H,1] yields a straight line. The slope of this gives the 
value of ky,r, and the intercept on the zero ordinate affords a measure 
of (ki, + har)V K,,in which k, and kyy are known. The data for the 
tartaric acid solutions lead in this way to K, = 8-5 x 10+ and 
ky,r = 26-0 x 10%. The higher value of K,=9-7 x 10~ derived by 
Ostwald from conductivity measurements (Z. physikal. Chem., 1899, 
3, 370) is no doubt in part due to the use of 320-5 for the mobility 
of the hydrogen ion whereas the true value is probably not far 
removed from 350. . 

The reaction velocities at 25° with an acetone concentration 
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of 20 c.c. per litre are shown in Table I. The successive horizontal 
rows give the molar concentration of the acid, the hydrogen-ion 
concentration, the calculated partial velocities v,, vg,r, and vy’, the 
calculated total velocity ,,)., and the observed velocity von. The 
coefficients used for the hydrogen and the bitartrate ions are 
ky, = 465 x 10°, ky = 8-5 x 10, and the velocities are expressed 
in mols, per litre per minute. 


TaBLeE I. 
Catalyst: tartaric acid. 


© jase posges 0-005 0-01 0:02 0-04 0:05 008 O1 O15 025 0-5 

10*.[H"] 16-8 25-2 37-2 542 61-1 783 880 108-7 141-6 202-0 
10°, ...0°78 1:17. 1-73 2-62 2-84 3-64 409 5-06 6-58 9-39 
10°. vg,r 0-09 0-195 0-42 0-90 1-14 1:88 2:37 3-62 6-13. 12-50 
10°. var 0-01 0-02 0-03 0:05 0:05 0-07 0:08 0-09 0-12 0-17 
10°. vac. 0°88 1:39 2:18 3:47 403 559 654 8-77 12:8 22:0 
6 


10° .%r, 0-91 1:40 2:20 3:49 4:03 5-65 55 8-80. 12-9 22-2 


Throughout the entire series the calculated and observed velocities 
are in close agreement and, as in the case of other acids which have 
been previously examined, there is no evidence of any change in 
the values of either the dissociation constant K, or the catalytic 
coefficients. The apparent constancy of K, with increasing ionic 
concentration of the solution is very possibly due to the circum- 
stance that the increase of K, which would be expected to result 
from the increasing magnitude of the interionic force effect is counter- 
balanced by an opposite effect of the medium due to the increasing 
concentration of the tartaric acid molecules. . 

The interionic force effects are shown very clearly when the 
concentration of the tartaric acid is fixed, and the ionic concentration 
of the environment is increased by the addition of varying quantities 
of an inert salt. Table II gives the results obtained with 0-1M- 
tartaric acid on the addition of sodium chloride. For such solutions 
the hydrogen-ion concentration may be derived from 


[H") = (v — O-l kyr) /(ka + kav — buy,r) 


in which the variation of k, with the concentration of the inert 
salt is taken into account. According to the evidence afforded 
by previous investigations (cf. Dawson and Key, J., 1928, 1248), the 
corresponding variations in kyy and ky,r are probably small, and 
these are assumed to have the values already recorded. 

The hydrogen-ion concentration having thus been determined, 
the value of K, is given by K, = [(H'}?/(c — [H’]). The results 
show that the first-stage dissociation coefficient increases with the 
salt concentration, passes through a maximum, and then slowly 
decreases. If K,* represents the coefficient in sodium chloride solution 
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(2 mols. per litre) and K,° the coefficient for salt-free solution, the 
variation may be expressed by 


log K,*/K,° = 0-54,/a —0-24r . . . (10) 


In Table II the successive columns give the values of x, the initia] 
reaction velocity v, the catalytic coefficient k, (from experiments 
with 0-01M-hydrochloric acid), and K,? obs., obtained as explained 
above ; the last two give the values of K,*/K,° obs. and of K,*/K,° 
cale. derived from the logarithmic formula with K,° = 8-5 x 10+. 
This formula, which obviously reproduces satisfactorily the observed 
variations of K,*, is of the same form as that which expresses the 
connexion between the mass-action dissociation coefficient and the 
corresponding thermodynamic constant when the activity coefficient 
f, in the equation K,° = K,?. (f,)?/fo is evaluated in accordance with 
the Debye-Hiickel theory. The numerical constant (0-54) of the 
x term is, however, only about half as large as the constant which 
is suggested by the latter theory. 


Taste II. 
Ionisation of tartaric acid in sodium chloride solutions. 

x. 10° . vw. 10° . ky. 10°. Ky’. K,*/K,° obs. K,*/K,° cale, 
0 6-55 465 8-5 1-0 1-0 
0-02 6-72 467 9-3 1-09 1-18 
0:06 7-12 472 11-0 1:29 1-30 
0-1 7-29 478 11-6 1:37 1-40 
0-25 7:93 496 14-0 1-65 1-63 
0-4 8-33 516 15-0 1-76 1-76 
0°5 8-70 530 16-1 1-89 1-83 
0-7 9-13 557 16-6 1-95 1-92 
1-0 9-64 596 16-9 1-99 1-99 
1-5 10-4 663 16-7 2:00 2:00 
2-0 11-05 726 16-1 1:90 1-92 
3-0 12-08 870 13-6 1-60 1-64 


The variation of the first-stage ionisation coefficient of tartaric 
acid with the salt content of the solvent medium is precisely similar 
to that already observed with acetic, glycollic, chloroacetic, di- 
chloroacetic, and oxalic acids. For the monobasic acids in this 
series, the effect of sodium chloride on the ionisation coefficient was 
based on measurements of the rate of hydrolysis of ethyl acetate, 
but the value of the coefficient of the /z term in the logarithmic 
formula is identical with that obtained for tartaric acid from 
observations on the rate of the acetone-iodine reaction. _ It may be 
inferred that the constant a in the formula log K7/K°® = ava ~ ba 
is determined solely by the nature of the ions of the added salt. 

Catalytic Effects of Sodiwm Hydrogen Tartrate.—The study of the 
catalytic effects produced by acid salts is of particular interest m 
that the two stages of ionisation are involved. For such solutions it 
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may be shown that [H") = /K,Kf[HT’]/(K,;+[HT’), (H,T] = 
[H(HT')/K,, [HT’] = ¢ ~ [H’] — 2{H,7)] and [TT] = [H'] + 
[H,T]. If the concentration (c) of the acid salt is large compared 
with K,, the first expression reduces to [H"] = VK,K,, and if c is 
small compared with K, it reduces to [H*] = “K,(e — [H’]). In 
so far as the hydrogen ion is responsible for the catalytic effects, 
it nay therefore be anticipated that the connexion between the re- 
action velocity and the concentration of the acid salt will depend on 
the relative magnitudes of c and K,. 

The bitartrate solutions examined range from.c = 0-01 to c = 0-4 
mol. per litre, from which it follows that c is much greater than K, 
throughout the series and therefore [H"] = /K,K,. Although 
increase in the bitartrate concentration is undoubtedly associated 
with an increase of both K, and K,, the influence of this is not 
of much importance since the partial velocity v, is for the most 
part only a small fraction of the measured total reaction velocity 
and the concomitant changes in the concentrations of the chief 
catalysts, the tartaric acid molecule and the bitartrate ion, are 
relatively very small; it follows from this that K, and K, may be 
regarded as constants without introducing any serious error in the 
calculation of the total reaction velocities. 

In addition to K,, ky, kg,r, and ky, this calculation requires a 
knowledge of K, and ky.. The recorded values of K, are not very 
concordant, but recent measurements of the rate of decomposition 
of ethyl diazoacetate (Duboux and Frommelt, J. Chim, physique, 
1927, 24, 245) in which reaction the catalytic effect appears to be 
almost entirely due to the hydrogen ion, suggest that the second- 
stage ionisation constant is not far removed from K, = 3 x 10°, 
and this value has been adopted. The value of ky» = 1-0 x 10® 
is that afforded by our reaction-velocity data for the buffer series 
cNaHT + 2Na,T (p. 2620). In the bitartrate solutions the catalytic 
effect of the solvent is not quite negligible for the weaker solutions, 
and the value v, = 0-007 x 10° (cf. Dawson and Key, J., 1928, 
543) has been introduced as a constant term into the reaction 
velocity equation, which, for this series, becomes v = vp, + Va,r + 
Um + Vr: + Uy. 





Tasce III. 
Catalyst : sodium hydrogen tartrate. 
C titteessees OOL 0-02 0-04 0:06 0:08 0-1 O02 O83 Ord 
1O® 6h ssveoe ove 0-070 0-072 0-073 0-073 0-074 0-074 0-074 0-074 0-074 
10°. vnge ...... 0-034 0-069 0-140 0-211 0-283 0-355 0-710,1-07 1°42 
100 OAT! «+.+-. 0-062 0-123 0-247 0-371 0-495 0-62 1-24 1-85 2-47 
LO PEO nee ene 0-001 0-003 0-005 0-008 0-010 0-014 0-03 0:04 0-055 
10® . Veste, «..... 0-174 0-274 0-472 0-670 0-870 1:07 2:06 3-04 4-03 
OP. Opis, 522... 0-178 0-284 0-475 0-680 0-87 1-06 2-06 309° 417 
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calculated (v,.,)..) and observed (v,»..) reaction velocities. 


From the table it is apparent that the observed and calculated 


Fig. 1. 
Reaction velocity for sodium hydrogen tartrate solutions. 





v x 10. 








alae Vp, 


0 0-1 0-2 03 
Full curve shows observed velocity: broken curves show calculated partial 
velocities for the bitartrate ion, the tartaric acid molecule, and the hydrogen ton. 








velocities are in close agreement over the entire concentration range, 
and strong support is thereby obtained for the validity of the above 
equation. 

By combining the expression [H'] = /K,K, with the stoicheio- 
metric relation [H,T] + [HT’]+[T’]—c and the mass-law 
expressions for K, and K,, it may be shown that [H,T] = [T”]= 
me and [(HT’) = nc, where m = VK,/(VK, + 2VK,) and n= 
VEi/(V K, + 2v K,). It then follows that the equation for the 


The results obtained for the bitartrate solutions are summarised 
in Table III. The first horizontal series gives the molar concentra- 
tion of the bitartrate; the next four show the partial velocities 
Un, Vn,T, Var, aNd vy”, and the last two afford a comparison of the 
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reaction velocity in the bitartrate solutions may be written in the 
form 
v = ky,/K,K, + [(kugr + be-)m + ker . nye + vy 

according to which the velocity should be a linear function of the 
bitartrate concentration c in so far as the latter is not very small. 
The graph in Fig. 1 shows that the observed velocity follows a linear 
course over the entire range from 0-01 to 0-4 mol. per litre. The 
broken curves show the calculated partial velocities vgy, Ug,r, and 
v,, and it is clear that the catalytic effects in the more concentrated 
solutions are almost entirely due to the bitartrate ion and the tartaric 
acid molecule. 

From K, = 8-5 x 10“ and K, = 3-0 x 10°, we obtain m = 0-137 
and » = 0-729, whence dv/dc = 9-9 x 10, which agrees closely 
with the slope of the experimental v-c curve. From this observed 
slope it would obviously be possible to derive a value for the second- 
stage ionisation constant K,. 

Catalytic Effects of First-stage Buffer Mixtures.—The experimental 
data for acid—bitartrate mixtures of the type cH,T + zNaHT 
(c constant, x variable) show that the reaction velocity falls at first 
as x increases, passes through a minimum, and then increases 
linearly with the bitartrate concentration. From the results, 
values for ky,,y and kyyw may be derived by methods previously 
described. These values vary to a small extent with the magnitude 
of ¢ which is characteristic of the series and it seems probable that 
thisisconnected with the formation of tartrate complexes (see p. 2620). 

The observed initial velocities for two series of first-stage buffers 
are shown in Table IV. In these series the partial velocities v, and 
Von’ can be neglected, and the calculated velocities are accordingly 
derived from the equation v = v + vay + Yn + ve”. 


Tasie IV. 

Catalyst : 0-05C,H,O, + zNaHC,H,0,. 
Bs cseneesccccence’ © 0:02 0-04 0:06 0-08 0-1 0-2 0-3 0-4 
Oe? 5 Webs, © coe see 403 2°34 2-12 2-13 2-19 2-35 3-27 4-26 65-30 
10® . Vesic, «0... 404 234 2-14 2-18 2-28 2-42 3:30 4:24 6°20 

Catalyst : 0-1C,H,O, + xNaHC,H,0,. 
MW  cccccessoccccee OO 0-02 0-04 0-06 0-08 01 0-2 0-3 0:4 
woh. re 6-55 436 381 3-66 3:72 3:79 459 5-58 6-70 
a are 655 436 3:86 3:76 3-80 3-88 465 552 6-46 


In both series, the observed and calculated reaction velocities are 
in close agreement. 

Catalytic Effects of Second-stage Buffer Mixtures.—The second-stage 
buffers examined were of the type cNaHT + 2Na,T (c constant, 
«variable). The v-a curve is of the normal type, showing a minimum 
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and a linear relation at the higher values of x. From this, values of 
kyy and kp» may be derived. In consequence of the small value of 
K,, the catalytic effect of the hydrogen ion becomes negligible for 
very small additions of the normal tartrate, and beyond this stage 
changes in the value of K, due to increasing salt concentration may 
be ignored. The saletions for this series of tartrate buffers are thus 
very similar to those met with in the case of acetate buffers of the 
same type. 

The measured velocities for the series 0-05NaHT + 2xNa,T are 
shown in Table V. The catalytic effect of the hydroxyl ion begins 
to be appreciable at the higher values of xz, and the calculated 
velocities are accordingly derived from the general equation (9) 
(p. 2614), :; 
TABLE V. 


Catalyst : 0-1NaHC,H,O, + #Na,C,H,0g. 
@ . cesescccoceccsecceseesss O 0-02 004 0-06 0-1 0-2 0-3 0-4 
10® . obs, ceecseeceereeee 1°06 1:00 0-98 0-965 0-98 1:04 1:15 1-26 
VO® . Veale, sicesseesseeeee LOT 1:00 0-99 0-99 1-01 1-09 1-19 1-29 


The results for other buffer series of this type show the same general 
features, but the detailed observations need not be recorded since 
the accuracy of the measurements is limited by the correction for 
the loss of iodine in the blank (acetone-free) experiments, which is 
considerable for these solutions. For this reason the value ky: = 
1-0 x 10-*can only be regarded as approximate. On the other hand, 
it seems to be quite clear that the slope of the linear portion of the 
v-x curve varies appreciably with the concentration of the bitartrate 
which is characteristic of each such series. This suggests that the 
constitution of these solutions is complicated by the formation of 
tartrate complexes in which the normal tartrate’ions are involved; 
and it is significant that such complex formation has been postulated 
to account for the anomalous dispersion of tartaric acid and its salts 
(cf. Astbury, Proc. Roy. Soc., 1923, 102, 506). 

The observations described show clearly that the acetone—iodine 
reaction is catalysed by undissociated tartaric acid and by the bi- 
tartrate and tartrate ions. The catalytic coefficients for these are 
kur = 26 < 10, kyr = 8-5 x 10%, and ky = 1 x 10°, which 
compare with k, = 465 x 10%. The catalytic effects produced by 
sodium hydrogen tartrate are almost entirely due to the joint 
action of the tartaric acid molecule and the bitartrate ion when the 
concentration of the solution is greater than 0-05 mol. per litre. 
For such bitartrate solutions the catalytic effect is a linear function 
of the concentration. 


Tue University, LEeps. , (Received, September 10th, 1932.] 
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389. Formation of Furfural from Methylated Pentoses, 
By H. G. Borr and E. L. Hirst. 


THE conversion of the unsubstituted pentoses into furfural by the 
action of boiling aqueous hydrochloric acid has long been known, 
and has been used as the basis of several methods of estimation of 
these substances. On the other hand, glucose and its methylated 
derivatives (in particular, those derivatives obtained on hydrolysis 
of di- and poly-saccharides) are notably stable towards hydro- 
chloric acid. In the pentose series, however, Carruthers and Hirst 
observed (J., 1922, 121, 2299) that the hydrolysis of trimethyl 
methylxyloside by aqueous hydrochloric acid is accompanied by 
the formation of furfural, and Neher and Lewis (J. Amer. Chem. 
Soc., 1931, 53, 4411) have now found that trimethyl arabopyranose 
can be made to lose methyl alcohol under the influence of cold 
dilute alkali. In the present paper it is shown that fully methylated 
derivatives of arabofuranose, arabopyranose, xylofuranose, and 
xylopyranose are readily decomposed by hydrochloric acid with 
formation of furfural, the rates of reaction and the amounts of 
furfural produced being directly comparable with those found with 
the free sugars. The times required to reduce the concentration of 
sugar to one-half of the original value, using boiling 12° aqueous 
hydrochloric acid, and the maximum obtainable yield of furfural 
are shown in the accompanying table. 


Time (hrs.) to reduce Max. yield of 


Sugar. conc. by 50%. furfural, %, 
Trimethyl arabofuranose.........+.. 3°4 93 
Trimethyl arabopyranose ............ 12-0 66 
Trimethyl xylofuranose ............... 2-4 34 
Trimethy] xylopyranose ...1.,....6.0. 1-2 80 
SIND » ccdtibnodinkccsdeinnesahansiannen 2°8 76 
NE Basha ce tthussceeneesdcetesabecesctns 1-6 92 


The results show that loss of methyl alcohol occurs with extra- 
ordinary ease, but the mechanism of the reactions which lead to 
the formation of furfural remains obscure. These changes take 
place under the influence of hydrogen chloride either in aqueous 
solution or in methyl-alcoholic solution in the absence of water. It 
would appear that under appropriate conditions the sugar assumes 
the aldehyde form and is subsequently transformed into furfural 
by loss of water and methyl alcohol. The occurrence of an inter- 
mediate enolic modification which readily loses methyl alcohol has 
been suggested in explanation of the transformation of tetramethyl 
fructofuranose into methoxymethylfurfural (Haworth, Hirst, and 
Nicholson, J., 1927, 1514), and it is not impossible that a similar 
mechanism involving the first and second carbon atoms is operative 














2622 BOTT AND HIRST: FORMATION OF 


in the present instances. An intermediate enolic form has been 
suggested also by Neher and Lewis (loc. cit.) in connexion with the 
formation of furfural from trimethyl arabopyranose by the action 
of alkali. Whatever be the mechanism, the remarkable fact that 
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trimethyl fied of both pyranose and furanose structure yield 
furfural with almost equal readiness indicates that the presence or 
absence of a methyl ether group in position 5 is immaterial as 
regards the ease of reaction. On the other hand, great stability 
towards hydrochloric acid is conferred by the addition of a sixth 
carbon atom. Tetramethy! glucopyranose, for instance, which 
differs from trimethyl xylopyranose only in the terminal group, is 
almost unaffected by boiling 8° hydrochloric acid. 

The stereochemical nature of the molecule is of considerable 
importance in connexion with the formation of furfural, arabinose 
and its methylated derivatives being more stable than the corre- 
sponding xylose compounds (cf. Hurd and Isenhour, J. Amer. 
Chem. Soc., 1932, 54, 317). Another example of the ease with 
which xylose derivatives lose methyl] alcohol is provided by 2 : 3: 4- 
trimethy] d-xylonolactone, which gives a furanecarboxylic acid when 
heated with aqueous pyridine (Haworth and Long, J., 1929, 349). 


EXPERIMENTAL. 


Trimethyl Arabofuranose.—Trimethy] arabofuranose (Baker and Haworth, 
J., 1925, 127, 367) was boiled with 12% aq. HCl, the procedure being similar 
to that employed in the estimation of pentoses. The furfural in the distillate 
was weighed as the phloroglucinol compound. Under standard conditions, the 
vol, of distillate collected is 400 c.c., and the wt. of furfural is obtained from 
the wt. of phloroglucide by the formula F = (a + 0-0052) x 0-5185, in which 
F is the wt. of furfural, a that of the phloroglucide compound, and 0-0052 is 
a correction factor to compensate for the solubility of the latter. In the 
present expts. this factor has been proportionately increased in those cases 
where decomp. was not complete until more than 400 c.c. of distillate had 
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phloroglucide was obtained, the vol. of distillate being 600 c.c, The wt. of 
furfural was therefore 0-0605 g. (calc., 0-0649 g.; 93% transformation), 

The rate of decomp. was much slower with more dil. acid. An estimate of 
the rate with various conens. of acid was obtained by following the change 
polarimetrically. The rotations were measured on cooled samples of the 
solution removed at the times specified in parentheses, which are given in 
hours throughout, 0 representing the initial value. 

(a) With boiling 12% ag. HCl. [a]? — 35° (c, 1-3; 0); 80° (1); 27° (2); 
14° (4-5); 4° (6); 0° (8). 

(b) With boiling 9% aq. HCl. [a]f’ — 35° (c, 1-2; 0); 33° (1-5); 29° (5); 
12° (13); 6° (19); 2° (27); 0° (36). 

(ce) With boiling 6% aq. HCl. [a]j}’ — 28° (c, 1-2; 0); 21° (12); 18° (22); 
15° (28); 9° (37); 6° (46); 4° (55); 1-5° (61); 0° (70). 

Trimethyl Arabopyranose-—When boiled with 20% aq. HCl, trimethyl 
arabopyranose (Purdie and Rose, J., 1906, 89, 1204) (0-2327 g.) gave furfural 
(0-0763 g.; 66% of theo.). The rate of decomp. with acid of various strengths 
is shown below. 

(a) With 20% ag. HCl. [a]7}’ + 113° (c, 1-3; 0); 73° (1); 43° (2); 14° 
(4); 7° (5-5); 4° (6-5); 2° (7-5). 

(b) With 12% aq. HCl. [a]j}’ + 116° (c, 1-0; 0); 112° (0-5); 89° (5); 76° 
(8); 67° (10); 44° (15); 32° (18-5); 18° (24); 10° (26-5); 6° (30); O° (37). 

(c) With 9% ag. HCl. [a]j)’ + 109° (c, 1-2; 0); 101° (2); 93° (6); 77° 
(13); 56° (20); 48° (24); 33° (29); 23° (33). 

(d) With 6% aq. HCl. [a]: + 108° (c, 1-6; 0); 107° (7); 99° (14); 93° 
(26); 86° (34); 71° (44); 66° (53). 

Trimethyl X ylofuranose.—Trimethy] xylofuranose (Haworth and Westgarth, 
J., 1926, 880) decomposed rapidly when heated with 12% aq. HCl, giving 
optically inactive products, but the amount of furfural formed was com- 
paratively small (0-0135 g. from 0-0797 g.; 34% yield). The rate of decomp. 
with acid of various concns. is indicated below. 

(a) With a aoe: HCl. [a]? + 32° (c, 1-2; 0); 24° (0-5); 23°(1); 17-5° 
(2); 12° (4); 7-5° (6); 6° (8); 1-5° (11-5); 0-4° (135). 

(b) With be % a. mye [a]? + 32° (c, 1-1; 0); 28° (0-5); 26°(1); 20° (3); 
13° (6); 11° (9); 5-4° (13); 3° (15); 1-5° (19); 0-5° (20). 

(c) With 6% ag. cs [a]j, ‘+ 34° (c, 1-1; 0); 28°. (1); 25° (3); 21° (8-5); 
14-5° (18); 10° (25); 7° (34); 5° (39); 3° (47). 

(d) With 3% aq. HCl. [a]}?’ + 34° (c, 1-2; 0); 30° (4); 29° (6); 28° (11); 
27° (27); 25° (36). 

Trimethyl Xylopyranose.—This sugar, prep. by Carruthers and Hirst’s 
method (loc. cit.), readily gave furfural when boiled with 12% aq. HCl 
(00485 g. from 0-1211 g.; 80% yield). The rate of decomp. at the b. p. was 
as follows: 

(a) With 12% aq. HCl. [a]f?’ + 21° (c, 1-3; 0); 15° (0-5); 18° (1); 9-5 
(1-5); 8-5° (2); 6° (2-5); 3° (4); O° (5). 

(b) With 9% aq. y~p [a]? + 20-5° (c, 1-2; 0); 17-5° (1);- 16° (2); 10° 
(4); 7° (6); 5 (8); 3° (12); 1-3°°(15); 0-4° (17). 

(c) With 6% ag. HCl. [a]? + 20-5° (c, 1-1; 0); 19-4 (1); 175° (4); 13° 
(7); 11° (10); "8° (16); 5° (22); 4° (26); 1-4° (37). 

(d) With 3% ag. HCl. [aJ?’ + 19-5° (c, 1-0; 0); 185° (1); 17°5° (45); 
13-5° (18-5); 10-5° (38); 9° (50). 


been collected. From 0-1297 g. of trimethyl arabofuranose, 0-1091 g. of 
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Action of Boiling 12% Aqueous HCl on Xylose and Arabinose.—For com- 
parison with the above, the rate of decomp. of the free sugars in the presence 
of boiling 12% aq. HCl was studied. 

(a) Xylose. [a] + 22-4° (c, 1-0; 0); 16° (1); 95° (2); 7° (2-5)5 2-4° (4); 
2° (5); 0° (6). 

(b) Arabinose. [a]? + 108° (c, 0-9; 0); 93° (0-5); 85° (1); 63° (2); 50? 
(3); 24° (6); 6° (10); 2° (12). 


The authors are grateful to Professor W. N. Haworth, F.R.S., for his 
interest in this work. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. (Received, August 3rd, 1932.) 





390. Some Aminotetrahydroquinolines. 
By Istporr E. BALABAN. 


ALTHOUGH attempts (Balaban, J., 1930, 2346) to prepare amino- 
tetrahydroquinolines from certain nitro- and amino-methyl- and 
-dimethyl-hydroxyquinolines by reduction with sodium and alcohol 
were unsuccessful, 2-chloro-6-nitro-4-methylquinoline has now been 
found to yield very small quantities of dl-6-amino-4-methyl- 
1: 2:3: 4-tetrahydroquinoline (isolated as dipicrate) on reduction 
with these reagents or with tin and hydrochloric acid. 

Since this series of chloroquinolines was unfavourable for the 
required purpose, five aminomethoxyquinolines were prepared, and 
their reduction with tin and hydrochloric acid examined. Of these, 
only two gave the desired derivatives, viz., 5-amino-6-methozxy- and 
5-amino-8-methoxy-1 : 2 : 3 : 4-tetrahydroquinolines, isolated as di- 
hydrochlorides. The respective bases were immediately oxidised 
when solutions of these salts were basified. 8-Amino-6-methoxy-, 
§-amino-8-methoxy-, and 8-amino-7-méthoxy-quinoline gave only 
intensely purple solutions on reduction. 

8-Methoxyquinoline on nitration yields the 5-nitro-derivative, 
whilst 7-methoxyquinoline gives two nitro-derivatives, mainly 
8-nitro-7-methoxyquinoline. 


EXPERIMENTAL. 


The aminomethoxyquinolines were all prepared by the method of Jacobs 
and Heidelberger (J. Amer. Chem. Soc., 1920, 42, 2278). 

dl-6-Amino-4-methyl-1 : 2: 3; 4-tetrahydroquinoline Dipicrate.—5 G. of 2- 
chloro-6-nitro-4-methylquinoline, abs. EtOH (26 c.c.), Sn (40 g.), and cone. 
HCl (100 c.c.) were heated for 60—70 brs. on the steam-bath. After removal 
of Sn and concentration of the filtrate, the base was obtained in Et,0 48 
usual, and purified as picrate; brown, irregular plates, m. p. 173° (decomp.); 
yield 1-3 g. (Found : C,H,0,N,, 75-0; N, 16-1. C,,H,,N;,20,H,O,N;, requires 
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C,H,0,N;3, 73-9; N, 18-1%). 
factory. 
5-Amino-6-methoxyquinoline was prepared from the nitro-compound 
(Decker and Engler, Ber., 1909, 42, 1740); the picrate crystallised from dil. 
EtOH or H,0, in which it is very sparingly sol., in brick-red needles, m. p. 
be 995° (Found: 0©,H,O,N,, 56-6. ©19H,,ON;,C,H,O,N; requires C,H,0,N;, 
56-8%). 
his 5-Amino-6-methoxy-1 : 2 : 3 : 4-tetrahydroquinoline.—5-2 G. of the hydro- 
chloride of the foregoing base were reduced with Sn (30 g.), EtOH (25 c.ce.), 
and cone. HCl (100 ¢c.c.) for 70 hrs. The dihydrochloride was obtained as 
monohydrate, colourless plates, m. p. 247° (decomp.), from 2N-HCl (yield 
27 g.) (Found, in material dried at 100°: Cl, 26-7, 26-8; N, 10-1. 
0,,H,ON,,2HCI1,H,O requires Cl, 26-4; N,10-4%). The dipicrate crystallises 
from H,O in dark irregular plates, m. p. 147°. 
8-Amino-6-methoxyquinoline.—8-Nitro-6-methoxyquinoline (8 g.; from 3- 
nitro-4-aminoanisole) gave on reduction 2-1 g. of hydrochloride, golden- 
yellow needles, m. p. 228°, from dil. HCl. The picrate crystallises from 
H,0, in which it is sparingly sol., in golden needles, m. p. 221° (decomp.) 
.. (Found : C,H,0,N;, 56-9. C,,H,,ON,,C,H,0,N, requires CgH,0,N;, 56-8%). 
d 5-Amino-8-methoxyquinoline.—5-7 G. of 8-methoxyquinoline (prep. from 
o-anisidine) were added to fuming HNO, (11-5 c.c.) in ice; after 20 mins., 
5-nitro-8-methoryquinoline nitrate was separated, and recryst. from H,O as 
n monohydrate, very pale yellow prisms, m. p. 177° (eff.) [Found, in air-dried 
|. material : loss at 100°, 6-6. C,,H,O0,;N,,HNO,,H,O requires H,O, 6-3. Found, 
n in dried material : HNO, (by nitron) 23-5. C,),H,O,;N;,HNO, requires HNO,, 
23-6%]. The base had m. p. 155°, alone or mixed with an authentic specimen 
(from 4-nitro-2-aminoanisole). 

20 G. of the above nitro-compound in boiling 95% EtOH (150 c.c.) and 
cone, HCl (2 c.c.) were reduced with Fe powder (20 g.) for 4 hrs.; the solution 
was filtered and concentrated, and the deposited material dried and extracted 
with C,H,. The amino-compound was obtained in golden-yellow needles, 
m. p. 156°. The picrate crystallised from H,O, in which it is moderately 
sol., in brown glistening needles, m. p. 126° (Found: C,H,0,N;, 56-8. 
CoH ,,ON,,C,H,O,N; requires C,H,O,N,, 56-8%). 

5-Amino-8-methoxy-1 : 2:3 : 4-tetrahydroquinoline.—5 G. of the above amino- 
compound gave on reduction (as above) 2-9 g., m. p. 250° (decomp.), of 
dihydrochloride of the tetrahydro-base, which crystallises from abs. EtOH in 
colourless, stout, hexagonal prisms, m. p. 258—260° (decomp.) (Found, in 
material dried at 100°: Cl, 27-4; N, 10-4. C,,H,,ON,,2HCI1,4H,O requires 
Cl, 27-3; N, 10-8%). With conc. H,SO, and HNO, this salt gives an intense 
bluish-purple colour, and its alc. solution has a green fluorescence. 

6-Amino-8-methoxyquinoline.—5-5 G. of the 6-nitro-compound (from 5-nitro- 
2-aminoanisole) gave on reduction 1-8 g. of the required amino-compound, 
m. p. 169° (softening from 165°) [Fourneau, Trefouel, and Benoit (Ann. Inst. 
Pasteur, 1930, 44, 748) give m. p. 168°] (Found: N, 16-0. Cale. for 
CyH,ON,: N, 16-1%); the sparingly sol. picrate forms long glistening 
orange needles, m. p. 224° (softening), from water (Found: C,H,0,N,, 55-6. 
CoH, ,ON,,C,H,O,N, requires C,H,0,N;, 56-8%). 

8-Nitro-7-methoxyquinoline.—10 G. of 7-methoxyquinoline (Spéth and 
Brunner, Ber., 1924, 57, 1243) were added to HNO, (d 1-52; 21 c.c.) at 0° 
in very small amounts; after 20 mins., the mixture was poured into ice-water 


Reduction by Na and EtOH was less satis- 
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(400 c.c.). Purification of the solid, and of the material obtained from the 
mother-liquor by basification and extraction with CHCI,, successively through 
nitrate, base, and picrate, yielded 4-8 g., m. p. 178°, of the 8-nitro-derivative; 
0-4 g., m. p. 200°, of an isomeric nitro-compound; and 9-6 g., m. p. 231°, of 
7-methoxyquinoline picrate. 8-Nitro-7-methoxyquinoline crystallises from 
CHCI, in long, stout, thick, pale yellow prisms, m. p. 178°, or from C,H, in 
colourless, glistening, rectangular plates (solubility ca. 4% in hot solution, 
0-5% in cold) (Found: N, 13-9. C,.H,O;N, requires N, 13-7%). The 
nitrate crystallises in bright yellow prismatic needles, m. p. 155—156° (eff.), 
?-Nitro-7-methoxyquinoline crystallises: from abs. EtOH in long, colourless, 
prismatic needles, m. p. 200° (Found: N, 13-5. C,)H,O3;N, requires N, 
13-7%). 

8-Amino-7-methoxyquinoline.—The corresponding nitro-compound (10-2 g.) 
gave on reduction by the method of Jacobs and Heidelberger (loc. cit.) 4-5 g. 
of the base, which crystallises from 50% EtOH (charcoal) in yellow, glisten- 
ing, prismatic needles, m. p. 108°, and volatilises at 100° (Found: N, 15-8. 
C,o>H,,ON, requires N, 16-1%). The picrate crystallises from dil. EtOH, in 
which it is very sparingly sol., in terra-cotta-coloured needles, m. p. 226° 
(decomp.) (Found : C,H,0,N;, 56-9. C,,.H,,ON,,C,H,0,N;, requires C,H,0,N,, 
568%). 


RESEARCH LABORATORIES, Messrs. May & Baker, LTD., 
Lonpon, S.W.18. [Received, August 8th, 1932.] 





391. LEchitamine in Alstonia Barks, 
By Joun A. Goopson. 


Barks of various species of Alstonia have been examined in the 
hope of finding a source of echitamine richer in that alkaloid than is 
the bark of A. congensis, with a view to determine its constitution. 
Although the desired end has not been attained, it is thought worth 
while to record the figures obtained and to present further data on 
the alkaloids and lactones of the barks of A. congensis, A. scholaris, 
and A. angustiloba. Unfortunately, a specimen of the bark of 
A. spectabilis, R.Br., which Hesse (Annalen, 1880, 203, 170) states 
contains 0-808% of echitamine, an amount far in excess of that in 
any other species examined, was not available. 

A new crystalline alkaloid, C,,H,,0,N,, which it is proposed to 
call echitamidine, has been obtained in small quantities from the 
mother-liquors from echitamine hydrochloride from the barks of 
A. congensis and A. scholaris, and crystalline salts prepared. Two 
crystalline lactones of the formula C,H,,03, one (called ‘“ lactone C”) 
identical with that isolated from the bark of A. congensis (J., 1925, 
127, 1647) and which also occurs in the bark of A. angustiloba, have 
been isolated from the bark of A. scholaris. The second lactone is 
called ‘‘ lactone S.” 

The view that echitamine is a methyl ester, which is hydrolysed 
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with great ease (ibid., p. 1646), has been confirmed, and a ready 
means of preparing demethylechitamine found by boiling a solution 
of echitamine to which an equivalent of sodium hydroxide has been 
added : the methyl alcohol produced in the hydrolysis was identified 
as p-nitrobenzoate. The instability of echitamine base in aqueous 
solution is in marked contrast to the stability of echitamine salts, 
which suffer very little change when their solutions are boiled, and 
explains the production of demethylechitamine in attempts to 
crystallise echitamine base from solutions containing water. 

Demethylechitamine has been reconverted into echitamine 
hydriodide by boiling it with methyl iodide, and into echitamine 
methyl sulphate by the action of methyl sulphate in the cold. 

When an equivalent of sodium methoxide in methyl alcohol was 
added to echitamine hydrochloride in an attempt to prepare crystal- 
line echitamine base, the acicular crystals of echitamine hydrochloride 
gave place to rhombic prisms consisting of a compound of the 
hydrochloride and methyl alcohol. It was subsequently found that 
the presence of sodium methoxide was not necessary for the form- 
ation of this substance. Ethyl alcohol does not form a similar 
compound. 

Several of these barks have not been examined previously, and 
with the exception of A. scholaris, none of them is readily accessible. 
The author is therefore greatly indebted to the Authorities of the 
Imperial Institute; The Director of the Royal Botanic Gardens, 
Kew; Mr. A. R. Penfold, Curator of the Technological Museum, 
Sydney; Mr. C. F. White, Government Botanist, Brisbane, Queens- 
land; and Dr. A. F. Fischer, Director of Forestry, Manila, Philip- 
pine Islands, for their kindness in providing the samples used in 
this investigation. 


EXPERIMENTAL. 


All m. p.’s recorded are corrected. 

The alkaloids were prepared from the barks as described previously (ibid., 
p. 1643). The yield of echitamine hydrochloride from different samples of 
bark of the same species varied considerably. 


Total Echitamine 
Species. _ Source. alkaloids, %. hydrochloride, %. 
A. angustiloba, Miq. Malaya 0-17 0-04 
A. congensis, Engl. Gold Coast 0-38—0-56 0-18—0-34 
” te Nigeria 0-11—0/12 0-03—0-04 
” - Cameroons 0-18 0-09 
A. constricta, F. Muell Australia 0:40 | nil 
A. Gilletii, De Wild Belgian Congo —_ 0-21 
A. macrophylla, Wall Philippines 0-99 nil 
A. scholaris, R. Br. Belgian Congo _— 0-04 
” % India 0-16—0-27 0-08—0-10 
Ke zo Philippines 0-28—0-40 0-20—0-31 
A. spathulata, Blume Malaya 0-06 0-03 
A. villosa, Blume Australia 1-61 nil 
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Hesse (loc. cit.) found 0-13% of echitamine in A. scholaris bark, and Bacon 
(Philippine J. Sci., 1906, 1, 1007) obtained 0-10—0-14% of echitamine 
hydrochloride. 

Isolation of Echitamidine.—The bases recovered from the mother-liquors 
from echitamine hydrochloride from the barks of A. congensis and A. scholaris 
were dissolved in dil. HCl, the solution separated from tar and further purified 
by extraction with Et,0. To the purified solution, NH, aq. was added and 
the liberated bases extracted by Et,0. The bases were dissolved in a little 
EtOH and a warm 5% solution of picric acid in EtOH was added. Sticky 
ppts. were thrown down which on boiling with EtOH became eryst., tar being 
dissolved and removed by decantation. The crude picrate melted at 219° 
(decomp.). The bark of A. congensis gave 0-0045% of crude picrate and 
that of A. scholaris 0-0018%. The pierate, twice recryst. from acetone, 
had m. p. 226—227° (decomp.) (Found: C, 54:4; H, 5-0; N, 128, 
CopHy0,N,,C,H,O,N, requires C, 54-6; H, 5-1; N, 12-3%). The base was 
isolated by decomp, of the picrate by shaking with 20 vols. of 20% HCl, 
removing the picric acid by shaking with Et,O, and extraction of the aq, 
solution with Et,O after the addition of excess of NH, aq. It crystallises 
from moist Et,O in rosettes of six-sided plates, which soften at 122°, melt at 
135°, and have [a]}® — 515° (c = 5 in EtOH); m. p. 244° (decomp.). The 
base gives a pale green coloration with Hopkins and Cole’s glyoxylic reagent, 
and with conc. HNO, a blue passing rapidly to green, slowly to brown, and 
finally to yellow, whereupon addition of excess of NaOH aq. produces a red 
coloration (Found, for air-dried base : loss at 105° in vac., 5-2. C.,.H..0,N,,H,0 
requires H,O, 5:0%. Found, for dry base: C, 69-6; H, 7-4; N, 81, 
CyoH2,0,N, requires C, 70-1; H, 7:7; N, 8-2%). 

The alkaloid is a mono-acid base; the following salts were all crystallised 
from H,O. Hydrochloride, from conc. aq. solutions, prisms. The hydrated 
salt softened at 75°, frothed at 105°, and had [a]\*’ —473° (c = 2-5 in H,0); 
m. p. 179° (decomp.) (Found, for hydrated salt: loss at 60—105° in vac., 
15-8. CygH,,0,N,,HCI1,4H,O requires H,O, 16-:0%. Found, for dry salt: 
Cl, 9-3. Cy9H,s,0,N,,HCl requires Cl, 9-3%). Hydrobromide, long prisms 
softening at 105°, m. p. 114°; dry salt, m. p. 181° (decomp.), [a]}*” —422° 
(c = 2-5 in H,O) (Found, for air-dried salt : loss at 100—105° in vac.: 9-3. 
C.o>H,;,0,;N,,HBr,2H,0 requires H,O, 7-8%). The sparingly sol. hydriodide, 
clusters of plates, m. p. 110° or 182° (dry, decomp.), [a]}*° for dry salt —389° 
(c = 0-38 in H,O) (Found, for air-dried salt: loss at 80—105° in vac., 10-2. 
Cy>H,,0,N,,H1,3H,O requires H,O, 10-3%. Found, in dry salt: I, 27-0. 
Cy9H,,0,N,,HI requires I, 27-0%). 

The sulphate, rosettes of needles softening at 73°, m. p. 87° [a]}7’ — 362° 
(c= 1:112inH,O). Dry salt, m. p. 169° (decomp.) [Found, for air-dried salt : 
loss at 60—105° in vac., 19-8. (C.H2,0;N,),,H,SO,,11H,O requires H,0, 
20-2%. Found, in dry salt: H,SO,, 12-7. (C.H,,O;N,),,H,SO, requires 
H,SO,, 12-56%]. The nitrate, large prisms, softening at 86°, m. p. 103°, 
[a}js’ — 403° (c = 1-:108in H,O). Dry salt commenced to decom pose at 137°, 
and frothed at 170° (Found, for air-dried salt : loss at 70—105° in vac.: 94 
Cy9H,,0,N,,HNO,,2H,0 requires H,O, 8-2%). 

Abnormal results were obtained for MeO and NMe. It is possible there 
is present only a methylimino-group and no methoxy! group (cf. Barger and 
Ewins, J., 1918, 118, 235). 
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Found. Total AgI, cale. Theory requires for 
MeO, NMe, as MeO, as NMe,' 1MeQO, 1NMe, 
o. %,. 0o/ o o/ % 
y , Ye 6. % b> 
Base ..eeeeeee 5-0 54 10-7 10-0 9-1 8-5 
Picrate ...... 4-4 1-7 6-2 5-8 5-4 5-1 
Hydriodide 6-3 1-4 7:8 73 6-6 6-2 


Isolation of Lactones.—Two cryst. lactones, C and 8, have been isolated from 
the bark of A. scholaris by a modification of the method used in the case of 
A. congensis (J., 1925, 127, 1647). Lactone C is identical with the lactone of 
A. congensis bark; it also occurs in the bark of A. angustiloba. The yield of 
lactones from different samples of bark of the same species varies considerably: 


Total cryst. Lactone Lactone 
Species. Source. lactones, %. C, %- 8, %: 
A, congensis Gold Coast 0-020 0-020 nil 
pa - 0-011 0-011 nil 
A. scholaris India 0-047 0-016 0-031 
" Philippines 0-021 0-014 0-006 
* we 0-019 0-013 0-006 
A, angustiloba Malaya 0-011 0-011 nil 


The separation of the lactones of A. scholaris bark from one another by 
fractional crystn. from H,O was tedious; the proportion of the two lactones 
present was therefore calc. from the wt. and optical rotation of the fractions 
obtained. 

Lactone S crystallises from hot H,O in colourless prisms, m. p. 80—84° 
(air-dried) or 107° (dry) (Found, in air-dried lactone : loss at 70—90° in vac., 
10-6. C,H,,0;,H,O requires H,O, 9-6%. Found, in dried lactone: C, 63-4; 
H, 8-4; MeO, nil. C,H,,0, requires C, 63-5; H, 8-3%. Dissolved in excess 
of standard NaOH aq., the hydrated lactone neutralised 21-:0% of NaOH. 
Cale.: 213%). It is neutral in reaction, less soluble in H,O (1 in ca. 29 at 
19°) than lactone C (1 in ca. 19 at 19°), and not so intensely bitter. It gives a 
red coloration with Hopkins and Cole’s glyoxylic reagent ; lactone C gives no 
colour. 

The monoacetyl derivative crystallises from Ac,O in needles, m. p. 86—90° 
(Found: C, 61-9; H, 7-5. C,,H,,O, requires C, 62-2; H, 7-6%). 

The two lactones had the following rotations (c = 2-5) : 


In N-H,SO,. In H,0. In N-NH,;. In N-NaOH. 
Lactone C ...... + 50-6° + 50-6° + 65-3° + 94-1° 
LactoneS ...... + 142-5 + 143-3 + 97-9 + 60-1 


Neither lactone reduces Fehling’s solution. They do not absorb an appre- 
ciable amount of Br when kept for 24 hrs. in solution in CHCl, containing 
sufficient Br to saturate one double bond. They would appear to contain qgne 
fully reduced ring (possibly hexahydrobenzene) with saturated side-chain, 
or chains. 

Demethylechitamine.—Echitamine hydrochloride (20 g.) was dissolved in 
400 c.c. of hot H,O, 100 c.c. of approx. 0-5N-NaOH aq. were added, and the 
mixture boiled under reflux. After a few mins. demethylechitamine rapidly 
separated ; the heating was then continued for 3 hrs. on a boiling water-bath. 
Cryst. substance (17-6 g.) having the characteristic properties of demethyl- 
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echitamine separated over-night. The MeOH produced by hydrolysis wag 

recovered from the filtrate from the demethylechitamine by fractional dis. 
tillation, and identified by conversion into p-nitrobenzoate. Demethyl. 
echitamine is almost tasteless, perhaps on account of its low solubility (ca, 
1 in 645 of H,O at 19°, for hydrated substance). It has [aJ?’ — 46-8° (c = 24 
in 0-5N-H,SO,). 

Echitamine Hydrochloride-Methyl Alcohol Compound.—MeOH (55 c.c.) 
containing 0-1284 g. of MeONa was added to echitamine hydrochloride (1 g.) 
and kept over-night, or the mixture boiled for } hr. and kept. Rhombiec 
prisms (0-6 g.) were obtained, m. p. 277° (decomp.), [a]}® — 52° (c = 0-794 in 
H,O) (Found: C, 60-6; H, 7:7; Cl, 7:9; MeO, 14:2; NMe, 746, 
C.,H,,0,N,,HCl,MeOH requires C, 61-0; H, 7-4; Cl, 7-8; 2MeO, 13-6; NMe, 
6-4%). 

The presence of MeONa was found to be unnecessary; | g. of echitamine 
hydrochloride treated with 50 c.c. of MeOH rapidly dissolved, and 0-84 g. of 
rhombic prisms of the alcohol compound separated, m. p. 277° (decomp.) 
(Found Cl, 7-8; MeO, 13-5; NMe, 8-4%). 

The substance is comparatively stable to heat, losing practically nothing on 
heating to 200° in vac.; the MeOH is lost on recrystn. from H,O. 1-08 G. of 
the compound were dissolved in hot H,O; on cooling, 0-64 g. of echitamine 
hydrochloride having [a]\* — 58° (c = 1 in H,O) separated (Found Cl, 8-4; 
MeO, 7:4; NMe, 7-9. Cale. for C,,H,,0,N,,HCI: Cl, 8-4; MeO, 7-4; NMe, 
6-9%). 

Echitamine Hydriodide.—Anhyd. demethylechitamine (3-7 g.) was heated 
under reflux with 15 c.c. of freshly distilled MeI during 16 hrs. and excess of 
MeI removed by distillation. The residue (4-9 g.), recryst. twice from hot 
H,0, gave 2-6 g. of long anhyd. prisms, m. p. 266° (decomp.), the decomp. 
point being unchanged on admixture with echitamine hydriodide (Found: 
MeO, 6-0; NMe, 6-5; I, 24-7. Calc. for C,,H,,0,N,,HI: MeO, 6-1; NMe, 
5-7; I, 248%). That the above hydriodide was that of echitamine was con- 
firmed by conversion into the hydrochloride by heating its aq. solution with 
freshly pptd. AgCl. The hydrochloride obtained had the characteristic 
properties of echitamine hydrochloride. 

Echitamine Methyl Sulphate. —Demethylechitamine (1 g.) was treated at 
room temp. with 6 c.c. of freshly distilled Me,SO,, and set aside for 8 days. 

The solid deposit gave, after two recrystns. from H,O, 0-7 g. of clusters 
of plates, m. p. 253° (decomp.) (Found S, 6-5; MeO, 12-2; NMe, 66. 
C,,H,,0,N,,MeHSO, requires S, 6-5; MeO, 12-5; NMe, 5-9%). The substance 
was proved to be a salt of echitamine by regeneration of the base and conversion 
into echitamine hydrochloride. 


The author thanks Mr. F. G. L. Hewett, B.Sc., for assistance in the work. 


WELLCOME RESEARCH INSTITUTION, 
Lonpon, N.W.1. [Received, September 15th, 1932.) 
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392. Reactions of w-Substituted Acetophenone Deriv- 
atives. Part III. Comparison of the Mechanism 
of Interaction of w-Halogenoacetophenones and of 
Benzyl Halides with Primary and Tertiary Bases. 


By Joun W. BAKER. 


In Part II (Baker, this vol., p. 1148) it was shown that the velocity 
of reaction of w-halogenoacetophenones of the type R-C,H,-CO-CH,X 
with primary ay. tertiary bases is determined by the resultant of 
several opposi”.g factors, which were analysed and discussed, 
Mechanisms involving reaction with the enolic form of the ketone 
were excluded on prima facie grounds, but in an attempt to obtain 
further evidence on this possibility, the velocities of interaction 
of similarly substituted benzyl halides, R-C,H,-CH,X, with pyridine 
and aniline have now been determined under identical conditions 
(cf. loc. cit., p. 1154). The reactions 


R-C,H,CH,X + NH,Ph —~> R-C,H,’CH,"NHPh + HX (A) 
and 
® =) 
R-C,H,CH,X + NC;H, —> R’C,H,CH,"NC;H;}X . (B) 


are both pseudo-unimolecular in the presence of a large excess of 
the base, and the values of the coefficients k (in c.c. of 0-05N-silver 
nitraté; min.-') for the interaction of various substituted benzyl 
halides in 0-025M-solution in 90%, alcohol with 10 mols. of the base 
at 30-5° are summarised in Table I. 


TABLE I. 


Reaction of R-C,H,-CH,X with 10 mols. of (A) aniline and (B) 
pyridine in MY /40-solution in 90% alcohol at 30-5°. 





k x 10°. 

7 =~, Ratio 

xX = Cl. X = Br. =I, ky/ker- 

ce, — a, —_—_——, en, 

R. A. B. A. B. A. B. A. B. 
p-MeO ......... — ord — o —_— —_ — a 
SET voentccences -— — 87 9-5 a oa — _ 
sabe bbe’ 0-70 0-09 35 4-4 61 51 1-74 1-15 
Mg, anccerice —— = 30-4 1:4 44 1-6 145 1-14 
Pa” cocscsccs — —- 22:3 «1-56 36-2 1-8 162 1-16 


Before discussing the mechanism of these reactions it is necessary 
to emphasise the significance of the symbolism used by the author 
throughout this and other series of papers. Robinson has sug- 
gested (this vol., p. 1445, footnote) that the signs + and — applied 
to inductive (I) and electromeric (7) effects during recent years 
should be given a direct electrical significance and that their previous 
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allocation should, in consequence, be reversed. As used by the 
author, however, these + and — signs have had, not an electrical, 
but an algebraic significance since they arose out of the terms 
electron-source and electron-sink, respectively (Ingold and Ingold, 
J., 1926, 1310; Ann. Reports, 1926, 23, 141). Thus the symbols 
-+- J and + 7’ are employed when the group tends to supply electrons 
to the nucleus (by inductive and electromeric mechanisms, respect- 
ively), the symbols — J and — 7' being used when the group tends 
to withdraw electrons from the nucleus. 

Considering first the simpler reaction (B). This involves two 
phases, precisely similar to those discussed in connexion with the 
corresponding reaction with w-halogenoacetophenones, viz., (a) the 
anionisation of the halogen, and (b) the co-ordination of the basic 
nitrogen atom, by means of its unshared electron pair, to the adjacent 
methylene group. 


R-C,H,CH,>X - RCHyCH, © 
NC;H, eNC,H, 


nm 
a 


— 
— 


oe an Kant oe ok ee ek ak ae en kt @ (a 


The experimental results (Table I) at once diagnose the reaction 
as being of the opposite type to that with w-halogenoacetophenone 
derivatives. The latter reaction is facilitated by the introduction 
of a nitro-group (— J, — 7’) into the nucleus, i.e., by a recession of 
electrons from the side chain, indicating that phase (6) is of major 
importance in determining the velocity of reaction. With substituted 
benzyl halides, however, the velocity is retarded by a p-nitro- andis 
accelerated by a p-methyl (+ J) substituent, i.e., it is one requiring 
an accession of electrons to the side chain. Hence in this case, 
phase (a), viz., the anionisation of the halogen, is the main factor 
in determining the velocity. It follows that the present results can 
throw very little direct light on the original point at issue, viz., the 
possibility of interaction of the ketone derivatives through the 
enolic phase, a mechanism which is still, therefore, not definitely 
excluded. 

When the substitutents R are arranged in order of decreasing 
electron availability, an exact parallel with the w-halogenoaceto- 
phenone reactions is found in the occurrence of a minimum value 
for the velocity with a m-nitro-substituent. 





p-Me>H>m-NO,<p-NO, 


minimum 
-+ I -——~ increasing — J —> 


Hence it would appear that phase (6), although of very minor 
importance, does, to some extent affect the velocity, since the very 
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powerful electron-attraction of the p-nitro-substituent, 
strongly inhibiting phase (a), tends to facilitate phase (6). 

Alteration of the nature of the halogen atom X (R being constant) 
introduces a striking anomaly, for, since the velocity is’ determined 
mainly by the ease of anionisation of the halogen (a), it would be 
expected to increase, ceteris paribus, in the order of electron affinity 
of the halogens, i.e., in the order of increasing — J effects: 
I<Br<Cl. The experimental order (which is in accord with 
general experience regarding quaternary-salt formation) is, however, 
the exact opposite, viz., Cl<Br<I. This result suggests that it is 
necessary to consider whether the ease of separation of a halogen 
atom as a negative ion is necessarily the same as the order of anionic 
stabilities of the halide ions, but further discussion of this point is 
deferred until more experimental evidence has been accumulated. 
It is certainly difficult to see how the reaction under discussion could 
proceed via the initial union of the halogen with the base in a manner 
similar to that postulated by Bennett (Ann. Reports, 1929, 26, 139) 
to account for the anomalous results observed in the interaction 
of chlorides of type R(CH,),,Cl with potassium iodide. 

The other point of special interest is the very great increase in 
velocity (too great to be measured) caused by the introduction of 
a p-methoxy-group. The almost instantaneous formation of a 
quaternary salt, which occurs in this case, suggests that a totally 
different mechanism is involved, and it is tentatively suggested that 
reaction occurs between the pyridine and an ionised (salt) form of 
the p-methoxybenzyl halide which results from the powerful ++ 7’ 
effect of the p-methoxyl substituent. 
® 





LF < sitin are ~si 
MeO 2 CH,>X == Me0= ee oo CH) X > 
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It is perhaps significant that pure, ‘csi colourless p-methoxy- 
benzyl bromide, when kept in the dark, develops a claret colour, 
which is immediately destroyed by addition of either dry alcohol 
or water (? hydrolysis of the salt form) but not by dissolution in 
dry nitromethane. In the last solvent the colour first deepens and 
then vanishes when the solution is warmed, but reappears on cooling 
and, moreover, it’ is destroyed by addition of anhydrous scdium 
acetate. 

In reaction (A), in which the elimination of hydrogen halide is 
4Q 
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involved, it has already been suggested (loc. cit., p. 1153) that, 
in addition to the two phases (a) and (b) involved in reaction (B), 
a third factor (c), viz., the attraction of the unshared halogen 
electrons for the positively polarised portion of the attacking 
aniline molecule, may also influence the velocity of the reaction. 


R-C,HyCH,—>X R-C,H,-CH, x 
A ™ + | 
b Ao J 8+ NHPh H 
NHPh—H 


In complete harmony with the results obtained (ibid.) in the case 
of w-halogenoacetophenone derivatives, the effect of this third factor 
is again evident, for the velocity of reaction of benzyl halides 
(Table I) with the weaker base, aniline, is at least ten times as 
great as that with the stronger base, pyridine; whilst the ratio 
k;/kp, for the aniline series is also greater than it is for the pyridine 
series, in agreement with the increasing order of + 7' effects of the 
halogens, I>Br>Cl. 

Ingold (Ann. Reports, 1928, 25, 146; Ingold and Patel, J. Indian 
Chem. Soc., 1930, 7, 95) has already pointed out that the rate- 
determining phase in side-chain halogen reactions is dependent on 
the nature of the medium in which the reaction occurs (e.g., the 
hydrolysis of benzyl halides in acid and alkaline media). It now 
appears that, generalising from a comparison of the reaction of 
bases with side-chain halogen in derivatives of the two types 
R-C,H,°CO-CH,X and R-C,H,°CH,X, the mechanism even in the 
same solvent and under identical experimental conditions is de- 
termined by the nature of the group to which the halogen is attached. 
In the w-halogenoacetophenones the positive charge induced by the 
carbonyl group on the adjacent methylene group predisposes the 
reaction to proceed via an initial electrostriction of the basic 
nitrogen atom to this methylene group, whilst in the benzy] halides 
the absence of such positive field would appear to destine the re- 
action to proceed via the initial anionisation of the halogen atom. 


EXPERIMENTAL. 


Preparation of Materials.—The various benzyl halides were prepared by 
standard methods, and purified by fractional distillation or crystn. from 
EtOH or ligroin. The specimens used had the following consts. : CH,PhCl, 
b. p. 179°/749 mm.; CH,PhBr, b. p. 199°/749 mm.; CH,PhI, m. p. 24°; 
p-MeC ,H,’CH,Br, m. p. 36°; p-MeO-C,H,°CH,Cl, m. p. 38°; 
p-MeO-C,H,’CH,Br, b. p. 104°/1—1-5 mm.; m-NO,°C,H,°CH,CI, m. p. 47°; 
m-NO,°C,H,CH,Br, m. p. 57—58°; m-NO,°C,H,°CH,I, m. p. 83—84°; 
p-NO,°C,H,CH,Br, m. p. 100°; p-NO,°C,H,°CH,I, m. p. 128°. CHMePhBr, 
b. p. 94°/16 mm., was also prepared; but although this gave a pseudo-uin- 
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molecular velocity coeff. with C;H;N (k x 10% = 3:7), yet the product 
obtained after evaporation in a vac. at room temp. was C,H,N,HBr (Found : 
Br, 49-2. Cale.: Br, 500%. Cale. for C,;H,,NBr: Br, 30-3%), elimination 
of HBr being the sole reaction. 

p-Methoxybenzylpyridinium bromide (Found: Br, 286%. C,,H,,ONBr 
requires Br, 28-6%) was obtained in the usual manner by the action of C;H,N 
on p-MeO-C,H,°CH,Br in EtOH solution; it crystallises from dry EtOH in 
fine needles, m. p. 162—163° (decomp.). 

Velocity Measurements.—These were carried out exactly as described in the 
corresponding determinations of w-halogenoacetophenones (loc. cit.) except 
that, owing to the greater reactivity of the benzyl halides with H,O—EtOH-— 
AgNO,, the sample (10 c.c.) was run into 5—10 c.c. of distilled H,O, extracted 
with 20 c.c. of Et,0, and the extract repeatedly washed with distilled H,O to 
dissolve out all the ionised halogen compound. The combined H,O extracts 
were run into 10 c.c. of 0-05N-AgNO,, and the excess titrated with 
0-05N-NH,NCS (Volhard method). 

Full details are given only in the first case in each series. The pseudo- 
unimolecular velocity coeff. was calc. in terms of ¢.c. of 0-05N-AgNO,, the 
time being in mins. 


Interaction of Benzyl Halides of Type R-C,H,CH,X. 
(a) With pyridine (1-975 g. = 10 mols.). 
CH,PhBr (0-4275 g./100 c.c.). 





N /20- N/20- 
Time, AgNO,, Time, AgNO,, 
mins. c.c. a—z. 10°k. mins. C.c. a— 2. 10*k. 
10 0-26 4-74 (5-3) 90 1-69 3°31 4-6 
20 0-44 4-56 4-6 155 2-39 2-61 4-2 
40 0-79 4-21 4-3 185 2-78 2-22 44 
60 1-15 3°85 4-2 (ora 5-0 —_— —_— 
Mean 4-4 
Conen., 10°k. 
g./100 No.of - 

Compound. c.c. detmtns. Mean. Max. Min. 
AON assbvcitdsdoonvstebeseses 0-3162 5 0-093 0-094 0-090 
aga a gl, eit 0-54.50 6 5-10 5-14 5-01 
m-NO,°C,H,°CH,Br ......... 0:5400 6 1-36 1-43 1-28 
m-NO,°C,H,°CH,I ............ 0°6575 7 1-6 2-0 1-4 
p-NO,C,H,-CH,Br ......... 0-5400 7 1-56 1-61 1-50 
p-NO,C,H,°CH,I ............ 0-6575 5 1:8 2-1 1-7 
p-Me-C,H,-CH,Br ............ 0°4625 6 9-5 9-7 9-2 


With p-MeO-C,H,°CH,Cl the reaction was complete when the first reading 
(¢= 1 min.) was taken. A blank experiment in which no C,H,N was added 
gave only a very faint turbidity with AgNO . 


(b) With aniline (2-325 g. = 10 mols.). 
CH,PhBr (0-4275 g./100 c.c.). 


N/20- N/20- 
Time, AgNO,, Time, AgNO,, 
mins. c.c. a—s. 10k. mins. c.c. a-—z. 10k. 
5-5 8-80 3-80 (50) 30 6-77 1-77 35 
12-3 8-1] 3-11 39 35 6-51 1-51 34 
25 7-08 2-08 35 40 6-30 1-30 33 


Mean 35 
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Conen., 10°k. 
g-/100 No. of - 

Compound. C.c. detmtns. Mean. Max. Min. 
DIPGIEAID ovisasrcebscsvovpwageses 0-3162 6 0-70 0-73 0-69 
7) & a rrrer 0-5450 6 61 70 54 
m-NO,’C,H,°CH,Br ......... 0-5400 6 30-4 31-4 29-7 
m-NO,°C,H,’CH,I .........4.- 0-6575 6 44 47 42 
p-NO,C,H,°CH,Br _......... 0-5400 7 22-3 23-1 20-7 
p-NO,’°C,H,°CH,I ............ 0-6575 6 36-2 37-3 34:8 
p-Me’C,H,°CH,Br .........++. 0-4625 4 87 94 81 


The author thanks the Government Grant Committee of the Royal Society 
for a grant in aid of this work. 


Tue UNIveERsiITy, LEEDS. [ Received, September 13th, 1932.] 





393. Substitution in Compounds containing Two or 
More Phenyl Groups. Part III. Nitration and 
Bromination of 2:4: 6-T'rimethyldiphenyl. 

By Donatp H. Hey. 


THe work of Carnelley (J., 1876, 29, 20) and of Gomberg and 
Pernert (J. Amer. Chem. Soc., 1926, 48, 1372) on the nitration and 
bromination of 4-methyldiphenyl indicates that the substitution 
takes place mainly in the non-methylated nucleus. These results 
would appear to be in disagreement with the general tendency of 
the methyl group to promote substitution in the nucleus to which 
it is attached, unless the Ph and. p-Me-C,H, groups also promote 
substitution in the same way. A more detailed study of the 
nitration of 4- and of 3-methyldiphenyl (this vol., pp. 1888, 2245), 
however, has shown that in the former case, in which the op- 
directive effects of the two hydrocarbon radicals Me and Ph are 
acting in opposition, the product consists of some 45% of 4-nitro- 
4’-methyldiphenyl, the remainder consisting mainly of 2-nitro-4- 
methyl- together with 2-nitro-4'-methyl-diphenyl. On the other 
hand, with 3-methyldiphenyl, in which the op-directive effects of 
the hydrocarbon radicals are acting together, predominating 
homonuclear substitution at the 4-position takes place. These 
results, which constitute the first direct comparison of the orienting 
powers of the phenyl group with those of an alkyl group, show 
that, like the methyl group, the Ph and the p-Me-C,H, group also 
promote increased reactivity, thus confirming Vorlinder’s view 
(Ber., 1925, 58, 1893) that the phenyl group behaves in the same 
manner as any other hydrocarbon radical, when attached to an 
aromatic nucleus. The fact that the two essentially different 
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radicals, phenyl and methyl, should thus appear to act in the same 
manner is rendered possible in diphenyl owing to the presence of 
the two aromatic rings, one only of which at any moment.can behave 
in this manner with reference to the second nucleus. The reactivity 
gained by the one nucleus must be lost by the other, and this 
indicates a condition of dissymmetry which, as emphasised by 
Turner (Rec. trav. chim., 1929, 48, 821), is a characteristic of com- 
pounds of this class. 

It has already been shown that the introduction of one methyl 
group at the 4-position in dipheny] is far from sufficient, to promote 
exclusive homonuclear substitution, and a study was. therefore 
made of the substitution reactions of 2 : 4: 6-trimethyldiphenyl in 
order to find out if the activation in the methylated nucleus was 
sufficient to overcome the tendency towards substitution at the 
4-position in the non-methylated nucleus. 

When 2:4: 6-trimethyldiphenyl was (1) warmed slightly with 
fuming nitric acid in glacial acetic acid solution, (2) heated on the 
water-bath with concentrated nitric acid, or (3) treated with a 
mixture of concentrated nitric and sulphuric acid at 0°, only one 
nitration product could be isolated, viz., 3:5: 4'-trinitro-2 : 4: 6- 
trimethyldiphenyl. If, however, the hydrocarbon was treated as 
in (1) but at room temperature, some 3 : 4’-dinitro-2 : 4 : 6-trimethyl- 
diphenyl was obtained, although it was difficult to stop the reaction 
sharply at this stage. In no case could a mono-nitration product 
be obtained, the use of weaker solutions of nitric acid resulting in 
the formation of alkali-soluble products due to oxidation and/or 
side-chain nitration. In similar manner, bromination of 2: 4: 6- 
trimethyldiphenyl in glacial acetic acid solution at room temper- 
ature gave 3:5: 4'-tribromo-2 : 4 : 6-trimethyldiphenyl. 

In order to establish the positions occupied by the nitro-groups 
in the nitration products, utilisation was made of the different 
susceptibilities of the two nuclei towards oxidation by chromic 
acid, for, whereas the introduction of a nitro-group stabilises the 
ring to which it is attached, the presence of several methyl groups 
weakens it; e.g., nitrobenzene is almost unaffected by chromic 
anhydride in boiling acetic acid solution, but mesitylene is attacked 
instantly. Similarly, it was found that, whereas trinitromesitylene 
is largely recovered unchanged after 4 hours’ boiling with the same 
reagents, yet dinitromesitylene, under similar treatment, is largely 
destroyed, a small quantity being converted into 2 : 4-dinitro- 
mesitylenic acid. When the trinitro- and also the dinitro-trimethyl- 
diphenyl were treated in this manner, both gave p-nitrobenzoic 
acid, which proves that in both products there is only one nitro- 
group in the non-methylated nucleus, and that this must be at 
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the 4-position. The dinitrotrimethyldiphenyl underwent further 
nitration to the trinitro-compound. 

Reduction of 3:5: 4’-trinitro-2 : 4: 6-trimethyldiphenyl with 
stannous chloride gave 3: 5 : 4’-triamino-2 : 4 : 6-trimethyldiphenyl, 
which was oxidised abnormally to an indefinite acidic product by 
potassium bromate and bromide in acid solution (cf. also Francis, 
J. Amer. Chem. Soc., 1926, 48, 1631; Grieve and Hey, this 
vol., p. 2246). On the other hand, reduction of the trinitro-com- 
pound with sodium sulphide gave 5-nitro-3 : 4’-diamino-2 : 4 : 6- 
trimethyldiphenyl, which reacted quantitatively and normally with 
bromide—bromate to give 3’ : 5’-dibromo-5-nitro-3 : 4’-diamino- 
2:4: 6-trimethyldiphenyl. 


EXPERIMENTAL. 


2:4: 6-Trimethyldiphenyl.—Four methods were employed for the prep. 
of this hydrocarbon : (a) from diazotised NH,Ph and mesitylene in the presence 
of aq. alkali (cf. Gomberg and Bachmann, J. Amer. Chem. Soc., 1924, 46, 
2339; Gomberg and Pernert, ibid., 1926, 48, 1372); (6) from diazotised 
mesidine and benzene according to method (a); (c) from nitrosoacetanilide 
and mesitylene (cf. Bamberger, Ber., 1897, 30, 366); and (d) from nitroso- 
acetomesidide and benzene according to method (c). Of these, the most 
successful were (a) and (c) (which gave yields of 10—15%, calc. on the wt. of 
NH,Ph or nitrosoacetanilide), since in methods (6) and (d) side reactions take 
place involving the formation of indazole derivatives. 

Method (a). A solution of PhN,Cl was gradually added to a well-stirred 
mixture of mesitylene (130 g.) and 40% aq. NaOH (52 c.c.) at 0°. After 
5 hrs., the temp. was allowed to rise gradually, and the mixture was acidified 
and extracted with C,H,. Distillation of the extract gave unchanged 
mesitylene and a yellow oil, b. p. 240—290°, which was freed from N compounds 
by shaking with HFeCl, aq. (see Robinson, J., 1925, 127, 768). After having 
been washed with H,O and dried over CaCl,, the main bulk distilled between 
270° and 285°. Further distillation gave 2 : 4: 6-trimethyldiphenyl as a pale 
yellow oil, b. p. 275—277° (Found: C, 90-8; H, 8-3. C,,;H,, requires 
C, 91:8; H, 82%). 

Method (b). A paste of mesidine hydrochloride [from 68 g. mesidine, 
118 c.c. HCl (d 1-16), and 50 c.c. H,O] was diazotised with aq. NaNO, at 
0—5° and added to C,H, (500 c.c.) and MgSO,,7H,O (50 g.)._ Into this cooled 
and well-stirred mixture, 40% aq. NaOH (136 c.c.) was dropped gradually. 
After 4—5 hrs., the mixture was distilled with superheated steam, and un- 
changed C,H,, trimethyldiphenyl, and some 5: 7-dimethylindazole were 
collected. The distillate was treated as in (a). The residue from the steam 
distillation contained 3-mesityleneazo-5 : 7-dimethylindazole (Bamberger, 
Annalen, 1899, 305, 316). The reverse order of addition (diazotised mesidine 
to C,H, and aq. NaOH) gave similar results. 

Method (c). Nitrosoacetanilide (40 g.) was added gradually to dry mesityl- 
ene (150 e.c.) in dry Et,O (50 c.c.).. The solution darkened, and a brisk 
evolution of N, ensued with slight rise in temp.; it was cooled to room temp. 
until all action had subsided, and then a further portion of nitrosoacetanilide 
(40 g.) was added as before. After 12 hrs., H,O was added, and the mixture 
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steam distilled. CH,-CHO and unchanged mesitylene were first collected, 
and the temp. was then raised to 160—i70° in an oil-bath, and distillation 
continued for 8 hrs. with superheated steam. The yellow oil in the distillate 
was extracted with C,H, and treated as in (a). 

Method (d). Nitrosoacetomesidide (25 g.) and dry C,H, (70 c.c.) were 
used asin (c). The fraction collected between 220° and 280° partly solidified 
on cooling, and crystn. of a portion from aq. EtOH gave some 5 : 7-dimethyl- 
indazole. The main portion was treated as in (a). 

In all four methods the reaction product may be either extracted with 
C,H, and distilled directly, or first distilled from tarry matter by means of 
superheated steam, but in both cases subsequent treatment with HFeCl, is 
essential. 

Nitration of 2:4: 6-T'rimethyldiphenyl.—(a) A mixture of HNO; (d 1-52; 
5 c.c.) and AcOH (5 c.c.) was added to 2: 4: 6-trimethyldiphenyl (1 g.) in 
AcOH (10 c.c.), and after standing for 1 hr. at 40—50° it was poured on ice. 
The yellow solid which separated was crystallised from C,H, and gave 3: 5: 4’- 
trinitro-2 : 4 : 6-trimethyldiphenyl, pale yellow prisms, m. p. 216° (Found: 
C, 54-8; H, 4-0; N, 12-6. ©,,H,,;0,N; requires C, 54-4; H, 3-9; N, 12-7%). 
A similar result was obtained by using HNO, (d 1-42) in AcOH at 70—80° 
or conc. HNO, and conc. H,SO, (1: 1 by vol.) at 0°. In no case was quantita- 
tive trinitration effected, the highest yields of the trinitro-compound (viz., 
55—60%) being obtained by the last method. The remainder of the product 
consisted of a viscous non-crystallisable residue, which was mostly sol. in 
warm aq. NaOH. 

(6) Amixture of HNO, (d 1-52; 10c.c.) and AcOH (10 c.c.), added to 2: 4: 6- 
trimethyldipheny] (1 g.) in AcOH (10 c.c.), was kept at room temp. over-night, 
poured on ice, neutralised, and extracted with Et,0. The viscous residue 
obtained on evaporation was dissolved in light petroleum—EtOH and kept 
at —10° for a long time. A solid gradually separated, which after several 
crystns. from EtOH gave 3: 4’-dinitro-2:4: 6-trimethyldiphenyl in pale 
yellow plates, m. p. 120° (Found: C, 61-5, 61-3; H, 4-4, 4-4. C,,;H,O,N, 
requires C, 62-9; H,4-9%). A very small quantity of the less sol. trinitration 
product was also obtained, and traces of it, which could not be removed by 
repeated crystn., contaminated the dinitro-compound. The latter, on treat- 
ment with conc. HNO, and conc. H,SO, at 0°, was converted into the trinitro- 
compound. 

Attempts to effect nitration by employing more dil. HNO, at various temps. 
resulted generally in an increased proportion of alkali-sol. products, together 
with mixtures of the dinitro-compound with either unchanged hydrocarbon 
or trinitro-compound. The presence of the first in these mixtures was shown 
by reduction and acetylation (see p. 2640). 

Oxidation of 3 : 4’-Dinitro- and of 3 : 5 : 4’-Trinitro-2 : 4 : 6-trimethyldiphenyl. 
—The di- or tri-nitrotrimethyldipheny] (0-2 g.) in AcOH (5 c.c.) was refluxed 
for 4—5 hrs. with CrO, (5 g.) in AcOH (10 c.c.) and a few drops of water. 
The solution was then poured into H,O and extracted with Et,0, evaporation 
of which gave, in both cases, p-nitrobenzoic acid, m. p. and mixed m. p. 
236—237°. 

Bromination of 2: 4: 6-Trimethyldiphenyl.—To the hydrocarbon (1 g.) in 
AcOH (5 ¢.c.) was gradually added a 10% solution of Br in AcOH at room 
temp. (in diffused light). The solid which separated (together with that 
separating on addition of aq. alkali) was washed with hot EtOH; and crystn. 
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from C;H,-light petroleum (b. p. 80—-100°) gave 3:5: 4’-tribromo-2 : 4: 6- 
trimethyldiphenyl, white plates, m. p. 223° (Found: Br, 55°5. C,,H,,Br, 
requires Br, 55-4%). 

Reduction of 3: 4’-Dinitro-2 : 4 : 6-trimethyldiphenyl.—A solution of SnCl, 
in hot conc. HCl was added to the dinitro-compound in hot EtOH. After 
evaporation of the EtOH on the water-bath, the solution was made strongly 
alk., extracted with Et,O, dried (KOH), and the Et,O0 evaporated. The 
solid residue, with Ac,O, gave 3: 4’-diacetoamido-?2 : 4 : 6-trimethyldiphenyl, 
m. p. 2938—294°; microscopic needles from EtOH (Found: C, 73-0; H, 7-0. 
Cy9H.,0,N, requires C, 73-55; H, 7-1%). 

Reduction of 3:5: 4'-Trinitro-2: 4 : 6-trimethyldiphenyl.—(a) With SnCl,. 
A suspension of the trinitro-compound in hot EtOH was reduced with SnCl, 
as described above. The solid thus obtained, on recrystn. from hot EtOH, 
gave 3:5: 4’-triamino-2 : 4: 6-trimethyldiphenyl in pale yellow prisms, m. p. 
248° (Found: C, 75-0; H, 7-6; N, 17-6. C,s;H,,N; requires C, 74:7; H, 7-9; 
N, 17-4%). 

(6) With NaS, The trinitro-compound in alc. suspension was refluxed 
with the gradual addition of sat. aq. NaS. After 2 hrs., the EtOH was 
evaporated, and H,O added. An orange-yellow ppt. separated, which, on 
crystn. first from EtOH and then from light petroleum—EtOH, gave 5-nitro- 
3: 4’-diamino-2 : 4 : 6-trimethyldiphenyl in orange-yellow needles, m. p. 194° 
(Found: C, 66-7; H, 6-3; N, 15-6. C,,H,,0,N, requires C, 66-4; H, 6-3; 
N, 15-5%). 

Bromination of 5-Nitro-3 ;: 4’-diamino-2 : 4 : 6-trimethyldiphenyl.—5-Nitro- 
3 : 4’-diamino-2 : 4 : 6-trimethyldipheny! (0-517 g.), suspended in 200 c.c, of 
H,0, 25 c.c. of conc. HCl, and 10 c.c. of 20% aq. KBr, required 38-2 c.c. of 
0-2N-KBrO, for bromination at room temp. (starch-KI paper gave a sharp 
end-point) (calc. for dibromination, 38-16 c.c.). The mixture was then made 
just alk., and the pale yellow solid filtered off; crystn. from hot KtOH gave 
3’ : 5’-dibromo-5-nitro-3 : 4’-diamino-2 ;: 4 : 6-trimethyldiphenyl in deep yellow 
flakes, m. p. 238° (Found: C, 42-2; H, 3-9; Br, 37-6. C,,;H,,O,N,Br, 
requires C, 42:0; H, 3-5; Br, 37-3%). 

Under similar conditions, 3 : 5 : 4’-triamino-2 : 4 ; 6-trimethyldiphenyl gave 
indefinite results, and excess of bromine afforded a pale yellow ppt., sol. in 
alkalis and repptd. by acids; this was not further examined. 


Grateful acknowledgment is made to the Chemical Society for a grant. 
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394. Polyiodides in Benzonitrile. 
By Joun H. Martin. 


WHEN attempting to titrate by sodium thiosulphate the iodine 
present in a benzonitrile solution (about N/50), to which water and 
potassium iodide had been added, it was found that the addition of 
starch solution produced no blue coloration. Since more concen- 
trated solutions of iodine showed the same abnormal equilibrium, 
even with large excess of potassium iodide, a series of approximate 
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distribution experiments was studied, and these showed that iodine 
and potassium iodide each enhanced to an enormous extent the 
tendency of the other to pass from the aqueous into the benzo- 
nitrile layer, the increments of the two solubilities being always 
approximately in equimolecular ratio (KI : I,). 

The formation of polyiodides in aqueous solution is well estab- 
lished, and the power of benzonitrile to withdraw them from such 
a solution implies that some very stable compound is formed, for 
which search was made. Potassium iodide and iodine in the molar 
ratio 1: 1 were dissolved in benzonitrile, and the solution allowed 
to evaporate in the air. Long feathery crystals of the composition 
KI,,2C,H,N separated. A similar sodium compound was obtained, 
and lithium iodide yielded Lil,,4C,H;N. Ammonium, cesium, and 
rubidium yielded only the normal (unsolvated) polyiodides. From 
hydrogen iodide a yellow substance of formula HI;,4C;H;N was 
obtained. 

It thus seems that, although the hydrated series is incompletely 
known, the tri-iodides form a regular series in association with 
benzonitrile, the compounds with heavier kations requiring less 
benzonitrile to stabilise them. 

Each of these compounds shows a sharp m. p. (those of the 
lighter alkali metals having the higher m. p.), and possesses a 
definite vapour pressure of benzonitrile, the concentration of iodine 
in the vapour being negligible. In accordance with the views of 
Cremer and Duncan (J., 1931, 2252), the higher m. p. is associated 
with a lower dissociation pressure. ' 


EXPERIMENTAL. 


Benzonitrile Derivatives.—The compound KI,,2C,H,N crystallised from 
PhCN solution in brownish-green feathery crystals, which were dried between 
filter papers and then over P,O,, which absorbed PhCN. The dried material, 
m. p. 53°, was analysed by the method of Grace (J., 1931, 398) as adapted 
for the benzene compounds; care had to be taken in the regulation of the 
temp. of the silver-foil absorption tube, as the PhCN tended to decompose, 
depositing tarry matter (Found: KI, 25-63, 25-91, 25-56, mean 25-70; I,, 
39-79, 40-39, 39-89, mean 39-99. KI,,2C;H,N requires KI, 26-56; I,, 
40-58%). 

The dissociation press., measured in a glass-spring manometer, showed a 
break at the m. p. The dissociation pressures of three of the polyiodides 
are given in the figure; absolute accuracy is not claimed for them, but they 
clearly show the order of stability of the compounds, The vapour recom- 
bines rapidly with the solid on cooling (cf. this vol., p. 588). 

The sodium compound, NalI,,2C,H,N, dark green-brown feathery crystals, 
was prepared and examined similarly; m. p. 67° (Found: Nal, 23-72, 23-36, 
23-53, mean 23-54; I,, 41-63, 41-73, 41-60, mean 41-65. NaJ,,2C,H,N requires 
Nal, 24-59; I,, 41-64%). 
4Q2 
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In the prepn. of the lithiwm compound, Lil,,4C,H,N, the evaporation of 
the PhCN solution had to be carried out in vac. over P,O,, because atm. 
moisture decomposed the material. This formed dark green needles, m. p. 
92-5°, showing a very low dissociation pressure (Found: Lil, 16-47, 16-40, 
16-36, mean 16-41; I,, 32-57, 32-69, 32-64, mean 32-63. Lil,,4C;H,N requires 
Lil, 16-74; I,, 31-67%). 

HI,,4C,H,N separated in pale brown crystals from an ice-cooled mixture 
of 70% HI aq. and a solution of I in PhCN [Found: total I (mean value, 
by Grace’s method), 46-23. HI,,4C,;H,N requires I, 47-97%]; m. p. 97°. 
Strong alkali slowly decomposed it with liberation of PhCN, and Na decom- 
posed its solution in dry Et,O, liberating H. 


Dissociation pressures of polyiodides combined with benzonitrile. 
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Tho only recorded compound resembling this is C;H,;N,2HI, m.p. 135— 
140° (Biltz, Ber., 1892, 25, 2536). 

Derivatives of Other Nitriles.—o-Toluonitrile gave a corresponding green 
Li compound, Lil,,4C,H-;N, closely resembling that from PhCN; MeCN and 
CH,Ph-CN gave no compounds, though iodides and iodine enhanced each 
other’s solubilities in these solvents. 


Summary. 


1. In the presence of potassium iodide, benzonitrile removes 
iodine almost completely from aqueous solutions. 

2. Solid tri-iodides of Li, Na, and K containing benzonitrile and 
o-toluonitrile have been crystallised. Rb, Cs, and NH, tri-iodides 
do not combine with benzonitrile. 

3. A solid compound, HI,,4C,H,N, has been obtained. 
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4. The m. p.’s of the polyiodides rise, and the dissociation pres- 
sures fall, with descending atomic weight in this series. 


This work was done in the laboratory of Professor H. B. Baker, F.R.S., to 
whom the author is grateful for the kindly interest he has shown in it. 


Royat COLLEGE OF SCIENCE, 
S. KENSINGTON. [Received, July 6th, 1932.] 





395. The Mechanism of Saponification of Phenyl 
Benzoate in Aqueous Ethyl Alcohol. 


By Cuirron W. Gipsy and Witiiam A. WATERS, 


THe rate of saponification of phenyl benzoate by potassium 
hydroxide in ethyl-alcoholic solution (composition not specified, 
but, from the method of preparation, about 99-5% alcohol) was 
examined by McCombie and Scarborough (J., 1914, 105, 1304). 
Titration of the excess alkali with acid at intervals indicated that 
complete saponification at 30° required several days. Further, the 
reaction gave a definite velocity constant for the bimolecular 
equation Ph-CO,Ph + KOH = Ph-CO,K + PhOH, the rapidly 
attained equilibrium PhOH + KOH == PhOK + H,O not pro- 
ducing any apparent disturbance. 

Subsequent work by these authors (J., 1915, 107, 156; 1921, 
119, 970) showed that, for a wide range of ethyl esters of both 
aliphatic and aromatic acids, alkaline saponification could always 
be represented as a bimolecular reaction, but that the actual value 
of the velocity constant varied in a very definite manner with the 
composition of the aqueous ethyl alcohol used as solvent. 

In view of the great applicability of saponification measurements 
of alkyl esters in the quantitative development of theories of 
polarity, the present authors, after discussion with Drs. McCombie 
and Scarborough, have reinvestigated the alkaline hydrolysis of 
aryl esters in alcohol-water mixtures of definite composition. The 
problem, however, appears to be so complex that the following 
qualitative account, indicating the mechanism of the reaction, is 
communicated pending a more complete quantitative investigation, 

The saponification of phenyl benzoate in ethyl alcohol is by no 
means so simple a reaction as that of ethyl benzoate in the same 
solvent, since in the quaternary system, phenyl benzoate-sodium 
hydroxide-ethyl alcohol—water, alternative saponification processes 
(A) and (B) are possible : 
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A. (i) PhCO,Ph + NaOH —> Ph-CO,Na + PhOH 
(ii) PhOH + NaOH == PhONa +H,0 

B. (i) EtOH + NaOH == EtONa +H,0 
(ii) Ph-CO,Ph + NaOEt —> Ph-CO,Et + NaOPh 
(iii) Ph-CO,Et -+ NaOH —> Ph-CO,Na + EtOH 


of which A (i), B (ii), and B (iii) may all be slow and possibly of 
comparable rates. It follows that the rate of formation of sodium 
benzoate, which is that measured by titration of excess alkali after 
definite times, is not necessarily the same as the rate of liberation 
of phenol (or sodium phenoxide). Consequently, a reaction mix- 
ture containing initially 0-03N-phenyl benzoate and 0-09N-sodium 
hydroxide was titrated at about hourly intervals (a) for excess 
alkali, using hydrochloric acid with phenolphthalein as indicator, 
and (b) for free phenol, using the bromine-titration method (Francis 
and Hill, J. Amer. Chem. Soc., 1924, 46, 2498). The first titrations, 
taken after 2 hours’ reaction, indicated that whereas only 20%, of 
the ultimate amount of sodium benzoate had been liberated, already 
over 97% of the ultimate amount of phenol had been liberated, 
the residual phenol being, in fact, of the same order as the experi- 
mental error in the titration of the 10 c.c. portions of reaction 
mixture used. Continuation of the hydrolysis indicated a prac- 
tically constant value for free phenol (97—100%), and a very 
gradual liberation of free benzoate, 50% only being formed in 12 
hours and 75% in 24 hours. During the whole period the electrical 
conductivity of the solution gradually decreased. 

It is thus evident that the saponification of phenyl benzoate in 
ethyl-alcoholic solution must proceed by process (B), in which 
reaction (ii) must be very much faster than (iii),,.the ratio of the 
rates of these two reactions being apparently of the order 1000: 1. 

This conclusion has been confirmed qualitatively (i) by showing 
the presence of free phenol (by reaction with bromine water and by 
coupling with a diazo-solution) in an alcoholic mixture of phenyl 
benzoate and sodium hydroxide after less than one minute; (ii) by 
separating, purifying, and identifying ethyl benzoate, formed in 
practically quantitative yield, after 5 minutes’ reaction only, 
after which time no unchanged phenyl benzoate could be found. 
Similar qualitative reactions were given by ethyl-alcoholic and by 
methyl-alcoholic solutions. Further, p-iodophenyl benzoate reacted 
similarly to phenyl benzoate. 

Jones and Lapworth (P., 1914, 30, 142) have observed the same 
sequence of reactions in the decomposition of phenyl acetate by 
both acid and alkaline alcoholic solutions. 

In view of the well-recognised catalysis of ester hydrolysis by 
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hydroxyl ions, it seems probable that the saponification process in 
the mixed solvent proceeds by an ionic addition mechanism in 
which the anions OH’, OEt’, and OPh’ are the reactive entities : 


gO for gO 
(a) Ph co OPh + OEt- <== Ph-C—OPh == Ph- ort + OPh- 
OEt 


gO /o- 
(b) Ph é OEt + OEt- — Ph-C—OEt 





\OEt 
ZO Sf pO 
(c) Ph C—OEt + OH- ==> Ph C— OEt ——> Ph ia -OH + OEt- 
\OH man 


/O- 
(or  Ph-C = O + EtOH) 

Following generally accepted theories of polarity, the relative 
orders of the rates of reaction, viz., B (ii) >A (or a and b>c on the 
ionic interpretation), would be in accord with the relative reactivities 
of the anions: OEt’ (Alkyloxy) >OPh’ (Aryloxy) >OH’, the inverse 
of their stabilities in the free state. 

From a number of reaction-velocity measurements, covering a 
range of concentrations of both ester and alkali, it appears that no 
one bimolecular reaction-velocity constant can be obtained for the 
saponification of phenyl benzoate in the aqueous alcohol. Since 
the investigated reaction mixtures have been shown to consist, 
after a very short time, of ethyl benzoate in an alkaline solution 
partly neutralised by phenol, it follows that a complete quantitative 
examination must involve a detailed study of the buffering of 
aleohol-water mixtures for which no reference standards are yet 
available. 

The rate of saponification of ethyl benzoate by sodium hydroxide 
is greatly decreased by the presence of phenol. Also, by the use 
of very weak alkalis, it is possible to obtain a slow liberation of 
phenol from phenyl! benzoate. 


EXPERIMENTAL. 


Pure Ph-CO,Ph was saponified with NaOH in 95% EtOH at 30°, and was 
titrated at intervals for PhOH (Francis and Hill, loc. cit.) and for excess 
alkali, 0-05N-acid and phenolphthalein being used. The following results 
were indicated : 

After 2 hours, phenol liberated = 97%; benzoate = 25% 
> 2 ” ” ” aed ‘98% ” = = 58% 
24 “a = 99°? ‘s = 75% 


> 9? %? 


but the bimolecular velocity const., cale. from the acid titres, fell steadily 
from 0-023 to 0-011 (in 1./g.-mol./min.). 
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The method of phenol estimation did not affect the course of the saponific- 

ation, since when pure Ph-CO,Ph dissolved in 95% EtOH was treated in a 
stoppered test-tube with 1 drop of Br aq., Br remained after 4 hrs. Addition 
of dil. H,SO,, as in the PhOH estimations, had no perceptible effect. 

The following tests verified the rapid liberation of free PhOH and pro- 
duction of Ph-CO,Et : : 

A. Ph’CO,H in 95% EtOH was treated with ale. NaOH at room temp., 
acidified after 1 min., and then treated with Br aq. A thick ppt. of tri- 
bromophenol formed immediately, with decoloration of the Br. MeOH 
solutions of Ph:CO,Ph acted similarly. p-Iodophenyl benzoate also yielded 
the free phenol under these conditions. Water added in bulk to the acidified 
solution produced only an emulsion of suspended Ph-CO,Et. 

B. To an alc. solution of Ph-CO,Ph was added a cold diazotised solution 
of p-toluidine in dil. acid, and the mixture was then made alk. The cold 
solution darkened rapidly, the colour reaching its max. intensity in about 10 
secs., and then matching the tint of the azo-dye produced by coupling, in 
similar concn., diazotised p-toluidine and an alk. solution of PhOH. 

C. Ph-CO,Ph (10 g.) in abs. EtOH (100 c.c.) was treated, at about 30°, 
with a solution of NaOEt, prep. by dissolving Na (2 g.) in abs. EtOH (50 c.c.). 
A faint yellow colour formed at once, and the mixture had a distinct smell 
of Ph-CO,Et. After 5 mins., the mixture was poured into 750 c.c. of H,0, 
which produced a white emulsion but no trace of solid. The emulsion was 
rapidly extracted with Et,O, and the residual aq. layer was found to contain 
free PhOH. The ethereal extract yielded on distillation 7 g. of a colourless 
liquid, b. p. 195—200°, consisting of Ph-CO,Et contaminated with PhOH, 
and no residue of higher b. p. remained. ‘The distillate, after being washed 
with NaOH, yielded 4 g. of pure Ph-CO,Et, b. p. 209—210°, which was 
hydrolysed by aq. alkali to EtOH (identified by the CHI, reaction) and 
Ph’CO,H, m. p. 121°. 

Ph’CO,Ph in 95% EtOH was not hydrolysed either by C,H,;N or by 
Mg(OH),. With Ca(OH), and Ba(OH), in suspension, PhOH was slowly 
liberated, but concordant reaction-velocity measurements were not obtained. 

Ph-CO,Et in 95% EtOH was hydrolysed much more rapidly than Ph-CO,Ph: 
K (bimolecular) = 0-0775 1./g.-mol./min. Addition of free PhOH decreased 
the velocity of hydrolysis, but even a considerable excess did not inhibit it 
entirely. 


University ScrENcCE LABORATORIES, [Received, May 3rd, 1932.] 
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396. Reactions of Unsaturated Compounds. Part I. 
Addition of Arylamines to cycloHexene and 1: 4- 
Dihydronaphthalene. 

By WitFrrep J. HIcKINBOTTOM. 


It has been shown (this vol., p. 2396) that trimethylethylene reacts 
with aniline cobaltochloride, cobaltobromide, or hydrobromide to 
yield the corresponding salts of p-amino-tert.-amylbenzene. Since 
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this appears to be the first recorded instance of an olefin combining 
additively with the nucleus of an aromatic amine, this reaction has 
been examined further, the behaviour of cyclohexene and of 1 : 4- 
dihydronaphthalene with aniline and p-toluidine having been 
studied. 

1: 4-Dihydronaphthalene (I) when heated with a mixture of 
aniline and its hydrochloride or cobaltobromide at 200—300° gives 
principally 2-p-aminophenyl-1 : 2 : 3 : 4-tetrahydronaphthalene (II), 
together with another primary and a secondary amine (not iden- 
tified). It being assumed that there is no migration of the double 
bond, there is no ambiguity about the position occupied by the 
entering group. It was then only necessary to determine the 
orientation of the amino-group. This was done by converting the 
amine into the corresponding bromo-compound and subsequently 
oxidising it with chromic acid; p-bromobenzoic acid was obtained, 
thereby establishing the formula (II). 

cycloHexene (III), when heated at 200—270° in sealed tubes 
with aniline and its hydrochloride, gave two isomeric primary 
amines: one was identified as 4-aminophenyleyclohexane (VI) by 
comparison with a specimen prepared from cyclohexylbenzene; the 
other is presumably the corresponding ortho-compound (VII). The 
product also contained appreciable amounts of cyclohexylaniline 
(VIII), identified by means of its p-toluenesulphonyl derivative 
(m. p., mixed m. p., and crystallographically). 

The reaction between p-toluidine and cyclohexene was then inves- 
tigated. It was expected that the product would be less complex 
than that from aniline and that the secondary amine would be 
present in greater amount and more easily isolated. Actually, the 
product consisted of a mixture from which 4-amino-3-cyclohexyl- 
toluene (IV) and cyclohexyl-p-toluidine (V) were isolated in a pure 
state. The latter is crystalline at room temperature and was 





H, NH, NH, NH, 
\a ; r. 
CX a ’gH 3, <— He ie —> C.Hy, 
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identified by comparison of the free amine, its nitrosoamine, and its 
p-toluenesulphonyl and m-nitrobenzenesulphonyl derivatives with 
specimens derived from another source. 

The formation of secondary amines by this reaction can be con- 
sidered in effect to result from the addition of R-NH, to the double 
bond, and is the first record of such an addition to an unsaturated 
hydrocarbon, the only known examples of combination of this 
group with the double bond being confined to the «$-unsaturated 
acids and «f-unsaturated ketones. As compounds containing the 
-C:C-CO group have an unusual facility for additive reactions with 
many classes of substance which are indifferent to unsaturated 
hydrocarbons (cf. Lapworth and McRae, J., 1922, 121, 2741; 
Kolker and Lapworth, J., 1925, 127, 307), the addition of R-NH, 
to cyclohexene is unexpected. Discussion of the nature of this 
reaction is deferred until it has been possible to examine experi- 
mentally some of the hypotheses which might be advanced to 
account for it. 

During the course of these investigations it became necessary to 
prepare cyclohexylaniline and cyclohexyl-p-toluidine. These were 
readily obtained by heating cyclohexyl bromide with a moderate 
excess of the arylamine; 25—30% of the cyclohexyl bromide was 
converted into cyclohexene. 


EXPERIMENTAL. 


Reaction between cycloHexene, Aniline, and Aniline Hydrochloride: Form- 
ation of cycloHexylaniline, 2- and 4-Aminophenyleyclohexanes. 

cycloHexene (12-15 g.), NH,Ph (12 g.), and dry NH,Ph,HCl (21 g.) were 
heated in a sealed tube at 230—250° for 6 hrs. After cooling, the reaction 
mixture was acidified with HCl and steam distilled, whereby unchanged 
cyclohexene (3-65 g.; b. p. 80—85°) and a small amount (0-1 g.) of a higher- 
boiling Cl-containing substance were removed. The residue was rendered 
alkaline, and the amine taken up in Et,O and fractionally distilled under 
35 mm. press. After excess of NH,Ph had passed over, almost all the amine 
(10-5 g.) was obtained between 165° and 178°. The small residue was not 
further examined. By systematic fractionation of the main and intermediate 
fractions, the reaction product was collected at 158—165° /26-5 mm. (10-56 g.; 
62% of theo. after allowing for recovered cyclohexene). After unsuccessful 
attempts to separate the components by fractional crystallisation of their 
salts, combined with fractional distillation, two primary amines and one 
secondary amine or their derivatives were isolated by the following process. 

Isolation of 2-Aminophenyleyclohexane (VII) and cycloHexylaniline (VIII).— 
The mixture of amines (10-56 g.), diluted with C,H,, was warmed with 
insufficient picric acid (10 g.) to combine with all the base present. The ppt. 
was collected, and this, together with a further amount obtained by concn. 
of the filtrate, was washed several times with cold Et,0 and reserved (A). 
The combined mother-liquors and washings were dark red and showed no 
sign of depositing further cryst. picrate. They were accordingly decomposed 
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by NH, aq., and the liberated amines taken up in Et,O, the extract being 
washed, dried (Na,SO,), and fractionated. The amine distilled almost com- 
pletely (3-67 g.) at 171—174°/35 mm., and was found to be a mixture of a 
primary and a secondary amine which were subsequently identified as 
2-aminophenylcyclohexane and cyclohexylaniline. 

The former was purified by fractional erystn. of the mixed nitrates, first 
from H,O and then from EtOH. 2-Aminophenylcyclohexane is a colourless 
oil; its hydrochloride crystallises from H,O in needles (sometimes 1’’ long) 
containing 1H,O, which is lost at 80° (Found, for the anhydrous salt: HCl, 
17:3. ©,.H,,N,HCl requires HCl, 17-25%). The nitrate separates from 
EtOH in well-formed transparent tablets or plates, often 2 or 3 mm. broad. 
The p-toluenesulphonyl derivative, prep. in C;,H,N solution, separates from 
EtOH in small white crystals, m. p. 156—157° (Found: N, 4:7. C,,H;,0,.NS 
requires N, 4-2%); and the acetyl derivative forms a felted mass of slender 
needles from aq. EtOH, m. p. 102—103°. 

The mother-liquors from the fractionation of the nitrates contained a 
considerable proportion of a secondary amine (shown by nitrosoamine test) ; 
as it could not be freed completely from primary amine, it was converted 
into its p-toluenesulphonyl! derivative by reaction in C;H,N, and this was 
dissolved in Et,0. Repeated extraction of this solution by aq. ale. NaOH 
removed the derivative of the primary amine, and evaporation of the ethereal 
solution yielded that of the secondary amine. It separated from EtOH in 
well-formed tablets, m. p. 141—142° (Found: N, 4:6. ©C,,H,,0,NS requires 
N, 4:2%), and was identified as the p-toluenesulphonyl derivative of cyclo- 
hexylaniline by comparison (and mixed m. p.) with a specimen prepared from 
another source (p. 2651). This identity was confirmed crystallographically 
by Mr. E. G. Cox of this Department, who reports as follows: ‘‘ A crystal- 
lographic examination of the two samples of p-toluenesulphonyl derivative 
of eyclohexylaniline showed them to be identical in cryst. form. The crystals 
(Fig. 1) are monoclinic combinations of the forms a{100}, c{001}, and o{11]}, 
usually tabular on a, but sometimes with a and o equally developed, c being 
always small. The single face (210) was observed on one crystal only; apart 
from this, the class appears to be prismatic. The elements are a:b:c = 
1-279: 1: 1-1090; B = 93° 47’, whilst the classification angles (according to 
the system proposed by T. V. Barker) are cr(001):(101) = 38° 49’, 
ra(101) : (100) = 47° 24’, am(100): (110) = 51° 56’, and 0bg(010): (011) = 
42° 26’. The birefringence is high (>0-1), the direction of the maximum 
index being apparently parallel to the b-axis.” 

Isolation of 4-Aminophenyleyclohexane (V1).—The amine liberated from 
the crude picrate (A; p. 2648) by treatment with NH, aq. was not pure and 
could not be purified by further crystn. of the picrate. It was converted 
into the sulphate, which was fractionally crystallised from H,O and then 
from EtOH. The most sparingly sol. fractions yielded an amine, b. p. 157— 
158°/16 mm., which did not solidify at —16° and still contained an isomeride, 
but acetylation afforded a mixture from which the pure acetyl derivative 
was isolated (as nacreous leaflets, m. p. 130—131°, from EtOH) by crystn. 
from HOAc aq. Hydrolysis of the purified acetyl compound (hot 20% HCl) 
yielded the hydrochloride of 4-aminophenyleyclohexane, from which the pure 
amine was isolated; flat needles or prisms, m. p. 54—55° (Found: C, 82-3; 
H, 10-3; N, 8-1. Cale. for C,,H,;N: C, 82-2; H, 9-8; N, 8-0%), from light 
petroleum. The phenylthiourea derivative forms small glistening crystals 
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from EtOH, m. p. 163—164° (Kursanoff, Annalen, 1901, 318, 309, gives 
m. p.’s 54—56°, 128—129-5°, and 157—158° for the amine, acety! derivative, 
and phenylthiourea derivative respectively). m-Nitrobenzencsulphonyl deriv- 
ative, slender white needles from EtOH, m. p. 160—161° (Found: N, 8-0. 
C,,H»0,N,8 requires N, 7:8%). 

For confirmation, 4-aminophenylcyclohexane was prepared from cyclohexyl 
bromide as follows. 

cycloHexylbenzene. Freshly-distilled cyclohexyl bromide (54 g.) was added 
gradually to 250 g. of C,H, and 10 g. of anhyd. AICI,, the mixture being kept 
at 35° and the addition regulated so that a steady evolution of HBr was 
maintained. The whole was then kept at 50° for 3—4 hrs., and after the 
usual treatment with ice-cold HCl aq., the product was fractionated. The 
main fraction (235—250°) solidified in a freezing mixture; m. p. 2—6° 


Fie. 2. 


Fie. 1. 





























(Kursanoff gives m. p. 7°) (yield 33-2 g.). It was purified by fractionation 
under reduced pressure, b. p. 110°/20 mm. 

4-Nitrophenyleyclohexane. Fuming HNO, (110 g.) was added gradually 
to cyclohexylbenzene (18-9 g.) cooled in ice-water and well stirred. The 
mixture was kept in ice for 1 hr., and the upper layer was separated, washed 
with ice-water, diluted with Et,0, and added to a further ethereal solution 
obtained from the aq. layer and the washings. After the usual procedure, 
distillation under 17 mm. gave a fraction at 170—190°, followed at 190° by 
4-nitrophenylcyclohexane, which solidified on cooling. The pure nitro-com- 
pound separates from EtOH in thin plates, m. p. 56—58° (Kursanoff, loc. 
cit., gives m. p. 57—58°, b. p. 200—205°/26 mm.; Mayes and Turner, J., 
1929, 500, give m. p. 58-5°, b. p. 198°/16 mm.). 

Reduction of the nitro-compound by Sn and aq. alc. HCl gave 4-amino- 
phenyleyclohexane, m. p. 54—55°, unaltered on admixture with the product 
described on p. 2649. The acetyl derivatives from both sources were similarly 
shown to be identical. 

Preparation of cycloHexylaniline from cycloHexyl Bromide.—NH,Ph (60 g-) 
and cyclohexyl bromide (32-5 g.) were heated together in an oil-bath at 120° 
for 4 hrs., and then the temp. was gradually raised to 150° during 8 hrs. 
On cooling, the product deposited crystals, and had a strong odour of cyclo- 
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hexene. It was strongly acidified, and steam distilled to remove cyclohexene 
(4:17 g., b. p. 81—84°; 0-35 g. of higher b. p. containing unchanged cyclohexyl 
bromide). The amine liberated from the acid solution was taken up in 
Et,0 and distilled first at ordinary press. to remove NH,Ph and then under 
reduced press. cycloHexylaniline was collected at 162°/34 mm. or 146— 
147°/16 mm.; it solidified in a freezing mixture, and then melted at 8° 
(yield 19-6 g.; 73% of theo. after allowing for recovered cyclohexene) (Sabatier 
and Senderens, Compt. rend., 1904, 188, 457, give m. p. about 10°, b. p. 
171°/30 mm.; Fouque, ibid., 1917, 165, 1062, gives m. p. 16°, b. p. 157°/ 
20mm.; I. G. Farbenind., E.P. 261,764/1926, give b. p. 142°/15 mm.). 

The hydrochloride crystallises well from its conc. aq. solution (Found : 
HCl, 17-25. C,,H,;N,HCl requires HCl, 17-25%). The amine was further 
characterised by its picrate, m. p. 164—165°; acetyl derivative, m. p. 69—70° ; 
benzoyl! derivative, m. p. 101—102° (Fouque, loc. cit., gives m. p.’s 164°, 66°, 
and 102° respectively). The p-toluenesulphonyl derivative separates from 
EtOH in stout glistening tablets, m. p. 141—142° (Found : N, 4-6. C,,H,,;0,NS 
requires N, 4-2%). 

Reaction between cycloHexene, p-Toluidine, and p-Toluidine Hydrochloride : 
Formation of cycloHexyl-p-toluidine and 4-Amino-3-cyclohexyltoluene. 

A mixture of p-toluidine (4 g.), its hydrochloride (20 g.), and cyclohexene 
(8-1 g.) was heated in sealed tubes at 270—280° for 6 hrs. The product was 
acidified with HCl aq., steam-distilled to remove unchanged cyclohexene 
(2 g.), then diluted and partially neutralised. The suspended tarry matter 
was collected and extracted twice or thrice with small amounts of boiling 
H,0. The combined washings and filtrate were made alkaline and the 
liberated amine taken up in Et,0. After removal of Et,O and most of the 
p-toluidine at ordinary press., fractionation under 20 mm. gave 7-61 g., b. p. 
150—170°, and left no appreciable residue. Further fractionation gave 6-11 g. 
at 160—170°/20 mm., principally at 165—170°. This fraction was a mixture 
of a primary with a secondary amine; separation was effected by crystn. of 
the oxalates alternately from hot EtOH and hot H,O. 

Isolation of 4-Amino-3-cycloheryltoluene (IV).—The most sparingly sol. 
oxalate fractions melted at 175—178° (efferv.) and yielded by treatment with 
aq. alkali 4-amino-3-cyclohexyltoluene (1-65 g.), b. p. 167—-168°/21 mm.; a 
further 0-21 g. was obtained boiling outside this range. From the other 
fraction of the oxalates, another 1-57 g. of the pure oxalate of the primary 
amine was fractionally crystallised. 

4-Amino-3-cyclohexyltoluene is a viscous, very pale yellow liquid, which 
slowly darkens on keeping (Found: N, 7-7. C,,;H,,N requires N, 7-4%); 
hydrochloride, long needles, generally grouped in radiating masses (Found : 
HCl, 15-9. C,,H,,N,HCl requires HCl, 16-15%), from aq. EtOH; sulphate, 
sparingly sol. in cold H,O, separating in radiating clusters of hair-like needles ; 
the acetyl derivative, clusters of slender needles, m. p. 136—137° (Found : 
C, 77-5; H, 9:1. C,,;H,,ON requires C, 77-8; H, 9-1%), from aq. EtOH, is 
hydrolysed comparatively slowly by hot HCI aq. 

Isolation of cycloHexyl-p-toluidine (V).—The most sol. fractions (from the 
separation of the product as oxalates) were made alkaline, and the amine 
which separated was taken up in Et,O and fractionated under reduced press. 
The principal fraction (0-68 g.), b. p. 179—181°/33 mm., was a secondary 
amine containing traces of a primary; other fractions (total 0-49 g.) con- 
tained relatively less secondary amine. 
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The main fraction solidified on keeping. After draining on porous earthen- 
ware, it melted at 42°. It was identified as cyclohexyl-p-toluidine by its 
nitrosoamine, m. p. 56—57°; p-toluenesulphony] derivative, m. p. 133—134°; 
and m-nitrobenzenesulphonyl derivative, m. p. 143—144°. These were 
identical with corresponding specimens prepared in the following manner, 

cycloHexyl-p-toluidine. p-Toluidine (64 g.) and cyclohexyl bromide (38 g.) 

were heated together under reflux in an oil-bath at 130°. After 4 hrs., the 
semi-solid product was cooled, acidified with HC] aq., and steam distilled, 
The distillate yielded cyclohexene (5-4 g.; b. p. 81—84°) and 1 g. of a mixture 
of the unchanged bromide and cyclohexene. The residue was rendered 
alkaline, the liberated amines taken up in Et,O, dried, and fractionated. 
After removal of the bulk of the p-toluidine at ordinary press., the residue 
(18-6 g.) distilled at 163—171°/22mm. It solidified on cooling and after a 
further fractionation was obtained pure; m. p. 42—42-5°, b. p. 161—161-5°/ 
20 mm. (Found: C, 82-6, 82-4; H, 10-4, 10-6; N, 7-6, 7-7. C,3;H,N requires 
C, 82-5; H, 10-1; N, 7-4%). eycloHexyl-p-toluidine is fairly easily sol. in 
most of the common org. solvents; it separates from light petroleum (pb. p. 
40—60°) as thin transparent plates. The hydrochloride separates from warm 
H,0 in groups of small prismatic needles (Found : HCl, 16-05. C,,H,,N,HCl 
requires HCl 16-15%). The acetyl derivative, transparent tablets from light 
petroleum (b. p. 40—60°), m. p. 87—88° (Found: N, 6-4. C,;H,,ON requires 
N, 6°1%), is easily sol. in the usual org. solvents ; its crystals have the following 
properties (E. G. Cox): ‘“‘ This substance (Fig. 2) occurs in colourless mono- 
clinie crystals, exhibiting the forms a{100}, b{010}, c{001}, d{012}, d’{012}, 
and o{111}, o’{111}, p{11]}, and p’{111}, a usually predominating, d and @’ 

very small. The development of the crystals indicates sphenoidal symmetry. 

The elements are a:b: c = 1-304: 1: 0-926, B = 100° 24’; the classification 
angles are cr(001) : (101) = 31° 45’, ra(101) : (100) = 47° 51’, am(100) : (110)= 

52° 04’, and bq(010) : (011) = 47° 40’. The birefringence is high (>0-12).” 

Gradual addition of NaNO, aq. to a solution of the amine in ice-cold 20% 
HOAc yielded the nitrosoamine; after being washed and dried on porous 
earthenware, this was recryst. from light petroleum (b. p. 40—60°), separating 
as very pale yellow prismatic needles, m. p. 57—58° (Found: N, 13-2. 
C,3H,,ON, requires N, 12-85%). ; 

The p-toluenesulphonyl derivative crystallises from EtOH in prismatic 
needles, m. p. 133—134° (Found: N, 4:3. OC, 9H,,;0,NS requires N, 4-1%); 
and the m-nitrobenzenesulphonyl derivative forms a white mass of slender 
needles, m, p. 143—144° (Found: N, 7-6. C,,H,,0,N,S requires N, 7-5%). 

The Reaction between 1 : 4-Dihydronaphthalene, Aniline, and Aniline Salis : 
Formation of 2-p-Aminophenyl-1 : 2 : 3 : 4-tetrahydronaphthalene. 

1 : 4-Dihydronaphthalene was prepared by Bamberger and Lodter’s method 
(Annalen, 1895, 288, 75), precautions being taken to minimise isomerisation 
to 1 : 2-dihydronaphthalene (cf. Straus and Lemmel, Ber., 1921, 54, 25); it 
contained unchanged naphthalene, but as this took no part in the subsequent 
reaction, it was not removed. 

NH,Ph (6 g.), dry NH,Ph,HCl (3 g.), and 1 : 4-dihydronaphthalene (6 g-) 
were heated slowly (4} hrs.) in a sealed tube to 300°, and kept at that temp. 
for 44 hrs. After cooling, the contents were solid and cryst.; they were 
made strongly acid with HCl and steam distilled, naphthalene and dihydro- 
naphthalene (1-5 g.) passing over. The residue was largely diluted with H,0 
and partially neutralised. It was then filtered, and the tarry matter extracted 
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UNSATURATED COMPOUNDS. 





repeatedly with hot H,O and very dil. HCl. The combined filtrate and 
extracts were made alkaline, the liberated amines taken up in Et,O, dried 
(K,CO,), and the solvent evaporated; distillation up to 200° then removed 
aniline, leaving a dark viscous mass consisting largely of aminophenyltetra- 
hydronaphthalene (yield 5-3 g.). This was purified by conversion into 
sulphate, which was cryst. from EtOH and then extracted once with H,O 
(yield 4-17 g.). The purified sulphate, by treatment with conc. NH, aq. in 
presence of Et,O, yielded the free amine, which solidified on evaporation of 
the solvent. 
Some other preparations are summarised in the following table : 


* Dihydro- Yield 

NH,Ph, naphtha- Aniline salt used, Exptl. of dry 

g. lene, g. and wt., g. conditions. sulphate, g. 

6-0 4-3 Cobaltobromide, 4-0 4} hrs. at 300° 3-1 

8-0 3°64 Cadmibromide, 10-0 9 hrs. at 300—320° 4-8 

8-0 6-4 Hydrobromide, 4:0. 4 hrs. at 260—300° 4-75 

7-2 9-9 oe 13:3. 6 hrs. at 220° (9-8 crude 

amine) 


* In this wt., allowance is made for the material recovered after the 
reaction. 


2-p-Aminophenyl-1 : 2: 3 : 4-tetrahydronaphthalene was purified by crystn. 
from rectified spirit, from which it separates in thick tablets, m. p. 89—90° 
[Found: C, 86-2; H, 7-6; N, 6:2; M, 242 (Rast). C,,H,,N requires C, 
86-05; H, 7-7; N, 63%; M, 223]. It is readily sol. in Et,0 and C,H,g, less 
sol. in cold EtOH or light petroleum. 

The hydrochloride crystallises from H,O in small nodular clusters of flattened 
needles (Found: HCl, 14:1. C,,H,,N,HCl requires HCl, 14-05%); it is 
readily sol. in EtOH, less sol. in cold H,O, and is pptd. from aq. solution by 
excess of HCl. The hydrobromide was recryst. from hot H,O (Found: HBr, 
26-4. C,,H,,N,HBr requires HBr, 26-6%). The sulphate is very sparingly 
sol. in cold H,O, somewhat more readily in boiling H,O or EtOH [Found : 
H,S8O,, 18-4. (C,.H,,N),,H,SO, requires H,SO,, 18:0%]. The picrate is 
sparingly sol. in C,H, and in Et,0O, easily sol. in acetone. It separates from 
hot C,H, containing EtOH in groups of radiating yellow needles, m. p. 186— 
188° (decomp.) (Found: N, 12-3. C,,H,,N,C,H,0,N,; requires N, 12-4%). 
The acetyl derivative separates from EtOH in thin platelets, m. p. 184—185° 
(Found: N, 5-4. C,,H,,ON requires N, 5-3%); and the m-nitrobenzene- 
sulphonyl derivative crystallises from glac. HOAc or aq. acetone in stout, 
cream-coloured prisms or tablets, m. p. 168—169° (Found: N, 6-9. 
C..H,.O,N,8 requires N, 6-9%), sparingly sol. in EtOH, more readily in 
acetone, and sol. in dil. NaOH aq. 

a-Phenyl-B-(p-tetrahydronaphthylphenyl)thiourea was prepared by warming 
the amine in C,H,—light petroleum (b. p. 60—80°) with a slight excess of 
PhNCS. The oil which separated solidified on keeping, and was purified by 
extraction with small amounts of C,H, and EtOH, followed by crystn. from 
acetone; nodules of small needies, m. p. 154—155° (Found: N, 7-9. 
CsH,.N,S requires N, 7-8%). 

2 p-Hydroxyphenyl-1 : 2 : 3 : 4-tetrahydronaphthalene.—A warm solution of 
the amine in a large excess of dil. H,SO, was chilled rapidly and diazotised 
by addition of slight excess of NaNO, aq. Excess of HNO, was removed by 
addition of urea, and the solution poured into moderately conc. H,SO, and 
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then heated under reflux on a steam-bath for 2 hrs. Steam distillation 
removed the phenol as a crystalline solid, which was collected, and purified by 
solution in dil. NaOH aq. and repptn, by acid, It separates from light 
petroleum or aq. EtOH in slender needles, m. p. 130—131° (softening at 
129°) (Koenigs, Ber., 1891, 24, 179, gives m. p. 129—130°). 

Preparation and Oxidation of 2-p-Bromophenyl-1 : 2 : 3 : 4-tetrahydronaphth- 
alene.—The finely divided hydrobromide of p-aminophenyltetrahydro- 
naphthalene, suspended in excess of HBr aq., was diazotised, and excess 
HNO, removed, as above. The solution was then poured into CuBr in HBr 
and steam distilled. The very pale yellow dense oil which passed over was 
washed in ethereal solution by dil. NaOH aq., the solvent evaporated, and 
the residual oil oxidised without further purification. 

After several preliminary experiments the following process was adopted. 
A solution of the bromo-compound in HOQAc was warmed with excess of 
CrO,; in 50% HOAc. When the slow oxidation had ceased, the solution was 
cooled and cone. H,SO, added. After the vigorous reaction had moderated, 
oxidation was completed by heating on a steam-bath for 2 hrs. After cooling, 
the resulting cryst. solid was collected, dissolved in Na,CO, aq., filtered, and 
repptd. by dil. HCl. The organic acid thus pptd, had m. p. 243—244° after 
crystn. from aq. EtOH, and was proved (mixed m. p.) (Found: equiv., 200. 
Cale. : 201) to be p-bromobenzoic acid. 


The author thanks Mr. E. G. Cox for the crystallographic measurements. 


UNIVERSITY OF BIRMINGHAM. [Received, August 8th, 1932.] 





397. The Rotatory Dispersive Power of Organic Com- 
pounds. Part XX. Rotatory Dispersion and 
Circular Dichroism of Camphor-f-sulphonic Acid 
in the Region of Absorption. 


By T. Martin Lowry and (Miss) Hetzn S. Frencu. 


THE rotatory dispersion of camphor in the region of absorption 
(Lowry and Gore, Proc. Roy. Soe., 1932, A, 135, 13) shows the follow- 
ing maxima : 


Camphor vapour at 180°. Solution in cyclohexane at 20°. 
[a] = + 2000° at 3200 A.U. [a] = + 2600° at 3200 A.U. 
— 1860° at 2800 A.U. — 2100° at 2720 A.U. 


The positive maximum is exceptionally sharp, but the negative 
maximum is of the usual smoothly-rounded form. Solutions of 
camphor in hexane (Kuhn and Gore, Z. physikal. Chem., 1931, 12, 
389) also show the anomaly that the optical activity of the ketonic 
band, instead of being distributed uniformly throughout the region 
of selective absorption, is concentrated in the part of the band 
nearest to the visible spectrum. Thus the circular dichroism reaches 
a maximum at about 3020 A.U., whereas the maximum of ordinary 
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absorption is not reached until the wave-length has fallen to a value 
2910 A.U., beyond which the circular dichroism soon becomes 
negligible. The familiar ketonic band is therefore shown, by 
measurements of circular dichroism, to be composite in character, 


Fie. 1. 
(a) Molecular extinction-coefficients, (b) circular dichroism, (c) optical anisotropy 
of camphor-B-sulphonic acid. 
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including a weak component of longer wave-length, which is strongly 
dichroic towards circularly polarised light, and a strong component 
of shorter wave-length which is almost entirely inactive. 

The present experiments show that precisely similar phenomena 
appear in aqueous solutions of camphor-f-sulphoniec acid. Thus, 
the curve of rotatory dispersion rises rapidly to a positive maximum 
[«] — 2000° at 3090 A.U., and falls to a negative maximum [«] = 
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— 2450° at 2690 A.U., with a reversal of sign at 2950 A.U. The 
ordinary absorption rises to a maximum, ¢ = 35 at 2840 ALU., but 
the circular dichroism (measured with a Fresnel rhomb of silica 
instead of with a water rhomb) has already reached a maximum, 
ce, ~ ¢ = 1-535, at 2900 A.U. The steepness of the curve of 
circular dichroism on the side of shorter wave-lengths suggested 
that the selective absorption at higher frequencies might perhaps 
cover a weak circular dichroism of opposite sign (like the second 
absorption band of the xanthates), but no negative values could be 
detected in the present experiments. The “ optical anisotropy ” 
g = (¢, ~ %)/e, which in normal cases is proportional to the frequency, 
falls towards a zero value at about 2700 A.U., since the circular 
dichroism disappears at this wave-length. 


Rotatory Dispersion of Camphor-B-sulphonic Acid in Aqueous 
Solutions at 20° (Photographic Readings). 
l= 10 em.; ¢ = 0-11854—0-0004742 g./c.c. 
(b) Negative 








(a) Positive rotations. rotations. 

[a]. A. [a]. A. [a]. A. [a]. A. 
82-97° 4176 479-3° 3352 837-0° 3222 126-53° 2941 
84:35 2950 483-7 3348 928-0 2994 337-4 2937 
99-86 4045 506-0 2973 1005-0 3203 365-6 2912 
116-73 3966 521-6 3324 1010-3 2994 506-1 2929 
118-08 2965 530-1 3317 =: 1130-3 3003 548-2 2923 
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(i) The molecular extinction coefficients, «, for 4-cm. columns of 
concentrations 0-0519 and 0-00519M at room temperature are shown 
in Fig, 1. (ii) The cwewlar dichroism, ¢, ~ 4, of 1-cm. columns of 
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0-3737, 0-1495, and 0-0299M concentrations at room temperature, 
and the optical anisotropy, g = (¢, ~ %)/e, are plotted in the same 
diagram. (iii) Values for the optical rotatory power of camphor- 
sulphonic acid, in the region of complete transparency, have already 
been recorded by Richards and Lowry (J., 1925, 127, 1503). A 


Fie. 2. 


Rotatory dispersion of camphor-B-sulphonic acid. (The maximum is shown on a 
larger scale, see left-hand and bottom legends.) 
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new series of photographic readings for more dilute solutions is set 
out in detail in the table, where the wave-lengths of the lines of the 
iron arc corresponding to a given rotation are recorded, the numbers 
in italics being those of lines on the short wave-length side of a 
maximum. These data are plotted in Fig. 2 as a complete curve of 
rotatory dispersion from 4000 to 2500 A.U.; the specific rotations 
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over the range 3200—3000 A.U., which includes the positive 
maximum, are also shown on a larger scale in the same diagram. 
As in the case of camphor, this maximum could be drawn with a 
narrow steep-sided peak, but this is probably an accidental sequel 
to the discontinuity of the spectrum of the iron arc, as a result of 
which two or three successive extinctions may be assigned to the 
same line. 
Summary. 

Aqueous solutions of camphor-$-sulphonic acid show a maximum 
absorption e = 35 at 2840 A.U., and a maximum circular dichroism 
e, ~e, = 1-535 at 2900 AU. The rotatory dispersion shows a 
positive maximum [«] = 2000° at 3090 A.U., a reversal of sign at 
2950 A.U., and a negative maximum [«] = — 2450° at 2690 A.U. 

LABORATORY OF PHySsICAL CHEMISTRY, 

CAMBRIDGE UNIVERSITY. [Received, July 13th, 1932.] 





398. Partial Vapour Pressures and Refractivities of 
Binary Mixtures of Benzene and some of its Polar 
Derivatives. 

By A. R. Martin and B. CoLtiz. 


In investigating the part which dipole moment and dielectric con- 
stant play in determining the properties of polar liquids, useful 
data are obtained by determining the effect of increasing concen- 
tration of polar molecules in an inert liquid on their activity. Pro- 
found interaction between the polar molecules may be detectable 
by changes in refractivity. For simplicity, the polar liquid should 
contain but one symmetrically placed dipole per molecule, and the 
non-polar liquid should, except for lack of polarity, be of similar 
chemical structure and molecular size to the polar liquid. These 
requirements are, as nearly as possible, fulfilled by binary mixtures 
of benzene and polar monosubstituted benzenes. The polar liquids 
used were chloro- and bromo-benzene, anisole, aniline, dimethyl- 
aniline, benzonitrile, and phenol (refractivities only are reported 
for the last). The vapour pressures were measured at 70°, in 
order that they might be of convenient magnitude, and the refrac- 
tivities at 25°, in order to avoid error due to evaporation in the 
refractometer. 
EXPERIMENTAL. 

Partial Vapour Pressures.—The method used by Zawidski (Z. physikal. 
Chem., 1900, 35, 129) is open to the objection that the comp. of the mixture 
changes during the distillation. This error is particularly large if the com- 
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ponents are very different in volatility. The same criticism applies to the 
bubbling method, and here there may be, in addition, error due to failure to 
obtain saturation of the gas stream with vapour (Berkeley and Hartley, 
Proc. Roy. Soc., A, 1906, 77, 156). Rosanoff’s method (J. Amer. Chem. 
Soc., 1909, 31, 448, 953) seems to be unsuitable for pairs of liquids of very 
different volatility, owing to the difficulty of controlling the addition of the 
more volatile component. The most promising method appears to be that 
of Sameshima (J. Amer. Chem. Soc., 1918, 40, 1482), which is similar to 
Zawidski’s except that the distillate, after filling the receiver, flows back to 
the still containing the boiling mixture. When equil. has been attained by 
adjusting the press. in the apparatus until the temp. of the boiling mixture 
remains const. at the value at which measurements are required to be made, 
the comp. and quantity of vapour leaving the still and of returning distillate 
are equal. Error due to change in comp. of the mixture during distillation 
is thus eliminated. A large sample of distillate (in the present work about 
9 c.c.) can be collected, thus permitting an accurate analysis. By rejecting 
the first filling of the receiver, error due to the presence of moisture from 
glass surfaces in the first portion of distillate may be avoided. However, if 
the volatilities of the pure components of the mixture are very different, as 
in the present work, the distillate from mixtures rich in the less volatile 
component is so rich in the more volatile component that it boils on its way 
back to the still through the thermostat. The returning distillate consequently 
does not mix thoroughly with the contents of the still, but to a large extent 
passes straight through as vapour, thus vitiating the method. This difficulty 
was overcome by the following modification of Sameshima’s apparatus. 

The apparatus (Fig. 1) was supported by clamps from vertical steel rods 
bolted 4 in. from a wooden framework securely fastened to the wall, floor, 
and ceiling of the laboratory. The still S (containing '/5—150 c.c. of liquid) 
was immersed to the level of the ground-glass stoppers in a glass-sided ther- 
mostat (covered with paraffin wax) kept just over 1° above the boiling 
temp. The ground part of the stoppers was about 3 cm. long, and it was 
unnecessary to use a mercury seal. The temp. of the boiling liquid was read 
through a telescope on a thermometer suspended by a Pt wire from a hook 
on the stopper of the still. The thermometer was of short range, graduated 
in 0-2°, and was compared at intervals with a standard recently calibrated at 
the N.P.L. 

Superheating was avoided by means of an auxiliary heater H (shown in a 
side view). In order to function properly, the electrical heater must provide 
& highly localised and fairly intense source of heat, which will produce bubbles 
of vapour that will agitate the whole of the liquid in the still. It consisted 
of three short closely-wound coils of Pt wire (0-07 mm. diam.) supported on 
4 glass framework and connected in parallel with five accumulators, which 
provided a current of just less than 1 amp. through each coil. If the wire is 
thicker, or if it forms a long uncoiled loop, it tends merely to heat the liquid 
without forming bubbles of vapour; if it is too thin, it is easily burnt out. 
Mixtures were less prone to superheat than pure substances. 

Fractionation was eliminated by circulating thermostat water through the 
jacket J. OC, and CO, were Davies double-surface condensers 2 ft. long, 
through which either tap or ice-cooled water could be circulated (it is not 
necessary for C, to be more than 6 in. long). The two condensers A and B 
(A was in series with C,, and B with C,) kept the returning distillate cool 
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and liquid until it had mixed thoroughly with the liquid in the still. The 
two small bulbs D served a double purpose: (1) to take up strain in the 
glasswork and (2) to facilitate mixing. Condenser A was surrounded with 
an air-jacket in order to prevent (1) the cooling water from becoming too 
warm and (2) undue cooling of the thermostat. It was impracticable, owing 
to glass-blowing difficulties, to place a similar jacket round condenser B. 
The short lengths of tubing Z and F, which were unavoidably exposed 
directly to the thermostat, were lagged with split corks. It was sometimes 
necessary to immerse the receiver # in a cooling mixture. 
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Fie. 1. Fic. 2. 


A lagged 10-gallon metal drum was used as a manostat, The press. in the 
apparatus was regulated to within 0-1 mm. by means of an electrical make- 
and-break, adjustable by screw, at the open end of the auxiliary manometer 
G, which, through a relay, controlled a Hyvac pump. By using a small 
pulley and a resistance in series with the armature of the shunt-driving 
motor, the speed of the pump was reduced. The setting of such a regulator 
varies with atm. press.; however, changes in the latter are negligibly small 
over the period during which it is necessary to keep the press. const. In 
order to accelerate press. equalisation in the apparatus, all tubing was of at 
least 1 cm. internal diameter. The total press, in the apparatus was read to 
0-2 mm. with a magnifying glass on the manometer M, which was fitted with 
a glass mirror-backed scale. For pumping large vols. of air out of the 
apparatus, a Geryk oil pump was used. By admitting pure dry air to the 
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apparatus at the point P, the risk of sweeping vapour into the manometer 
was avoided. 

The receiver R usually filled in about 3 mins. Boiling was maintained for 
20—30 mins. after equil. had apparently been reached. . For withdrawing 
samples of the hot mixture in the still for analysis, a pipette jacketed with 
H,O at room temp. (Fig. 2) was used in order to cool the sample rapidly and 
thus minimise change in its comp. 

The most reliable method of analysing the mixtures was by determining 
their densities at 25° in either 5 or 10 c.c. pyknometers, fitted with ground- 
glass caps. If the difference in density of the two pure liquids was 0-15, the 
composition of a mixture could be determined to 0-0005 mol.-fraction. For 
preparing mixtures of known comp., it is necessary to use long narrow-necked 
flasks with especially well-ground stoppers, filled almost to the neck with 
liquid. 

The results of Zawidski (loc. cit.) for C,H,—-CCl, at 50° were satisfactorily 
repeated. 

Refractive Indices.—These were measured for the H, line (A 6563) at 25° 
with a Pulfrich refractometer, and are accurate to 0-0001. 

Purification of Materials.—Chlorobenzene. Fractionation with an ‘‘ evapor- 
ator” still-head gave a product boiling over 0-1°. This was washed 3 times 
with NaOH aq. and H,O, and dried first over K,CO, and then over CaCl,. 
Finally, it was distilled under reduced press. 

Bromobenzene. This was washed twice with NaOH aq., and then steam- 
distilled 5 times to remove dibromobenzene. Two fractionations through a 
four-pear column gave a product boiling over 0-2°. This was dried over 
CaCl, and distilled under reduced press. 

Anisole. Fractionation twice through a four-pear column after washing 
with NaOH aq. reduced the b. p. range to 0-2°. After drying over stick 
KOH it was distilled under diminished press. ; 

Aniline. Two fractionations of A.R. aniline gave a product boiling over 
02°. This was dried over stick KOH and distilled in vac. immediately 
before use. 

Dimethylaniline, An A.R, product, in which no NHMePh could be detected 
by the Ac,O test, was subjected to the same treatment as aniline. 

Benzonitrile. This was purified by the method of Martin (J., 1928, 3275). 

Phenol. Commercial “ absolute ” phenol was freed from cresols by freezing 
out the hydrate 4 times. It was dried by fractionation 3 times through a 
four-pear column (the final product boiled over 0-1°). 

Benzene. A. R. Benzene was purified by the method of Richards and 
Shipley (J. Amer. Chem. Soc., 1919, 41, 2007). 

Alcohol. The alcohol used for washing was refluxed over CaO and distilled. 


Results. 


In Table I are given the densities, refractive indices, and v. p.’s of the 
pure substances used. Partial v. p.’s of the polar component are recorded as 
p (in mm. of Hg at 0°) in Table II; ¢ represents the composition as a mol.- 
fraction of the polar component. 

Table III gives, for mixtures of known mol.-fraction of the polar component, 
¢, the densities (d%"), the refractive indices (n2” ), the observed mol. refractivities 
L2rleses = Rops. cale. for a mol. wt. of cM, + (1 — c)M,, where M, is the 
mol. wt. of the polar component and M, that of C,H,, and the difference 
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TABLE I. 

Substance. ax". ns", V. p. (70°). 
SET Cotectdcavacnvacusceres 0-87288 1-49312 545-3 * 
Chlorobenzene ............... 1:10113 1-51697 99-3 
Bromobenzene .............+. 1-48903 1-55287 43-0 
CETIOD -0 ni 6i te Koes deena 02 1-01749 1-57662 10-6 
Dimethylaniline............... 0-95185 1-54923 8-2 
RR AA ies 0-98924 1-50992 39-8 
Bemsonitrile § .......cccccccccce 1-00105 1-52096 10-32 


* The International Critical Tables give 545-6. 


TaB_e II, 
Total Total Total 
C. press. p. c. press. p- c. press. p. 
Chlorobenzene. Bromobenzene. Dimethylaniline. 


0-0285 535-2 3-60 0:0263 533°3 1:88 0-0182 536-1 0-07 
0-0497 525-2 5-64 0-0604 514-4 3-51 0-0618 509-6 0-87 
01115 493-5 13:12 0-1061 481-4 6-76 0-1197 474-7 1-33 
0-2256 435-0 26:28 02839 401-9 1412 00-1990 431-3 2-34 
0-3938 367-1 42-28 0-3690 349-7 18:77 00-2441 403:3 2-43 
0-4138 347-2 45:99 03913 3388 19:35 00-2549 397-9 2-36 
0-5052 315-5 52:95 00-4615 296-8 22-51 0-2938 375-6 2-75 
0-6242 2513 65:47 06144 223-3 28-66 0-3444 349-6 3°37 
0:7272 206-7 76:03 06165 2142 27-68 03537 341-9 3-36 
0-8161 169-7 84:25 07407 1665 32:45 0-4529 288-9 4-32 
0-8372 166-9 85-78 00-8424 115-9 37-54 0-6066 205-0 5 

09213 128-8 93-63 0-9419 68-6 42-10 0-7417 129-9 7-09 

8-2 


0-9320 126-1 95:63 0-9565 62-9 42-28  1-0000 8-2 
1-0000 99:3 99-3 1-0000 43-0 43-0 
Aniline. Anisole, Benzonitrile. 

0-0339 526-4 0-33 00330 528-7 1:94 00359 525-9 0-86 
0-0750 6506-7 1:18 0-0795 6503-2 4:34 00798 503-6 1-61 
0-1542 472-2 2:17 0-1425 468-4 7-22 00-1228 481-2 2-40 
0-2610 429-9 440 0-3666 347-8 18-51 0-1835 451°3 2-95 
03899 376-5 5-85 00-5195 271-4 23-96 00-2659 403-2 4-05 
0-5410 319-1 688 0-6831 185-4 29-57 00-3506 369-3 4-89 
0-5850 292-9 7-23 0-9083 76-4 37-67 04164 335°8 5-49 
0-6808 244-1 7-91 1-0000 39°8 39-8 0-4888 295-7 6-71 
0-7718 176:1 8-76 0-5563 259-7 7-48 
0-7804 173-6 9-25 0-7146 164-8 8-90 
0-8156 143-1 9-29 0:7914 121-0 9-46 
1-0000 10-6 10-6 1-0000 10-32 10-32 


A = Reaic. — Pons. where Regie. = Ric + R,(1 —c), R, being the refractivity 
of the pure polar component and R, that of C,H,. For PhOH, which is solid 
and not miscible in all proportions with C,H, at 25°, the extrapolated value 
27-699 was assigned to R,. For pure benzene, Rp, = 25-992. 


Discussion. 
The close agreement between R,,. and R,,.).. (Table III) shows 
that the partial molal refractivities of the polar liquids are constant 


over the whole concentration range. The only approach to a 
systematic departure from constancy is in the case of benzonitrile. 
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TaB_e III. 
¢. a. a Robs.- A. c. a, no” Robs.- a. 
O,H,Cl-O,H, Mixtures. O,H,*NMe,-0,H, Mixtures. 


0-04095 0-88351 1-49400 26-181 +0-012 0-04103 0-87747 1-49634 26-586 +0-001 
0-06985 0-89103 1-49471 26-318 +0-017 0-10620 0-88444 1-501386 27-538 —0-007 
011537 + 0-90263 149589 26540 +0-019 0-17136 0-89086 1-50635 28-506 —0-031 
014715 0-91013 1-49677 26-712 +0-003 0-18428 0-89210 1-50693 28-678 —0-016 
016443 0-91481 1-49724 26-788 +0-012 0-21553 0-89510 1-50910 29-134 —0-019 
0-25771 0-93763 1-49982 27-258 +0-001 0-30450 0-90319 1-51478 30-424 —0-020 
034176 0-95781 1-50193 27-671 + 0-001 0°37785 0-909456 1-51941 31-496 .—0-029 
039808 0-97115 1-50327 27-945 40-004 0-45819 0-91592 1-52396 32-658 —0-027 
0-44497 0-98187 1-50441 28-170 +0-009 0-56951 0-92488 1:53019 34-285 —0-041 
056517 1-00925 1-50722 28-766 +40-004 0-79318 0-93955 1-54061 37-499 —0O-014 
068606 1-03578 1-51002 29-363 +0-001 089552 0-94587 1-54511 38-981 —0-013 
0-80654 1-06148 151271 29-951 +40-005 0-93004 0-94812 1-54643 39-461 +0-007 
087587 1-07593 1-51423 30-294 +0-003 1-00000 0-95185 1-54923 40-482 - 
0-94889 1-09083 1:51585 30-657 —0-001 

100000 1:10113 1.51697 30-907 _ 


O,H,*NH,-C,H, Mixtures. O,H,Br-C,H, Mixtures. 
(The values of d and n are interpolated.) 
0-08574 0-88640 1-50082 26-360 +0-001 0-05000 0-9094 149666 26-368 +0-011 
022112 0-90747 1-51292 26-946 —0-003 0-10000 0-9442 1-50006 26-773 —0-008 
038822 0-93262 1-:52755 27-673 —0O-Oll 0-20000 1-0143 150665 27-513 +-0-026 
046817 0-94428 1-53435 28-020 —0-014 0-30000 1-0803 151300 28-301 +0-011 
059155 0-96214 1-54466 28-551 —0-014 0-40000 1:1446 151919 29-074 -+0-012 


071177 0-97907 1-55447 29-065 —0-011 0-50000 = 1-2070 1-52520 29-844 +0-015 
0-78628 0-98925 1-56050 29-391 —0-016 0-60000 1-2672 1-538097 30-613 -+-0-019 
089170 1-00330 1-56867 29-843 —0-015 0-70000 + 1-3253 153644 31-381 +0-025 
100000 1-01749 1-57662 380-294 _ 080000 1/3810 154165 382-156 +0-023 


090000 1-4354 154714 82-940 +0-013 
1-00000 1-48903 1-55287 33-726 _ 
C,H,-OMe—0,H, Mixtures. 0,H,-OH-C,H, Mixtures, 


(The values of d and n are interpolated.) 
0-05000 0-88004 1-49414 26321 +0-005 0-08590 0-89066 1-49776 26-126 +0-013 


010000 0-88700 1-49515 26-655 +0-005 0-09043 0-89174 1-49809 26-134 +0-012 
020000 0-90021 1-49713 27-327 +0-001 0-23653 0-92179 1-50631 26-388 +0-011 
030000 0-91311 1-49905 27-996 —0-001 028108 0-93068 1-50864 26-465 +0-007 


040000 0-92542 1-50082 28-660 +0-003 037384 094936 1-51365 26-630 +40-000 
050000 0-93720 1-50251 29-328 +0-003 039741 0-95420 1-51496 26672 —0-002 
0-60000 0-94848 1-50412 29-995 +0-004 0-43543 0-96197 1-51693 26-734 +0-001 
670000 0-95927 1-50566 30-668 +0-004 0-56014 0-98692 1-52330 26-946 40-002 
080000 0-96962 1-50714 31-330 +40-004 0-56047 0-98682 1-52335 26-951 —0-003 
090000 0-97955 150857 32-000 40-003 1-00000 _— _— 27-699 _ 
100000 0-98924 1-50992 32-670 _ 

O,H,-ON-O,H, Mixtures, 
007543 0-88461 1-49550 26-373 +40-023 0-44008 0-93505 1-50647 28-317 + 
0-09701 0-88805 1-49622 26-482 +0-029 055560 0-94967 1-50976 28-9438 + 
014828 0-89545 1-49793 26-758 +0-028 0-56821 0-95113 1-51010 29-015 +0-018 
020560 0-90375 1-49974 27-060 +0-032 063912 0-95978 1-51196 29-395 + 
023865 0-90835 1-50062 27-231 +0-038 085754 0-98532 151752 30-574 + 
031304 0-91847 1-50294 27-685 +0-032 0-86299 0-98588 151765 80-605 +0-006 
039255 0-92893 1-50520 28-064 +0-029 100000 1-00105 1-52096 31-344 _ 


If the figures for this compound are treated by the method of inter- 
cepts (Lewis and Randall, ‘‘ Thermodynamics,” 1923, p. 38), it is 
found that the partial molal refractivity increases from about 30-05 
in dilute solution to 31-35 at mol.-fraction 0-2, after which it remains 
constant. Since this is the most polar liquid investigated, it is not 
surprising that in it a certain amount of mutual deformation of 
the molecules occurs at higher concentrations. In phenol (and 
perhaps in aniline) molecular association by co-ordination occurs 
according to Sidgwick (“‘ The Electronic Theory of Valency,’’ 1927, 
p. 134). If the argument of Smyth, Engel, and Wilson (J. Amer. 
Chem. Soc., 1929, 51, 1736) be accepted, such co-ordination should 
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be reflected in refractivity changes, since association increases with 
increasing concentration. However, no such effect is detectable 
(cf. similar results of Smyth, Engel, and Wilson for alcohols, loc. cit.), 

We shall define as “ perfect ” a solution in which the restraining 
force on a polar molecule is the same as in an infinitely dilute 
solution in benzene, where interaction between the polar molecules 
is negligible. Perfect solutions are then represented by the tangent 
to the partial vapour pressure—mol.-fraction curve of the polar 
liquid at the limit of zero concentration. Interaction between the 
polar molecules will cause deviations from this tangent. There is 
usually no difficulty in drawing the tangent. To take deviations 
from Raoult’s law as measures of imperfection is unsatisfactory, 
since to do so implies that all pure liquids are perfect, whilst 
admitting that mixtures may be imperfect. 

If the interaction between a polar molecule and the surrounding 
liquid arises from the Coulomb forces due to the electrical charges 
on the molecule, and if the surrounding liquid may be represented 
by a medium of uniform dielectric constant, then it may be possible 
approximately to account for deviations from idea] behaviour on 
the lines previously indicated by one of us (Nature, 1931, 128, 
456). It was shown that the following relation should hold 


= ho (S — 2) 
sak? \D,~ D 
plpi = € 
where, at a given concentration, p is as defined on p. 2661, p; = ideal 
vapour pressure, p = dipole moment of the polar molecule, D; = 
dielectric constant of benzene, D = dielectric constant of the 
solution, a = “‘ radius ” of the molecule, k = Boltzmann’s constant, 
and 7' = absolute temperature. A 
At present, we lack the dielectric-constant data necessary to test 
this relation completely, but. work is in progress to remedy this 
defect. Meanwhile, we can apply it to pure chlorobenzene, aniline, 
and benzonitrile. In Table IV are the values of a (in A.U.) required 
to give the observed values of p/p; and also the values of a’, the 
corresponding molecular radius if the model of a dipolar molecule 
used by Bell (Trans. Faraday Soc., 1931, 27, 799) be adopted. 


Tasie IV. 

Substance. p» x. 10". D. p| pi. a. a’. 
Chlorobenzene ......... 1-57 5-2 0-849 3-04 2-37 
MEET" cocecchccrvevcacee 1-39 6-2 0-625 2-05 1-69 
Benzonitrile ............ 3-84 22-0 0-490 3-92 3°30 


Both a and a’ are of the correct order of magnitude. Preliminary 
results indicate that p/p, for pure phenol is of the order 0-25, leading 
to values of a = 1-8 and a’ = 1-5 A.U. These values are much 
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smaller than would be expected, showing that the work of vaporising 
a phenol molecule from pure phenol is much greater than would be 
anticipated from its molecular size and dielectric properties. There 
are two possible interpretations: (1) extra work is required to 
overcome co-ordination between the molecules, and (2) owing to 
the acute angle between the valencies of the oxygen atom, the 
dipole of a hydroxyl group is somewhat isolated and neither pole is 
much screened by the radical attached to the hydroxyl group : 
the value of a for a hydroxylic compound therefore approximates 
to that for a hydroxyl group. The great power of hydroxylic 
solvents in promoting electrolytic dissociation may be due to the 
fact that both anions and kations can approach closely to an 
oppositely charged pole of the solvent molecule. When dielectric- 
constant and vapour-pressure data are available over the whole 
concentration range for phenol, it is hoped to be able to decide 
between these two possibilities, since according to (1) @ should 
vary with concentration, whilst according to (2) it should remain 
constant. 

The observation (p. 2659) that pure substances were more prone 
to superheat than mixtures may have a bearing on some effects 
attributed to intensive drying. 


Summary. 


1. The partial vapour pressures and refractivities of mixtures of 
benzene and chlorobenzene, bromobenzene, aniline, dimethylaniline, 
anisole, benzonitrile, and phenol (refractivities only) have been 
measured. 

2. An apparatus suitable for determining the partial vapour 
pressures of binary mixtures of liquids of very different volatility 
has been described. 

3. An interpretation of the results has been attempted in terms 
of the dipole moment and molecular radius of the polar molecules 
and the dielectric constant of the medium. 


We thank Mr. W. Laing for assistance in setting up the apparatus. The 
cost of this work has been partially met by a grant from the Carnegie Trust. 
One of us (B. C.) thanks the University of Aberdeen for a Robbie Scholarship. 


Universiry oF ABERDEEN. (Received, August 25th, 1932.] 
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NOTES. 
The Preparation of Glutaconic Ester and Acid. By Buawan S. GIDVANI. 


Owrne to the tedious nature of the preparation of glutaconic acid and its 
ester by the customary methods, the following simplified method may be of 
interest. 

Ethyl 8-hydroxyglutarate [25 g.; prepared as described by Dreifuss and 
Ingold (J., 1923, 128, 2964)] was dissolved in C,H,N (19-3 g.), and SOCI, 
(14-6 g.) was added gradually during 2 hrs., the flask being cooled in a freezing 
mixture. The mixture was left in the cold for a further 2 hrs., then poured 
into ice-cold dil. HCl, and the ester isolated in the usual way. Ethyl glutacon- 
ate (Found: C, 57-9; H, 7-5. Calc. for C,H,,0,: C, 58-1; H, 7-5%) (yield 
11-4 g.; 50%) boiled at 132—134°/18 mm.,.and had 4?!" 1-0496, nj” 1-4470 
and [R;]p 47:38; it gave a 70% yield of the acid on hydrolysis with 50% HCl 
aq. The dehydration of the ethyl hydroxyglutarate was also carried out by 
means of P,O, (compare Kon and Nargund, this vol., p. 2462), the yield of 
glutaconic ester being 61-4%.—Imrrriat CoLiece or Science, 8. KEnsIne- 
TON. [Received, August 5th, 1932.) 





The Reaction of Quinoline and Benzaldehyde. By W. M. Cummine and J, G. 
GILLAN, 


THE base (m. p. 99—100°) obtained by Cumming and Howie (J., 1931, 3184) 
has now been identified (mixed m. p.) as benzylidenequinaldine and was 
derived from a small quantity of quinaldine present in the quinoline employed 
(Found : C, 88-0; H, 5-7; N, 6-2; M, 232. Calc. for C,,H,,N: C, 88-3; H, 
5-7; N, 61%; M, 231). The action of Br vapour on a solution of the base in 
light petroleum gave the dibromide, colourless plates, m. p. 178° (Found: Br, 
41-3. Calc. for C,,H,,;NBr,: Br, 40-9%) (cf. Wallach and Wiisten, Ber., 
1883, 16, 2008). The base forms an anhydrous hydrochloride, lemon-yellow 
needles, m. p. 221—221-5° (see original paper) (Found: N, 5-4. C,H,,N,HC 
requires N, 5-2%), and a dihydrated form, lemon-yellow needles, m. p. 106— 
107° (Found: N, 4-8. C,,H,;N,HCI,2H,O requires N, 4°6%).—Rovat 
TECHNICAL COLLEGE, Guascow. [Received, September 10th, 1932.] 





The Recognition of Dithio-o-toluidine as 2 : 2’-Diamino-5 : 5’-ditolyl Disulphide, 

By REGinaLp CHILD. 
Hopeson and France (this vol., p. 1987) identified dithio-o-toluidine as 
2: 2’-diamino-5 : 5’-ditolyl disulphide by its prepn. from 5-bromo-2-nitro- 
toluene. This identification has already been established by Child and 
Smiles (J., 1926, 2696) by a different method, starting from the corresponding 
2-aminotoluene-5-sulphonic acid (Nevile and Winther, Ber., 1880, 18, 1941).— 
Coconut Resrarce Scueme, Lunuvina, Ceyton. [Received, September 12th, 
1932.] 





A New Stereoisomeride of 2: 3:5: 6-Tetrachlorodioxan. By Wrson Bakes. 
In preparing “ 2 : 3-dichlordioxan ” (Béeseken, Tellegen, and Henriquez, Ree. 
trav. chim., 1931, 50, 909; see Baker and Field, this vol., p. 88), the author 
isolated one of the five possible stereoisomerides of 2: 3 : 5 : 6-tetrachloro- 
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dioxan, the constitution of which was established by hydrolysis, whereby 
glyoxal, isolated as its p-nitrophenylosazone, was obtained in almost theoretical 
yield. Butler and Cretcher (J. Amer. Chem. Soc., 1932, 54, 2987; see also 
Summerbell and Christ, ibid., p. 3778) have described two other 2: 3: 5: 6- 
tetrachlorodioxans, m. p. 59—60° and 143—144°, differing from the new 
product, which is hence a third stereoisomeride. In view of the two recent 
publications the work will not be continued. 

Dioxan was chlorinated as described by Béeseken, Tellegen, and Henriquez 
(loc. cit.), but the product was distilled directly under diminished press. 
“ 2: 3-Dichlordioxan ”’ came over, followed by viscous higher-boiling fractions, 
which deposited crystals. These separated from ligroin (b. p. 40—60°) in 
colourless, highly refracting prisms, m. p. 101° (Found: Cl, 62-5. C,H,O,Cl, 
requires Cl, 62-89%). The substance has an odour recalling that of penta- 
chloroethane ; it sublimes readily in thin prisms below 100° and is exceedingly 
volatile in steam. 

The compound (0-5 g.) and H,O (25 ¢c.c.) were heated in a sealed flask at 
100°. After 3 hrs., the hydrolysis was apparently complete (cf. hydrolysis 
of the 2: 3: 5: 6-tetrachlorodioxans prep. by Butler and Cretcher), and after 
4 hrs. a solution of p-nitrophenylhydrazine (1-4 g.) in a little dil. HCl was 
added. Orange-red glyoxal p-nitrophenylosazone was pptd., collected, 
thoroughly washed, and dried at 120°; m.p. 310° (yield, 1-39 g.; theo., 
1-45 g.).—-Tur Dyson Prerrins Lasporatory, Oxrorp. ([Received, September 
22nd, 1932.) 





399. Formaldehyde Condensations with Aliphatic 
Ketones. Part I. 


By Giupert T. Morean and Eric Letcuton Hotmgs. 


THE present investigation was undertaken in order to elucidate the 
chemical changes involved in the formation of resins from formalde- 
hyde condensations with acetone or its homologues. In general, 
one molecular proportion of acetone, methyl ethyl or diethyl ketone 
was heated with two molecular proportions of formaldehyde, 
present as 40°/, formalin solution, and 2N-sodium hydroxide added 
im varying amounts according to the ketone employed. With 
wetone, 0-5 molecular percentage of alkali was sufficient to initiate 
4 vigorous reaction, and 3° produced a yellowish-brown viscous 
til insoluble in water. The reaction with methyl ethyl ketone was 
induced by 2°% of the alkali, whereas 10% precipitated a yellow 
viscous oil. Diethyl ketone needs 6%, of alkali for initial condens- 
ation and even with 20% there is no sign of resin formation. An 
exact comparison is, however, not possible, since the alkaline 
tatalyst undergoes partial or even complete neutralisation during 
these condensations. 

A vigorous reaction between formaldehyde and acetone was 
first recorded by E. Werner (P., 1904, 20, 196), who obtained a red, 





2668 MORGAN AND HOLMES: FORMALDEHYDE 


infusible and amorphous material. Miiller (Ber., 1921, 54, 1142), 
using similar conditions, isolated a paler product. Reference 
should be made to early researches by Apel and Tollens (Annalen, 
1896, 289, 46), who prepared anhydro-enneaheptitol, 


CH,-C(CH,-OH) 
O<CH;-C(CH,-OH), >CH-OH 


from acetone by a somghen ocuitinniiatiola, including reduction of 
the carbonyl group to CH(OH), wherein the six hydrogen atoms 
of the two methyl groups become replaced by hydroxymethyl 
radicals, two of which lose water so as to close the ring. The 
Bayer Company (D.R.-P. 223,207; B.P. 19,087/1909) isolated an 
intermediate compound, y-ketobutyl alcohol, representing the first 
stage of formaldehyde—acetone condensation and they also produced 
its homologue from methyl ethyl ketone. We have now succeeded 
in isolating a third intermediate, produced by condensing one 
molecule of acetone with four of formaldehyde. 

Carleton Ellis (Amer. Pats. 1502945, 1514509, and 1716542), 
who regarded acetone-formaldehyde condensations as potential 
sources of resins, used sodium carbonate, or phosphate, as catalyst, 
and on evaporating the resulting solution isolated a water-white 
viscous syrup, which we have obtained with much smaller propor- 
tions of sodium hydroxide. In his book “‘ Synthetic Resins and their 
Plastics ” (1923, p. 227) this investigator refers to a condensation 
of methyl ethyl ketone and formaldehyde, which, however, offers 
little promise of favourable resin formation. 

By fractional distillation of the acetone condensation product 
we have isolated y-ketobutyl alcohol and 3: 3- or 3 : 5-bishydroxy- 
methyltetrahydro-y-pyrone, a liquid distillable only under reduced 
pressure. The non-volatile residue amounts to more than 90% of 
the condensation product, a proportion which is in marked contrast 
to that obtained in the methyl ethyl ketone condensations, which 
yield about 95°% of volatile products, including the liquid y-keto- 
8-methylbutyl alcohol and _ y-keto--hydroxymethyl-8-methylbutyl 


H,0 ont CH,-OH 
NH, PhH 
CR—CHMe Ne tan 
(Ll; R= Meor Et). | ) 


alcohol, a solid, m. p. 60°.* The former yields a characteristic 
1-(2' : 4'-dinitrophenyl)-3 : 4-dimethyl-4 : 5-dihydropyrazole (I; R= 

* This compound was originally mentioned by one of us (G. T. M.) in the 
Presidential Address to Section B (Chemistry) at the British Association 
Meeting in September, 1930. It has since been described in Eng. Patent 361,597 
as melting at 62°. 
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Me) when condensed with 2: 4-dinitrophenylhydrazine, and the 
latter condenses with benzaldehyde to form 6-phenyl-3-hydroxymethyl- 
3-methyltetrahydro-y-pyrone (II). 

With diethyl ketone condensations there is very little resin 
formation; the main products are volatile and include mono., di-, 
and tri-hydroxymethyl derivatives, namely, -+y-keto-8-methyl-n- 
amyl alcohol, y-keto-8-hydroxymethyl-B-methyl-n-amyl alcohol, and 
y-keto-23-bishydroxymethyl-8-methyl-n-amyl alcohol. The first two 
are liquids and the third is a solid, m. p. 91°. The first gives a 
characteristic pyrazole derivative (I; R = Et), whereas with the 
same reagent the second yields a more complex compound giving 
analytical data agreeing with the composition of a hydrazone- 
dihydropyrazole (IIT). 


Me(——C—CMe—-CH,, 
N CH,-OH | 


vi 
ety NO >—Sat KSEE 0, 
O, 2 


In the presence of alkaline catalysts the tendency to form resinous 
formaldehyde—ketone condensation products diminishes considerably 
as the homologous series of aliphatic ketones is ascended. 


EXPERIMENTAL. 


I. Acetone Condensations.—Acetone (220 g.), aqueous formalde- 
hyde (500 g. of 40° solution), and 20 c.c. of 2N-sodium hydroxide 
were warmed to about 40°; a reaction then ensued which kept the 
solution boiling for 10 minutes. On cooling, the alkali was found to 
be neutralised. After removal of water on the steam-bath the 
residual colourless viscous syrup (Ellis, loc. cit.) was distilled under 
20—50 mm. to about 250° and yielded a small distillate; the re- 
mainder darkened and finally frothed into an insoluble, infusible, 
yellowish- brown resin which is still under examination. On fraction- 
ation the distillate yielded water and two colourless liquids, b. p. 
100—120°/20 mm. (8 g.) and b. p. 164—165°/20 mm. (4 g.). 

The former, redistilled (b. p. 90—92°/11 mm.), was identi- 
fied as y-ketobutyl alcohol (the Bayer patent gives b. p. 110— 
120°/30 mm.) and characterised by the following derivatives : 
(1) y-ketobutyl acetate, COMe-CH,°CH,*O-COMe, prepared by 
heating the alcohol (27 g.) and acetic anhydride (35 g.) with one drop 
of pyridine for 4 hours at 100°, was isolated as a colourless liquid on 
distillation (12 g.), b. p. 125—130°/30 mm.; much resinous material 
was formed (Found : (©, 55-4; H, 7-5. Cale. for CgH,)0, : C, 55-4; 
H,7:7%). The Bayer Company (loc. cit.) mention this acetate and 
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give b. p. 96°/15 mm., but no further details. (2) y-Ketobutyl 
acetate semicarbazone, COMe-0-CH,°CH,°CMe:N-NH-CO-NH,, 
separated as a solid when the acetate (2-5 g.), semicarbazide hydro- 
chloride (2-5 g.), and 2N-sodium hydroxide (10 c.c.) were shaken 
together; it crystallised from methyl alcohol in stout colourless 
prisms decomposing at 207° (Found: C, 45:2; H, 7-0; N, 22-7. 
C,H,,0,N, requires C, 44-9; H, 7-0; N, 22-5%). 

The less volatile liquid, b. p. 164—165°/20 mm., was identified 
as 3: 3- or3 : 5-bishydroxymethyltetrahydro-y-pyrone (Found : C, 52:6; 
H, 7°7. C,H4,0, requires C, 52-5; H, 7-5%) and was characterised 
by the following derivatives: (1) the oxime, isolated by extracting 
with benzene the residue obtained on evaporating in a vacuum a 
solution of molecular proportions of the pyrone, hydroxylamine, 
and 2N-sodium hydroxide, crystallised from methyl alcohol in 
colourless prisms, m. p. 134—135° (Found: C, 48-6; H, 7-65; N, 
8-05. C,H,,0,N requires C, 48-6; H, 7-4; N, 80%). (2) The 
pyrone (4 g.) by the pyridine or the Schotten-Baumann reaction 
yielded an equal weight of the monobenzoate, which crystallised from 
petroleum (b. p. 60—80°) in colourless needles, m. p. 107—107-5° 
(Found: C, 63-6, 63-9; H, 6-0, 5-9. C,,H,,0, requires C, 63-6; 
H, 6-05%). This and phenylhydrazine (1 mol.) in alcoholic solution 
slowly deposited the phenylhydrazone, which crystallised from 
alcohol in small colourless needles, m. p. 137°; it darkened slowly on 
exposure (Found: C, 67-9; H, 60; N, 7-9. C,. 9H,.O,N, requires 
C, 67-8; H, 6-2; N,7-9%). The 2: 4-dinitrophenylhydrazone of the 
benzoate crystallised from benzene in yellow needles, m. p. 180° 
(Found: N, 12-9. C,H .0,N, requires N, 12-6%). 

II. Methyl Ethyl Ketone Condensations—When methyl ethyl 
ketone (108 g.), 40% aqueous formaldehyde (225 g.), and 2N-sodium 
hydroxide (25 c.c.) were warmed, a reaction ensued with generation 
of sufficient heat to keep the liquid boiling for some minutes. After 
being heated under reflux for $ hour, the solution was cooled and 
treated as in the acetone condensation; the residue of non-volatile 
resin was only 5 g. Besides unchanged ketone (30—40 g.), three 
main fractions were obtained : (A) b. p. 90—110° (35 g.); (B) b. p. 
138—140° (21 g.), which solidified ; and (C) b. p. 160—200° (8 g.), all 
under 15 mm. 

Fraction A, redistilled (b. p. 89—90°/11 mm. and 186—187°/760 
mm.), was identified as y-keto-§-methylbutyl alcohol (D.R.-P. 
223,207 gives b. p. 90—95°/15 mm.) and was characterised by the 
following derivatives: the acetate, COMe-CHMe-CH,°O-COMe, 4 
colourless limpid liquid, b. p. 99—100°/20 mm. (Found: C, 58-1; 
H, 8:4. C©,H,,.0, requires C, 58:3; H, 8-3%), and its semicarbazone, 
COMe-O-CH,°CHMe-CMe:N:NH-CO-NH,, stout colourless prisms, 
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m. p. 134-5°, from benzene (Found: C, 48-0; H, 7-6; N, 21:2. 
C,H,,0,N, requires C, 47-8; H, 7:5; N, 20-95%); the p-nitro- 
benzoate (prepared by the pyridine method), pale straw-coloured 
needles, m. p. 54°, from alcohol (Found: C, 57-4; H, 5:5; N, 5-8. 
C,egH,30;N requires C, 57-4; H, 5-2; N, 56%); and 1-(2’: 4’. 
dinitrophenyl)-3 : 4-dimethyl-4 : 5-dihydropyrazole (I; R = Me), pre- 
pared by heating y-keto-B-methylbutyl alcohol (3 g.), alcohol 
(20 c.c.), 2:4-dinitrophenylhydrazine (6 g.), and concentrated 
hydrochloric acid (0-5 c.c.) until solution was complete. The 
pyrazole separated on cooling and crystallised from ethyl acetate 
in dark red prisms, m. p. 191° (Found: C, 49-7, 49-8; H, 4-5, 5-0; 
N, 21:2. C,,H,,.0,N, requires C, 50-0; H, 4:55; N, 21:2%). 

Fraction B separated from chloroform—petroleum (b. p. 60—80°) 
in large colourless plates, m. p. 60°, b. p. 138°/16 mm. (Found : 
C, 54:5; H, 9-0. C,H,,0, requires C, 54:5; H, 90%). These 
data agree with a compound in which the ketone (1 mol.) has 
condensed with formaldehyde (2 mols.), namely, y-keto-8-hydroxy- 
methyl-B-methylbutyl alcohol, COMe*CMe(CH,°OH),, a substance 
very soluble in water, alcohol, ketones, benzene or chloroform but 
dissolving only slightly in light petroleum; it was characterised by 
the following derivatives: the dibenzoate, 

COMe-CMe(CH,*0-CO-C,H;), 
(prepared by the pyridine and Schotten—Baumann methods), 
colourless needles, m. p. 78—79°, from petroleum (b. p. 60—80°) 
(Found: C, 70-5; H,5-7. C,,H,,.0; requires C, 70-6 ;, H, 5-9%); the 
di-p-nitrobenzoate, very pale straw-coloured needles, m. p. 177—178°, 
from alcohol—acetone (Found : C, 56-4; H, 4:2; N, 6-4. C..H,,0.N, 
requires C, 55°38; H, 4:2; N, 65%); the diacetate, a colourless 
liquid, b. p. 140—145°/10 mm. and 166—168°/30 mm. (Found : 
C, 55-8; H, 7-4. C,)H,,0, requires C, 55-6; H, 7-4%), and its 
semicarbazone, stout colourless prisms, m. p. 132-5°, from benzene 
(Found: C, 48-4; H, 6-8; N, 15-7. C,,H,,0;N, requires C, 48-4; 
H, 695; N, 15:4%); and 6-phenyl-3-hydroxymethyl-3-methyl- 
tetrahydro-y-pyrone (II), which was obtained in flat colourless 
needles, m. p. 103°, by shaking the keto-glycol and benzaldehyde 
(1 mol.) with concentrated hydrochloric acid and crystallising the 
solid produced from petroleum (b. p. 60—-80°) (Found: C, 70-8; 
H,7-3. C,,H,,0, requires C, 70-9; H, 7:3%). The last compound 
only slowly absorbed bromine with evolution of hydrogen bromide 
and production of a viscous uncrystallisable oil. 

Fraction C was accumulated from successive condensations and 
redistilled into narrower fractions consisting of brownish viscid oils 
which had carbon contents higher than those of simple products 
arising from condensations of formaldehyde and ketone in molecular 
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proportion. Elimination of the elements of water intramolecularly 
would yield more volatile materials. 


B, p./22 mm......s05-+0+0 150—180° 180—200°  200—210°  210—240° 
Statics dein eka conch 58-6 60°55 60-8 66-8 
WS ih. ces as 8-5 8-7 8-0 8°3 


These results accord best with intermolecular condensation and 
the products are regarded as resin intermediates, since they are 
convertible into resins by heating with excess of alcoholic sodium 
hydroxide. 

III. Diethyl Ketone Condensations.—Since diethyl ketone is not 
miscible with aqueous formaldehyde, it was necessary to add 
alcohol to secure a uniform reaction. Comparative experiments in 
alcohol with the lower ketones showed that in those cases the course 
of the reaction was unchanged. 

Diethyl ketone (50 g.), 40% aqueous formaldehyde (75 g.), 
2N-sodium hydroxide (15 c.c.), and methyl alcohol (12 c.c.) were 
warmed for 30 minutes; the initial reaction was exothermic. 
Distillation of the resulting solution yielded the following fractions : 
(A) b. p. 92—94°/10 mm., (B) b. p. 140—150°/10 mm., and (C) b. p. 
160—200°/10 mm. 

Fraction A was_ identified as y-keto-B-methyl-n-amyl alcohol, 
CH,Me-CO-CHMe:’CH,°OH, a limpid colourless liquid, b. p. 
191—192°/760 mm. (Found: C, 62:2; H, 10-1. C,H,,0, requires 
C, 62-1; H, 10-3%), and was characterised by the following deriv- 
atives: the p-nitrobenzoate, pale yellow needles, m. p. 50—51°, from 
methyl alcohol (Found: C, 59-1; H, 5-95; N, 54. C,,H,,0,N 
requires C, 58:9; H, 5-7; N, 53%); and 1-(2’ : 4’-dinitrophenyl)- 
4-methyl-3-ethyl-4 : 5-dihydropyrazole (1; R = Et), red plates, m. p. 
149—150°, from petroleum (b. p. 60—80°) or ethyl acetate (Found : 
©, 51-9; H, 5:2. C,,H,,0,N, requires C, 51-8; H, 5-0%). 

Fraction B, although only an impure +y-keto-$-hydroxymethyl-6- 
methyl-n-amyl alcohol (Found : C, 58-4; H,9°5. C,H,,0, requires C, 
57-5; H,9-4%), nevertheless gave the following crystalline derivatives 
of that compound: (1) thedi-p-nitrobenzoate crystallised from acetone- 
alcohol in almost white needles, m. p. 147—148° (Found: C, 57-2; 
H, 4:7; N, 6-2. ©,,H,,0,N, requires C, 56-8; H, 4-5; N, 6-2%). (2) 
2: 4-Dinitrophenylhydrazine gave a small yield (20% by weight) 
of a material crystallising from methyl alcohol in reddish-brown 
flakes very similar to shellac, m. p. 123—124°. The following 
analyses pointed to a compound into which two substituted hydr- 
azines had condensed and its constitution is suggested tentatively by 
formula (III), that is, 3-acetyl-1-(2’ : 4’-dinitrophenyl)-4-hydroxymethyl- 
4-methyl-4 : 5-dihydropyrazole-2”' ; 4'’-dinitrophenylhydrazone (Found: 
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C, 45°7, 45-6; H, 3-9, 4:0; N, 22-6, 22-4. C,.H,;,O,N, requires 
C, 45-4; H, 3-6; N, 22-3%). 

Fraction C gradually deposited a solid, which crystallised from 
chloroform in colourless hard prisms, m. p. 91°, and was identified 
as +y-keto-83-bishydroxymethyl-8-methyl-n-amyl alcohol (+y-keto-BB8- 
trishydroxymethyl-n-pentane), | CHMe(CH,*OH)-CO-CMe(CH,°OH), 
(Found : C, 54-7; H,9-2. C,H,,0, requires C, 54-5; H,9-1%).. It 
was very readily soluble in water and the lower alcohols and was 
characterised by the following derivatives : the tribenzoate, colourless 
needles, m. p. 79—80°, from methyl alcohol (Found: C, 71-0; 
H, 5-9. C,,H,,.0, requires C, 71:3; H, 5:7%), and the tri-p-nitro- 
benzoate, small, pale yeilow prisms, m. p. 147—148°, from acetone— 
alcohol (Found: C, 56-1; H, 4:3; N, 6-9. C,).H,,0,,N, requires 
C, 55:9; H, 4-0; N, 6-7%). 

CHEMICAL RESEARCH LABORATORY, 
, TEDDINGTON, MIDDLESEX. [ Received, January 25th, 1932.] 





400. The Parachor of Rhenium. 


By H. V. A. Briscoz, Percy L. Rosrnson, 
and ALFRED J. RUDGE. 


No surface-tension and density data are available from which the 
parachor of rhenium can be deduced. The attempt now recorded 
to obtain such data gives an approximate value for the parachor, but, 
for the reasons stated below, no claim to finality is made, nor will any 
be possible until appropriate data for compounds other than those 
employed here are forthcoming. 

The present work started with rhenium dioxytrichloride (Briscoe, 
Robinson, and Rudge, this vol., p. 1104); this was followed by 
determinations first on rhenium heptoxide and latterly on the tri- 
oxymonochloride just discovered by Brukl and Ziegler (Ber., 1932, 
65, 916). Of these preparations, by far the most suitable is the last, 
which is a colourless mobile liquid at the ordinary temperature and 
is readily purified by distillation. Rhenium heptoxide may be 
prepared in a state of high purity, but the working temperatures 
(above 280°) render the results liable to error. Both of these liquids 
“wet” glass and their menisci seem to move moderately freely, 
whereas the dioxytrichloride shows a decided tendency to stick in 
capillary tubes. For these reasons we attach most value to the 
results obtained with rhenium trioxymonochloride. 


EXPERIMENTAL. 
Determination of Surface Tension and Density —Rheniwm dioxytrichloride, 
Re0,Cl,. Re (1-5 g.) was ignited in a mixture of air, about 75%, and Cl at 
4Rr2 
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A (Fig. 1), and the volatile products were condensed in B. The apparatus 
was sealed at H and evacuated at A; the material was then distilled suc. 
cessively from C to D, E, and F. The preparative train was removed by 
sealing at J, and the rest of the apparatus placed in a thermostat. The m, p. 
of the product was 23-4°. The surface tension was measured by observing 
with a cathetometer reading to 0-02 mm. the difference in height of the liquid 
in two capillaries of different and known radii mounted in fF; the measure. 
ments were made at a series of temps., and due regard was paid to the use of 
falling menisci. Afterwards a suitable amount of the liquid was transferred 
to the density bulb, which was sealed off at G. Measurements of the height 
of the liquid in the stem of the density bulb were made at various temps., 
and, subsequent to calibration of vol. by means of H,O, these were used to 
ascertain the density over the temp. range. The surface tensions, densities, 































and derived parachors are in Table I. In calculating the parachor of Re, 
besides those for O (2 x 20) and Cl (3 x 54-2), allowance has been made for 
2 singlet linkages (— 24-8) and for 2 semipolar double bonds (— 3-2). 


TaB_eE [. 
Temp. d,. y, dynes/cm. ZP. Parachor of Re. 
43° 3-336 46-37 254-3 79°7 
44 3-333 45-74 252-2 77-6 
44 3-333 46-34 254-5 79-9 
47 3-325 46-02 254-6 80-0 
51 3-314 43-32 253-0 78-4 
59 3-292 42-64 262-3 77-7 


Mean 78-9 


Rhenium heptoxide, Re,O;. An apparatus similar in form but without bulbs 
enabled Re to be converted by means of pure dry O into Re,O,, which was 
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eventually sealed up in a vacuum. The residual portion of the apparatus, 
after removal of the parts used for the prepn., was completely submerged in a 
molten salt bath (KNO, 60%, NaNO, 40%) contained in a well-lagged beaker 
provided with an observation window, the salt being well stirred and main- 
tained at the required temp. by means of a gas heater. The temp. was 
observed by means of a chromel—eureka thermocouple used in conjunction 
with a potentiometer reading to 0-01 mv. The density was determined 
precisely as described above, a number of observations being made because 
the parachor is much more affected by the value for the density than by that 
for the surface tension. The capillary rise was measured at 331°. Values 
for the density at 331° were found by extrapolation from the various observ- 
ations, and these, together with the surface tension calc. at 331° and the 
parachors calc. therefrom, are in Table II. In calculating the parachor of Re, 
allowance was made for O (7 x 20) and 6 semipolar double bonds (— 9-6). 


TaBLeE II. 


Prepin. 1 : ane 4-458; a 4-439; ase” 4-380; whence 33" 4-371. 

Preptn. 2 : ase" 4-309; a" 4-271; al 4:234; asst 4-198; whence asyi* 4°373. 

Prepin. 3: Gh" 4-322; dis 4-271; ds" 4-250; asx 4-234; die" 4-193; ays 
4-170; aii" 4-163; whence asst" 4-198. 

Prepin. 4: ans" 4-432; a2" 4-361; ae 4-287; whence a 4-262. 


Ys31°> Parachor Ys1°> Parachor 
Preptn. dynes/em. ZP. of Re. Preptn. dynes/em. ZP, of Re, 
‘1 32-77 265-0 67-3 3 31-47 273-1 71-4 
2 2-78 264-8 67-2 4 31-96 270-0 69-8 
Mean 68-9 


Rhenium trioxymonochloride, ReO,Cl. This compound (Brukl and Ziegler, 
loc. cit.) was prepared in the apparatus (Fig. 2) by heating about 3 g. of metallic 
Re at A alternately in O and in Cl in such a manner that a small quantity of 
Re,O, was driven into C, and there subsequently mixed with a deficiency of 
ReO,Cl. This mixture was then heated and distilled from bulb to bulb until 
it was eventually collected at C,. This process was repeated until all the metal 
had been converted and transferred to C,. As this, in common with the 
other compounds employed in this research, is hygroscopic and decomp. by 
H,0, the apparatus was previously carefully dried, and the gases employed 
were passed over P,O, before entering the apparatus. In spite of all pre- 
cautions, slight reduction to a blue compound took place in the course of the 
prepn., and as this tended to be distributed over the walls of the apparatus, 
thereby fouling the surface-tension tubes, a ‘ special’ joint was introduced 
at X. After the preparative work was completed, the apparatus was sealed 
at G, evacuated at A, and sealed at B; then the portion beyond the ‘ special ’ 
joint was evacuated and sealed at L. The seal between the two portions was 
broken, and the compound distilled into J by immersing that vessel in a solid 
CO,-EtOH freezing mixture. The product was a colourless liquid, and the 
walls of the density-surface tension vessel were free from stain. After sealing 
at M, measurements were taken from which the results in Table III are 
derived. In calculating the parachor of Re, allowance was made for O 
(3 x 20), Cl (54-2), and 3 semipolar double bonds (— 4-8). 
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TasBieE III. 

Prep. No. Temp. dy. y, dynes/cm. LF. Parachor of Re. 
1 19° 3°834 49-04 186-4 77-0 
2 16 3-878 51-23 186-0 76-6 
2 20 3-867 50-28 185-6 76-2 
2 29 3°826 48-44 185-8 76°4 
2 34 3-819 47-58 185-4 76-0 
2 36 3-800 46-96 185-7 76:3 
2 37 3-781 46-22 185-9 76°5 

Mean 76-4 
Discussion. 


The mean values for the parachor of rhenium derived from the 
above compounds, viz., 

CMBGUIAG, ccc ccesccszesccsnces ReO,Cl, Re,O,; ReO,Cl 
Parachor of Re .......++++- 78:9 68-9 76-4 
show a reasonable agreement between the values derived from 
these two oxychlorides and a lower result from the oxide. Most 
significance is attached to the parachor from the trioxychloride. 
The maximum result, 78-9, is of the order anticipated from the 
values ascribed to tungsten (90) and osmium (75) (Sugden, “ The 
Parachor and Valency,”’ p. 189) : the mean, 74-6, is decidedly lower 
than this, but admittedly the values for tungsten and osmium are 

very rough. 


Acknowledgment is made of a grant from the Research Committee of this 
College for the purchase of rhenium. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, August 12th, 1932.] 





401. Studies in the Mechanism of Flame Movement. 
Part II. The Fundamental Speed of Flame wm 
Mixtures of Methane and Air. 


By H. F. Cowarp and F. J. Hartwett. 


THE movement of flame in a gaseous explosion may be resolved 
into (i) the transmission of the zone of chemical reaction from 
layer to layer of the medium, and (ii) the mass movement of the 
medium itself at the flame front. Except, perhaps, during deton- 
ation, the latter component is almost always prominent, for over 
the whole period of inflammation the products of combustion 
create currents by their expansion during formation and by con- 
vection after formation. Hence the movement of flame into 4 
medium free from mass movements is not, as a rule, directly observ- 
able. We are now able to show, however, that the speed of flame 
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moving into a stationary mixture (the expansion and consequent 
movement of gas occurring behind the flame front) may be deduced 
from observations on the movement of flame in tubes. 

In the early stages of a methane-air explosion started at the 
open end of a tube, closed at the far end, there is a phase of uniform 
movement during which, as our many photographs show, the shape 
and the size of the flame are constant. As the mixture ahead of 
the flame is at constant temperature and pressure, the volume of 
gas burnt by the flame in passing from one position to another is 
easily calculated. A series of snap-shot photographs of flame in 
uniform movement, taken on the same plate at known intervals of 
time, enabled the amount of gas burnt in unit time and the area 
of the flame to be calculated. The ratio between these quantities 
proves to be constant for any one mixture of methane and air. 


EXPERIMENTAL. 

Fig. 1 shows successive positions of the flame, at intervals of 0-036 sec., 
when a 10% CH,-air mixture (dried by CaCl,) was ignited at the open end 
of a tube, 2-5 cm. in diam. The flame was at first almost hemispherical and 
symmetrical about the axis of the tube, but, under the influence of convec- 
tion, became tilted forward until it assumed a stable form, reproduced while 
it remained within the field of view of the camera. Its speed was then const., 
71-5 cm./sec., in the direction of the axis of the tube, and it consumed 351 c.c. 
of the mixture per sec. at room temp. and press. 

The area of the flame surface during the uniform movement was calc. on 
the assumption that it was approx. equal to that of a semi-ellipsoid, the axes 
of which were equal to (1) a line joining the points where the flame touched 
the top and bottom of the tube, (2) twice the perpendicular distance between 
that line and the point most remote from it on the photograph of the flame 
front, and (3) the diameter of the tube. 

The area of the half-surface of the ellipsoid was calc. by the following 
formula, which was derived from the integral form given by Jeilett 
(Williamson, “ Integral Calculus,” 1891, p. 283) : 


nb(a? — c*)* , E(k.) + mbc%(a* — c%)-t . P(k,h) + me? 


where a, b, c, are the semi-axes, a>b>c; k= e’/e; ri) = sine; e and e’ are 
the eccentricities of the ellipses in the plane of the axes a and c, and b and c, 
respectively. The values of E(k,d) and F(k,d), the elliptic functions of the 
second and first kind respectively, are obtained from standard mathematical 
tables. (This formula was generally used for subsequent calculations, but 
simpler formule were used when, as often observed in vertical propagation, 
the flame surface was symmetrical about the axis of the tube.) 

The area thus calculated from measurements on Fig. 1 was 12-56 sq. cm. 
Hence the vol. of gas burnt per sec. per sq. cm. of flame surface was 351 /12-56= 
27-9 c.c. Similar determinations for the same mixture contained in tubes of 
two and four times the diam. (Figs. 2 and 3) gave approx. the same figure 
for the vol. of gas burnt per sec. per sq. em. of flame surface, whereas the 
axial speeds in the three tubes were 71-5, 92, and 111 cm./sec. respectively, 
and the areas of the flames were 12-6, 66, and 300 sq. cm. As the ratios of 
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wall surface to volume, for the three tubes, were as 4: 2: 1 respectively, i 
would appear that the flame itself was not sensibly cooled by the walls of th 
tube. 
Further confirmation of the constancy of the ratio, R = vol. burnt pe 
sec./area of flame, was obtained from Figs. 1—3. Shortly after ignition, and 
before the uniform movement was established, two successive flames can bé 
chosen of nearly equal area. The distance between them is less than that 
during the uniform movement and their areas are less, but the ratio (seg 
Table I) calc, for this “ initial stage” is the same as that for the uniform 
movement (U.M. in table). Even more striking are the results calc. from 
Fig. 4, the record of an expt. in which the mixture was ignited low down at 
the open end of the 2-5-cm. tube. The flame was at first tilted back, “‘ Ini 
(i) ’ in the table, then became upright (almost hemispherical), ‘‘ Initial (ii)”) 
but the ratio remained constant. 
A critical test of the constancy of the ratio R was provided by observatior 
in a vertical tube, with propagation of flame upwards or downwards (Fig 
5—8). In either direction it was possible to obtain either a symmetrical j 
(Figs. 5 and 7) or an unsymmetrical flame (Figs. 6 and 8) of greater area and 
speed, but the vol. burnt per sec. per sq. cm. of flame surface was in each) 
instance the same as for horizontal propagation, within the limits of experi 
mental error (Table J). 


TABLE I. 
10% Methane-air mixture. 


(U.M. = Uniform movement.) 


Direction and stage of Axial speed Area of 
propagation of flame. of flame, flame, 
ft ab eee cm. /sec. sq. cm. 


Horizontal U.M. 111 300 
Initial 71 189 
U.M. 92 66 
Initial 61-5 48-5 
U.M. 71-5 12-6 
Initial (i) 63 11-0 
Initial (ii) 59 10-4 
Symm. 68 48 
Unsymm. 92-5 66-5 
Symm. 61 46 
Unsymm. 85 63-5 


Orr rr BO tS ty Or Gr 
or orc 


Mean 27 


In all the expts. recorded in Table I, the value of the ratio lies betw 
25 and 29 cm./sec. for a very wide range in the variables. Closer agreement 
is. not to be expected, in view of the possible errors in the method of measuring 
the areas of the flames, 

Flame areas of the 10% CH,-air mixture in wider tubes could not be” 
measured, for, as previously shown (Fig. 6, this vol., p. 1996), the flame-front™ 
was too complex. If, however, it be assumed that the ratio R remains the 
same for wider tubes, then the area can be calc. from the axial speed of flame, 
Thus the area of the complex flame surface in a 24-cm. diam. tube was eale, | 
to be 40—50% greater than the area of the envelope surface, and some 5 times — 
the area of the cross-section of the tube. 
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Upward propajation of flame. 
Fic, 5. 


Downward propagation of flame. 
Fic. 7, Fic. 8. 
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Time-interval between exposures, milli- 
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The Fundamental Speed of Flame. 


The constancy of the ratio R for the 10% CH,-air mixture at const. temp. 
and press. just ahead of the flame shows that each element of the flame surface 
consumes the same amount of mixture in unit time. This might have, and 
indeed has, been accepted without proof, but for a difficulty illustrated by 
Figs. 9and 10. The former shows diagrammatically the successive positions 
of flame in uniform movement along a horizontal tube, and suggests that an 
element E at the nose of the flame-front consumes a greater vol. of mixture 
than an element E’. _ If each element consumes the same amount of mixture, 
the flame-front should take the successive positions shown in Fig. 10, and 
should ultimately become a flat vertical disc. 

The difficulty disappears when it is recognised that convection due to the 
hot products of combustion not only tilts the flame but also causes a con- 
tinued small movement of the gases in the tube in and about the flame: 
forward in the upper part of a horizontal tube, backward in the lower part. 
This effect is inevitable, and was made visible by charging the mixture with 
smoke just before an experiment. During the uniform movement of flame 
the shape of the flame-front is maintained constant by a balance between the 
two effects: (1) the tendency to straighten up, illustrated by Fig. 10, and 
(2) the tendency to tilt forward, due to convection. 


Fia. 9. Fic. 10. 


(2 a T T eee i / 


It is concluded, therefore, that the ratio R is the linear speed of flame, in 
a direction normal to its surface, through a gaseous mixture at rest and at 
const. temp. and press. just ahead of the flame. We suggest that this be 
described as the “‘ fundamental speed of flame,”’ for there are objections to 
the terms ‘‘ normal speed” (Le Chatelier), “ignition speed’ (‘‘ Entziin- 
dungsgeschwindigkeit ’’; Bunte et al.), and “ absolute speed” (this vol., 
p. 1996), each of which has been used with the same meaning. 

Measurements of the Fundamental Speed of Flame in the Range of Explosive 
Mixtures of Methane and Air.—The foregoing results were obtained with the 
fastest-burning mixture of CH, and air(10%). The flames of the slow-burning 
limit mixtures are low in actinic value, but fairly good photographs were 
ultimately obtained on Ilford “ Golden Iso-Zenith” plates (H. & D. 1400), 
developed in complete darkness with a strongly alkaline developer to a point 
just short of fogging. The “‘ fundamental speeds” deduced for two of the 
slowest-burning mixtures are given in Table II. For each mixture the speeds 
lie between about 6 and 8 cm./sec., which may be regarded as satisfactory in 
view of the wide range of the variables and the photographic difficulties. 
The result is lower than the former estimate, 10 cm./sec. (this vol., p. 1996), 
which, being based on the appearance of the flame, is less reliable than the 
present determinations. 

Table III gives the measurements and the deduced fundamental speeds of 
flame for the whole range of inflammable mixtures of CH, and air. The 
expts: for this series were limited to horizontal propagation in a tube of 
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TaBceE II. 
Slow-burning mixtures. 


(Tube diameter = 5-0 cm.) 


Directn. of Axial speed Area of ** Fundamental 

propagn. of of flame, flame-front, speed,” 

CH,, %. flame. em./sec. em.?. em. /sec. 
5-98 Upward 28-2 69-8 7-9 
5-97 Horizontal 36-7 114-8 6-3 
5-98 Downward 9-2 24-2 7:4 
13-54 Upward 27-3 67-3” 7-9 
13-54 Horizontal 29-6 99-3 5-8 
13-54 Downward 9-1 24-9 7:2 


5-cm. diam., but a priori the “ fundamental speeds ”’ are independent of the 
direction of propagation and of the diameter of tube. 


TaBe III. 
Fundamental speeds of flame in methane-air mixtures. 
A.S.F.,* A.F.-F.,* F.S.,* ABS ., AF .-¥.,... BS, 
CH,, %. em./sec. sq.cm. em./sec. CH,, %. cm./sec. sq.cm. em./sec. 

5°89 35-3 117-5 5-9 9-95 95-6 70-4 26-7 
5-97 36-7 114-8 6-3 10-00 91-8 66-2 27-2 
6°55 43-4 81-4 10°5 10-27 94-0 68-9 26-8 
6°71 48-1 85-2 11-1 10-68 87:8 69-2 24-9 
6°80 47-9 86-9 10-8 10°95 81-9 68-0 23-6 
7:77 65-5 70-0 18-4 11-27 75-2 65°4 22-6 
8-53 79:1 68-9 22-6 11-77 60-9 62-3 19-2 
8-61 84:3 66-6 24-9 12-32 48-9 67-2 14:3 
9-23 87-0 69-1 24-7 12-64 39-7 71-2 10-9 
9-31 91- 65°6 27-2 12-92 35-9 77-2 9-1 
9-61 92-9 68-0 26-9 13-54 29-6 99-3 5-8 


* A.S.F. = Axial speed of flame; A.F.-F. = area of flame-front; F.S. = 
fundamental speed.” 


‘ 


Fig. 11 shows that, although the fundamental speeds of flame for this 
series of mixtures are smaller than the speeds of propagation along tubes, 
the curve is similar to those for tubes (this vol., p. 1996). It has a flat max. 
at about 9-5—10% CH,, the mixture for complete combustion containing 
9-46% CH,. The least speed at which the slowest-burning mixtures can 
propagate flame from layer to layer is about 6 cm./sec. 

The left limb of the curve is apparently a straight line nearly as far as the 
mixture for complete combustion. It shows that the speed of flame, in 
mixtures containing excess of air, is not proportional to the CH, content of 
the mixture or to the heat produced on combustion; but is proportional to 
the excess of CH, above about 5%, and is therefore proportional to t — ¢, 
where ¢ is the temp. of the products of combustion and ¢ is a const. which 
may be the instantaneous ignition temp. in the conditions of the expts. (Le 
Chatelier). 


Gouy’s Method of determining the Fundamental Speed of Flame by Observations 
on the Inner Cone of the Bunsen Burner. 


Hitherto only one method has been applied, with any success, to determine 
the fundamental speed of flame. Gouy (Ann. Chim. Phys., 1879, 18, 5) 
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argued that the speed, V, of a flame, normal to its surface and relative to the 
gaseous mixture in which it was propagated, could be calculated from the 
speed of flow of the mixture and the dimensions of the inner cone of a Bunsen 
burner. When the cone is stationary, the speed V at any point is equal to 
the normal component to the surface of the speed v of the gas striking it at 
an angle a, so that V = vsina; and furthermore, V is equal to the total 
vol. of gas issuing from the tube in unit time, divided by the area of the 
cone. Michelson (Ann. Phys. Chem., 1889, 37, 1), Mache (Sitz. Akad. Wiss. 
Wien, 1904, 118, 341), Bunte e¢ al. (J. Gasbel., 1913, 56, 1225; 1914, 57, 733; 
1916, 59, 49; 1928, 71, 673; 1930, 73, 837), Passauer (ibid., 1930, 73, 313), 


Fic. 11. 


Fundamental speeds of flame in methane-air mixtures. 
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and Corsiglia (Amer. Gas Assoc. Monthly, 1931, 18, 437) have discussed and 
somewhat elaborated Gouy’s argument, but have retained his conclusions. 
The various results obtained for CH,-air mixtures by this means are shown 
in Fig. 12, for comparison with Fig. 11. The considerable differences between 
the curves of Fig. 12 are obviously not due solely to differences in the comp. 
of the “methane” used. Without attempting to discover the errors of 
experiment or interpretation which give rise to such differences, we may 
make a rough comparison between the results of Fig. 12 and those of Fig. 11, 
as follows. (1) The speed of the fastest-burning mixture is variously given 
between 26 and 37 cm./sec. by the Gouy method; 27 em./sec. by our method. 
(2) The composition of the fastest-burning mixture is 10—10-5% CH, (Gouy), 
which is somewhat higher than our figure. (3) The left limbs of the curves 
end abruptly at some mixture much above the lower limit. (4) The right 
limbs of four curves are extended beyond the higher limit of inflammability. 
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Those who have used the Gouy method are well aware of an imperfection 
which explains (3) and (4) above, viz., the impossibility of avoiding the entry 
of some of the external atmosphere at the base of the flame cone. In conse- 
quence of this it has been found impossible to maintain a flame on a Bunsen 
burner fed with mixtures containing less than about 7:3% of CH,, even with 
an unusually wide burner; and mixtures which in themselves are too rich 
to propagate flame become diluted with air and can burn, or, if air is excluded, 
the burner gases take in some of the products of combustion and the flame 
speeds are too low. The reason for (2) above is also to be found in the entry 
of air at the base of the cone. 
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Michelson (loc. cit.) gave five reasons for not accepting the results of tube 
experiments as capable of giving the fundamental speed of flame. These 
need not be repeated; the method now used counters his difficulties and 
gives results that (1) are of the same order as those obtained by Gouy’s 
method where comparison is possible, (2) are extended to mixtures which 
cannot be examined by Gouy’s method, and (3) are accurately related to the 
composition of the mixture, thereby incidentally avoiding the error of ascribing 
a flame speed to a range of mixtures above the higher limit of inflammability. 


SUMMARY AND DISCUSSION. 


The Fundamental Speed of Flame Propagation.—During the uni- 
form movement of flame in mixtures of methane and air, the volume 
of gas burnt in unit time is proportional to the area of the flame- 
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front. This is true for explosions in tubes of diameter from 2-5 
to 10 cm., and also probably outside these limits; it holds for any 
direction of propagation of flame. The area of the flame-front is 
determined by the diameter of the tube and by convection currents 
set up by the difference in densities between the burnt and unburnt 
gases. The flame is rarely, if ever, a flat disc at right angles to 
the axis of the tube; hence the axial speed of propagation is usually 
much greater than the normal speed of propagation (at right angles 
to the flame-front) of a plane flame-front in a stationary mixture. 
Values for this fundamental constant have, however, been deduced 
(Fig. 11) and are available for a more intimate analysis of the 
physicochemical processes of flame. 

Nature of the Uniform Movement.—The uniform movement of 
flame, established soon after ignition at the open end of a tube 
closed at the other end, is characterised by constant dimensions 
of the flame-front; these are maintained so by a balance between 
the effects of a constant speed of propagation of flame normal 
to the flame-front, and a steady operation of the convection 
effect. 

Relation between T'ube-diameter and Speed of Uniform Movement. 
—The analysis given provides a quantitative proof of the explan- 
ation previously advanced (this vol., p. 1996) for the variation in 
speed of uniform movement of methane-air flames with tube- 
diameter. 

Vibratory Movement of Flame.—The uniform movement develops 
into a vibratory movement as the flame travels. It is not improb- 
able that the volume of gas burnt by unit area of flame in unit 
time is the same in the vibratory phase as in uniform movement ; 
for when the amplitude of the vibrations is small, the flame area 
and its speed are both less than during uniform movement, and 
when the amplitude is large both flame area and mean (algebraic) 
speed are greater. 

T'urbulence.—As the effect of gentle turbulence due to convection 
is to increase the rate of consumption of the mixture solely by 
increasing the area of the flame-front, the effect of violent turbulence, 
as in the cylinder of an internal-combustion engine, is probably due 
entirely to the same cause, as suggested by previous investigators. 

General Aspect.—If the results obtained with methane-air mix- 
tures are representative of non-detonating gaseous explosions in 
general, it follows that the rate at which flame consumes a gaseous 
mixture is directly proportional to (a) the fundamental speed of 
propagation of the flame in that mixture, layer by layer, at the 
temperature and pressure just in front of the flame, and (6) the 
area of the flame-front. These can be determined, for flames of 
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sufficient actinic value, from measurements of snap-shot photographs 
of flame during the phase of uniform movement. 


The authors thank the Safety in Mines Research Board for permission to 
publish this communication. 
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402. Ionic Interchange in Sulphur Sols. The Lyo- 
tropic Series and the Mechanism of Coagulation. 


By Tuomas R. Botam and GEoRGE BowDEnN. 


A survey of the data for the coagulation of inorganic sols by 
electrolytes shows that the occurrence of the lyotropic sequence of 
the alkali-metal kations, first clearly established by Pappada 
(Gazzetta, 1903, 33, [ii], 272), is quite general, being confined to no 
particular type of sol. No satisfactory interpretation of the 
phenomenon has yet been advanced, and further correlation between 
the coagulating action of these ions and other effects produced by 
them in the colloidal system is necessary. The following experi- 
ments were designed to ascertain if any definite relationship could 
be found between the extent of adsorption of the ions by the 
colloidal particles and the corresponding influence on the stability 
of the sol. 

According to current conceptions, a negative sol owes its stability 
to the fixation of negative ions on the surface of the particles, which 
attract an equivalent amount of positive ions to form an outer 
layer or sheath. When a salt is added to the sol, adsorption of the 
kation may take place in a double fashion : (i) kations of the added 
salt may replace those of the stabilising electrolyte (‘‘ ionic inter- 
change ”’ or “ base-exchange ’’); (ii) anions of the added salt may 
become attached to the surface of the particles, taking with them 
an equivalent amount of kation (‘‘ adsorption of total salt”). The 
present investigation deals primarily with ionic interchange in 
Odén sulphur sols stabilised by a polythionic acid (replaceable 
ion = H’). Adsorption of total salt is shown to exist, but under 
the given conditions, this appears to introduce practically no 
complications. 

These sulphur sols provide particularly suitable material for our 
purpose: (1) they may be prepared with a large active surface of 
sulphur, so that adsorption measurements are reasonably accurate ; 
(2) as has been shown by Odén (Nova Acta Upsala, 1913, iv, 3, 156), 
Freundlich and Scholz (Koll.-Chem. Beih., 1922, 16, 234), Weiser 











hs 


)- 


Vv 
of 
a 


ie 


's 8 


Ss Oo ue 


_— = FF SS “= 








IONIC INTERCHANGE IN SULPHUR SOLS. 2685 


and Cunningham (“Colloid Symp. Monograph,” 1928, 6, 319), 
Dorfman (Kolloid-Z., 1928, 46, 186), and Bassett and Durrant (J., 
1931, 2946), their lyotropic effect is very pronounced ; (3) according 
to the last authors, there is no tendency for the anion of the added 
salt to replace the stabilising anion at the surface of the sulphur. 


EXPERIMENTAL. 


Preparation and Characteristics of Sols.—Colloidal S was obtained by the 
interaction of Na,S,0, with H,SO,. In order to favour the formation of 
peptisable 8S, only small quantities of the reactants were employed in each 
operation, the following procedure being uniformly adopted. 25 C.c. of conc. 
H,SO, were slowly run into 100 c.c. of sat. Na,S,O, aq., the mixture being 
vigorously stirred and maintained at 30°. Immediately after the addition of 
the acid, the mixture was cooled in ice and 100 ¢.c. of sat. NaCl aq. added. 
The resulting coagulum was collected by means of the centrifuge, and heated 
to 80° with 100 c.c. of H,O. Coagulation and redispersion were then repeated 
until the supernatant liquid after coagulation was neutral to litmus. The 
final dispersion was freed from coarse 8 by centrifuging for } hr. at 9000 r.p.m. 

Sufficient material for a complete series of experiments having been thus 
prep., the whole was mixed and freed from NaCl by repeated coagulation with 
conc. HCl. The sol was then dialysed for 6 weeks in collodion bags suspended 
in running water, and finally stored in the dark in a Jena-glass bottle. 

The sols were free from salts, since they imparted no colour to the flame and 
yielded the merest trace of residue on evaporation and gentle ignition. On the 
other hand, they contained appreciable amounts of acid, the bulk of which 
was associated with the 8S particles. No attempt was made to ascertain by 
direct analytical means the proportion of HCl present, but we have good 
reason to regard it as negligible. No adsorption of added HCl by the S could 
be detected when the acid was present in 0-01M-concn., though considerable 
adsorption was observed at 0-05M (cf. Rindé, Phil. Mag., 1926, 1, 44). Since 
the acidity of the intermicellar liquid of the sol itseif was always much less than 
0-01M (Table I), it follows that the adsorbed acid was some other than HCl. 
In the light of the researches of Freundlich and Scholz and of Bassett and 
Durrant (loc. cit.), it appears certain that the only electrolytes retained by the 
sols after dialysis consisted of pentathionic and, probably, hexathionic acid. 

During dialysis, considerable quantities of coarse cryst. S were deposited 
by the sols, but filtration of the end-product gave clear sols in which any 
tendency to spontaneous change was of minor importance. 

The 8 content of the sols was determined as follows. A weighed portion 
of sol was placed in an open crucible on the steam-bath for 30 mins., and 
then kept at 120° in an air-oven until the S melted, the latter operation being 
repeated till constant weight was attained. Loss of S was negligible under 
these conditions. 

Table I shows that the three sols employed in the present investigation 
were comparable. 

Reagents.—With the exception of the Li salts, A.R. reagents were used 
throughout. Two samples of LiCl were employed, the one as purchased, 
the other after purification; these gave identical results. All solutions were 
made up with H,O of x = 1-1 x 10-* mho, and stored in Jena-glass bottles. 
The conens. of the chloride solutions used in the determination of total salt 
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TaB_eE I. 
After dilution with equal vol. of H,0, 





[H"] in intermicellar § Micromols. of ad- 


Sol. 8, g./100 c.c. sol. liquid. sorbed H’ per g. 8. 
A 3:146 0-00145 612 
B 3-292 0-00075 407 
c* 3-830 0-00043 555 


* Sol C was concentrated to approx. the same strength as Sols A and B by 
evaporation at 50°. 


adsorption were checked by means of conductivity measurements, use being 
made of appropriate data from the International Critical Tables (VI, 236). 

Determination of Liberated Hydrogen 

Ion.—The procedure consisted in (1) 

the mixing of equal vols. of sol and 

salt solution of known comp., (2) the 

ultrafiltration of the mixture, and (3) 

| the determination of the acid content 

of the ultrafiltrate by means of the 

quinhydrone electrode. Where total 

coagulation occurred and the S settled 

adh rapidly, the #.M.F’, measurement was 


Fic. 1. 














SN carried out with the supernatant 
liquid. In order to economise the 
sols, only ca. 2 c.c. were used for each 
experiment, being measured by a 
pipette, The constancy in delivery 

i 7 of the latter was carefully checked, 

and the vol. was always within 1:5% 

of a mean value of 2-017 c.c. 

An ultrafilter was devised to deal 
with the small quantities of liquid 
involved (see Fig. 1). A square 

\ (area = 100 sq. cm.) of dry cellophane 

n (C) (Plain Colourless No. 300, obtained 
from The Cellophane Company Ltd.) 
was folded over the end of the glass 
tube K (internal diam. =1 cm.; 
capacity = 5 c.c.) and bound to it by 
linen thread (Z), which was brought to 
within 1-5 cm. from the end of the 
tube. In order to prevent rupture of 

ar the membrane on application of pres- 
dyes sure, it was enclosed in the Pt gauze 

= =J a oats support B, firmly fixed to K by the 
brass band and bolt D. The gauze 
was of such a size and shape that it supported the whole surface of the 
distended cellophane. It was essential to weld the strands of the gauze 
together, for otherwise they became displaced under pressure and afforded 
insufficient support for the membrane. Before use, the gauze was always 
thoroughly washed with distilled H,O and heated in the flame of a Méker burner. 
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The liquid to be ultrafiltered was placed in K, and the latter connected to 
the pressure apparatus (Fig. 2) by a ground-glass joint, which was held tight 
by a clamp consisting of brass strips (R) drawn together by screw bolts (M). 
Fracture of the glass bearing surfaces was avoided by the insertion of rubber 
washers (H). Connexion was made with the atm. or the pressure apparatus 
through the three-way tap O, which permitted removal of the filter without 
lowering the pressure in other parts of the apparatus. By means of this 
system, several filtrations could be carried out simultaneously and independ- 
ently. All taps were held in position by the spring action of a brass strip 
(N) controlled by screw-clips (P). 


Fia. 2. 
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The press. necessary to force liquid through the membrane was produced 
by means of the apparatus depicted in Fig. 2, which comprised the Hg reservoir 
C, running in an upright rail, the flask Z, and the glass coil D, connected 
together and with the filters by pressure tubing. Air was drawn into the 
apparatus by closing the three-way taps, opening taps A and B, and lowering 
C. On closing A and raising C, the enclosed air was compressed to about 
2atm. Tap B was kept closed during filtration except for a periodical opening 
to compensate for loss of press. due to decrease in the vol. of the liquid in the 
filters. 

The ultrafiltrates were collected in small glass-stoppered tubes (A in Fig.1). 
The duration of the filtration was uniformly 4 hrs. Although the filter and re- 
ceiver were enclosed by a glass tube (G in Fig. 1), appreciable evaporation 
occurred: measurements of the conductivity of pure salt solutions which 
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had been filtered showed a consequent increase in concn. of 6-33%, and this 
figure was applied as a correction throughout. As there was a possibility of 
adsorption of acid by the cellophane at the commencement of the filtration, 
the first two drops of filtrate were always discarded. A series of tests indicated 
that this was sufficient precaution. All the filtrates were perfectly clear and 
colourless to the eye. 

Determination of the concn. of acid in the filtrates was effected electro- 
metrically by means of the cell 

Hg | Hg,Cl,, KCl; KCl | Filtrate, Quinhydrone | Pt 
(solid) 35M | 3-5M (solid) foil 
The dimensions of the quinhydrone half-cell were such that 0-5 c.c. of filtrate 
sufficed for a measurement. The cell was set up in an electrically controlled 
thermostat maintained at 18° (+ 0-05°). It was ascertained that the 2.M.F. 
reached a steady value in 20 mins. from the immersion of the Pt electrode in 
the sat. quinhydrone solution. From time to time the reliability of the 
HgCl electrode was tested by measurement of the Z.M.F’. of a cell similar 
to the above but with 0-1M-HCl in place of the filtrate. The values observed 
in no case differed from 0-3872 volt by more than 0-1 mv., which represented 
the max. error involved in the determination of the null-point. 

The method of calculating the actual values of liberated H’ is illustrated by 
anexample. The filtrate from a mixture of equal vols. of Sol C and 0-10M-KCI 
gave an E.M.F. of 0:3330 volt; this filtrate was essentially a solution of 
0-05M-KCl containing a certain amount of HCl due to the replacement in the 
S micelles of H* by K’, together with a very much smaller amount of polythionic 
acid, which, for practical purposes, could be regarded as equiv. to HCl A 
series of #.M.F. determinations with solutions of 0-05M-KCl containing 
known amounts of HCl showed that the value (y) of the antilogarithm of the 
expression — (0-450 — H#)/0-0577, where H = E.M.F., was directly propor- 
tional, over a considerable range, to the concen. (x) of the acid, the mean value 
of x/y being 1-177. 


x X 10°, millimols./l. ... 125 10-0 8-5 7:5 6-0 

FeeR GD 1g VHD veiepidieoseves 0-3371 03315 03272 03243 0-3190 
SG TP dah shel asknunceces 10-64 8-49 716 .. 6°37 5-146 
DY cecrvccrdcheccentocessescese 1-175 1-178 1-186 1-177 1-166 


Now the value of y corresponding to an Z.M.F. of 0-3330 volt is 9-00 x 10°. 
It follows that the concen. of acid in the filtrate was 9-00 x 10° x 1:177 = 
10-59 x 10°°M, and hence, after correction for evaporation, that its concn. 
in the intermicellar liquid was 10-59 x 10°° x 0-94 = 9-95 x 10°°M. Ina 
similar manner, the concn. in the absence of salt, i.e., in the intermicellar 
liquid of a mixture of equal vols. of Sol C and H,O, was found to be 0°43 x 
10-°M (Table I). Hence the increase in concen. of acid due to the addition of 
KCl was (9-95 — 0-43) x 10° = 9-52 x 10°*M, or 9-52 x 10° mol. per ¢.¢, 
Now 100 c.c. of sol and H,O (or salt) mixture contained 3-830/2 = 1-915 g. 
of S (Table I). The density of the latter being taken as 2, the vol. of S in 100 
c.c. of mixture was 1-915/2 = 0-96 ¢.c., and hence the vol. of intermicellar 
liquid was 100 — 0-96 = 99-04 c.c. We have, therefore, that 1-915 g. of 8 
yielded 99-04 x 9-52 x 10°* = 943 x 10°* mol. of acid, i.e., 943/1-915 = 
492 micromols. of H’ per g. of S were replaced by K*. This value is estimated 
to be correct within + 3%. 
Determination of Adsorption of Total Salt.—The procedure was essentially 
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as follows. Equal vols. of Sol B (Table I) and salt solution were mixed and 
ultrafiltered, and about 2 c.c. of the filtrate transferred to a porcelain crucible 
and weighed. The crucible and contents were then heated at 125° for 3 hrs., 
the dry residue dissolved in a weighed amount of H,O (about 10 c.c.), and 
the sp. conductivity of this solution (‘‘ conductivity solution ’’) determined. 
It was ascertained that no loss of salt resulted from heating under the given 
conditions. The object of the heating was to eliminate HCl (produced by 
ionic interchange), and py, determinations carried out on a number of “ con- 
ductivity solutions” showed that only traces of acid (of the order 3-0 x 10-*M) * 
were present. A correction was made for the very small but measurable 
conductivity of that portion of the residue which came from the sol itself. 

The conductivity measurements were made at 18° (-+ 0-02°) by the ordinary 
method. A 3m. bridge was used, and the error in fixing the balance point 
wasabout0-4mm. The cell constant was determined periodically and showed 
no change. 

The relation between the conen. of the “ conductivity solution ” and the 
conductivity was deduced from measurements on solutions containing definite 
amounts of the particular salt. Having obtained the concen. of the “ con- 
ductivity solution,’ the salt content of 1 g. of the filtrate could easily be 
calculated. The method of calculating the final data is illustrated by the 
following, the error in the final result being estimated as + 10%. 1G. of the 
filtrate from a mixture of 2-017 c.c. sol + 2-017 c.c. LiCl aq. contained 46-40 
micromols. of LiCl. Hence, correcting for evaporation, 1 g. of intermicellar 
liquid contained 46-4 x 0-94 = 43-6 micromols. LiCl. Now 2-0439 g. of sol 
and 2-0166 g. of salt solution had been mixed in the first instance, i.e., there 
were 0-066 g. of S and 3-99 g. of intermicellar liquid present. Therefore the 
weight of LiCl in the whole of the intermicellar liquid was 43-6 x 3-99 = 174 
micromols, The concn. of the original salt solution was 0-1014 mol. per 1000 g. 
solution, so the total amount of LiCl in the whole of the mixture was 2-0166 x 
0-1014/1000 = 204 micromols. Thus 204 — 174 = 30 micromols. of Li‘ 
had been taken up by 0-066 g. of 8S, or 455 micromols by 1 g. Determination 
of the acid content of the filtrate by the method previously described showed 
that 340 micromols. of H" had been liberated from 1 g. of 8; hence 1 g. of § 
had adsorbed 340 micromols. of Li’ by interchange with H’, and 455 — 340 = 
115 micromols. of Li’ as LiCl, 7.e., as total salt. 

Observation of Stability.—The sol and salt solution were mixed in a glass- 
stoppered tube and immediately shaken for 5 mins. Before ultrafiltration, 
the mixture was kept for a further 5 mins. and its appearance noted; if it was 
markedly turbid, a second sample was prepared, and examined after standing 
for 24 hrs. This method of estimating the effect of the salt upon the stability 
of the sol was sufficiently exact for the immediate purpose. Since the sols were 
polydisperse, coagulation took place in stages. 


‘ 


Results. 


Tables II—IV contain the final results. In all cases the molar concentration 
of the salt in the sol + salt mixture is shown. The estimated errors in the 
results are given on p. 2688 and above. 





* Similar values were obtained for solutions of comparable strength pre- 
pared by simple dilution of the stock salt solutions. 
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Concn. of salt. 
0-005 
0-050 
0-500 
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TABLE II. 


Sol A + sulphates. 
Micromols. H’ liberated from 1 g. 8S. 


Li,SO,. Na,SO,. K,SO,. 
186 215 260 
535 570 619* 
559 612* 599* 


* Denotes complete coagulation. 


TaBie ITI. 
Sol C + chlorides. 


H’ liberated, 


micromols. 
Salt, and concn. per g. of 8. Observations on stability of system. 
LiCl 0-005 161 No change. 

0-050 390 ie 

0-150 431 = 

0-250 482 Very faint turbidity; just perceptible. 

0-500 488 Decided turbidity, followed by settling of small 
amount §S, leaving strong clear sol. 

0-541 482 ” ” ” 9 ” 

1-082 502 Increased turbidity and settling, leaving weak 
clear sol. 

2-164 537 ” ” ” ” 9 

4-000 550 Complete coagulation. 

KCl 0-005 206 No change. 

0-025 435 pe 

0-0375 497 Very faint turbidity; just perceptible. 

0-050 492 Marked turbidity, followed by settling of small 
amount §S, leaving very turbid supernatant 
liquid. 

0-075 539 Almost all § settled out, leaving slightly turbid 
supernatant liquid. 

0-100 531 Complete coagulation. Whole of § settled out 
rapidly. 

0-250 546 ” ” ” ; ” ” 

0-500 546 ” ” ” ” ” 

1-750 550 ” ” ” 9 ” 

MgCl, 0-005 —- No change. 

0-0125 — Very turbid. Trace settling. 

0-0187 — Bulk of S settled out, leaving weak clear sol. 

0-0200 re ” ” ” ” ” 

0-0225 — Complete coagulation. 

0-0250 542 os rv 

0-050 550 ” ” 

0-500 555 - be 
Tasie IV. 

Sol B + 0-05M-chlorides. 
Micromols. of kation adsorbed per g. of 8. 
Salt. By exchange with H’. As total salt. 
LiCl 337 117 
NaCl 364 © 171 
KCl 407 248 








7 


rn © Be fF. eee eS = 4 OO = = Ct 





ll 
it 











IONIC INTERCHANGE IN SULPHUR SOLS. 2691 


DIscussIon. 


Ion Exchange.—The data presented in the foregoing tables and 
in Fig. 3 show conclusively that; of the alkali kations studied, 
potassium has the greatest tendency to replace hydrion in the sulphur 
micelles, and lithium the least. The following interpretation of this 
occurrence of the lyotropic sequence is developed from the point of 
view suggested by Achar and Usher (J., 1927, 1875) (cf. Freundlich, 
“ Kapillarchemie,” 1932, 195; McBain, J. Physical Chem., 1924, 
28, 706, Pauli and Valké, “‘ Elektrochemie der Kolloide,’’ Wien, 
1929, 103; Usher, Trans. Faraday Soc., 1925-1926, 21, 406; Wilson, 


Fic. 3. 
Sol B + chlorides (Table III). 


600 | 





oh 





500 + 2 





400 | 
300} 


200 





100 





Micromols. H’ liberated from 1 g. of 8. 


o 


O01 02 03 04 05 06 07 08 09 10203040 
Conen. of salt (g.-mol. per litre). 
-©- Li; -A-K ; -—E} Mg ; —> = commencement of coagulation ; |, = com- 
plete coagulation. 





oO 


J. Amer. Chem. Soc., 1916, 38, 1982). The polythionic acid in the 
micelles undergoes dissociation to give hydrogen ions which diffuse 
but whose range of movement is limited, being determined by the 
electrostatic field of the anions, which are attached to the surface 
of the sulphur. Hence, the sulphur particle and its adsorbed acid 
may be conceived as separated from the bulk of the intermicellar 
liquid (“ external liquid ’’) by an imaginary envelope which marks 
the limiting range of movement of the hydrogen ions and is equivalent 
to a membrane permeable to all ions with the exception of the poly- 
thionate ions held by the sulphur. If, now, a neutral salt is intro- 
duced into the external liquid, exchange will take place between 
some of the hydrogen ions within the envelope and an electrically 
equivalent amount of metal ions from the external liquid. A state 
of equilibrium of the Donnan type will be finally attained. 
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In order to account for the differences in amount of exchange 
shown by the various kations under the same conditions, it is 
suggested that the metal polythionates possess different degrees of 
“ surface dissociation.” We may examine the effect of the form- 
ation of un-ionised polythionate on the equilibrium distribution of 
the ions by means of the following representation, in which, for sim- 
plicity, the polythionic acid is taken as completely ionised. 


xc | ** Membrane ”’ 


A H ! H’ 
=—| PP 
Sulphur : ; * 

particle M M 


| cr : cr 


\\\ 


= (1) (2) 
P’ — polythionate ion ‘‘ bound ” by sulphur. The small amount of “ free” 
polythionate is neglected. M* — kation of added neutral salt (chloride). 


According to the Donnan principle, the distribution at equilibrium 
of hydrogen ion between (1) and (2) depends upon the relation between 
the concentration of salt in (2) and of polythionate ion in (1): 
the smaller the concentration of P’ compared with that of MCI, 
the more equal is the distribution (Donnan, Z. Elektrochem., 1911, 
17, 572). Hence, combination of M° with P’ to form un-ionised 
polythionate will tend to equalise the concentrations of hydrogen 
ion in (1) and (2), 7.e., to promote interchange of M’ with H’. Thus 
the tendency of a kation to replace H’ will be the greater, the smaller 
the degree of surface dissociation of the corresponding polythionate. 
It follows that the degrees of surface dissociation of the alkali- 
metal polythionates have the order Li > Na > K. 

Mechanism of Coagulation.—The curve for potassium chloride in 
Fig. 3 becomes horizontal at a salt concentration of 0-1M; this is 
therefore the concentration at which the salt is just able to liberate 
the whole of the hydrogen ion from the micelles. The observations 
on the stability of the sol (Table ITI) show that this is the concen- 
tration required just completely to coagulate the sol. Similarly, 
with lithium chloride (and, in all probability, with magnesium 
chloride also), complete coagulation coincides with maximum re- 
placement of hydrogen ion. Further, those concentrations of 
lithium and potassium chloride which produce the first sign of coagul- 
ation (i.e., of the coarsest particles) liberate the same amount of 
hydrogen ion. It thus appears highly probable that the micelles 
of any given size aggregate always and only when the concentration 
of added salt is such that ionic interchange is complete. The data 
in Table II, though less deeisive since they do not comprise 
‘threshold ” values, are obviously also in accord with this conclusion. 
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By applying the above theory, it follows that the condition for 
coagulation is the complete suppression of the ionisation of the 
polythionate in the micelles, since in the postulated Donnan equili- 
brium the distribution of the hydrogen ion between the surface 
layer and the external liquid can become uniform only if the con- 
centration of polythionate ion is reduced to zero. 

Bassett and Durrant (loc. cit.), working with sols stabilised by 
sodium polythionate, found that the coagulum invariably contained 
the positive ion of the coagulant in amount equivalent to the bound 
polythionate. This result is supported by the present work, which, 
however, goes a step further by showing that coagulation takes place 
as soon as the ionic interchange is complete. Bassett and Durrant 
regard the coagulation process as very similar to the precipitation 
of ordinary insoluble salts. This view has common ground with the 
one proposed here, since both imply that the coagulation is preceded 
by complete neutralisation of the charge on the colloidal particles. 

Adsorption of Anions.—Bassett and Durrant (loc. cit.) could not 
detect any trace of the anion of the coagulating salt in the sulphur 
coagulum. Odén (loc. cit.), however, reports that sodium chloride, 
and Rindé (loc. cit.) that hydrogen chloride, is adsorbed by the 
sulphur. The experiments carried out on sol B (Table IV) show 
conclusively that anion adsorption (adsorption of total salt) occurred 
in our sols. The sols studied by Bassett and Durrant were un- 
dialysed, which may explain the difference in behaviour. 

The adsorption of chloride gives the lyotropic series also, for we 
have K >Na> Li. Assuming that chloride ions are actually 
fixed to the sulphur surface, the number attached will depend, 
ceteris paribus, upon the concentration of chloride ions in the neigh- 
bourhood of the surface. This, in turn, will be determined by the 
“membrane ”’ equilibrium envisaged earlier in the discussion. 
Owing to the presence of non-diffusible polythionate ions, the 
equilibrium concentration of chloride ion in (1) will be less than in 
(2), and, as previously pointed out, the inequality in the distribution 
will be greater the higher the concentration of non-diffusible ion. 
Since potassium forms the least ionised polythionate, it follows that 
the concentration of chloride ion in the surface layer of solution, 
and hence the amount bound by the sulphur, will be greatest in the 
case of potassium chloride. 

With highly concentrated sols, the adsorption of the anion of the 
added salt probably complicates the study of the cationic inter- 
change. If, for example, a chloride is added in sufficient quantity, 
a high concentration of hydrogen chloride will be produced, and the 
possibility arises that some hydrogen ion may be adsorbed in this 
form after all the polythionic acid has been converted into un- 
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ionised salt. In these circumstances, complete coagulation would 
take place before the whole of the hydrogen ion appeared in the 
intermicellar liquid. This behaviour was indicated by the results 
of some preliminary experiments on a portion of sol C which had been 
concentrated to about four times the original strength by evaporation 
at 50°. It was found that, while the total available hydrogen ion 
was 530 micromols. per g. of sulphur, complete coagulation was 
produced by 0-075M-magnesium chloride, at which concentration 
the liberated hydrogen ion amounted to only 450 micromols. An 
observation recorded by Odén (loc. cit., p. 134) is of interest in this 
connexion. He found that the coagulum produced by the action 
of sodium chloride upon a sol stabilised by sodium polythionate, and 
to which hydrochloric acid (0-407M) had been added, was decidedly 
more acid than the supernatant liquid. Moreover, the amount of 
sodium in the coagulum was less than when coagulation was brought 
about in the absence of hydrogen chloride, although a very much 
smaller concentration of sodium chloride sufficed in the latter case. 
It seems certain that in the presence of hydrogen chloride the co- 
agulum carried down a considerable quantity of the acid, adsorbed 
on the sulphur. 
SUMMARY. 

1. Measurements of the adsorption of the ions of alkali-metal salts 
by the micelles in sulphur sols stabilised by a polythionic acid show 
that the lyotropic series occurs in the ionic interchange and also in 
the adsorption of total salt. 

2. The ionic interchange can be correlated with coagulative action, 
since it appears that, provided the concentration of acid in the 
system be not too high, coagulation takes place at that concentration 
of salt which just suffices to liberate the whole of the hydrogen ion. 

3. A reasonable interpretation of the results obtained is given in 
terms of the Donnan equilibrium and the theory of surface dis- 
sociation. 


The authors’ thanks are due to Imperial Chemical Industries Ltd. and to 
the Earl of Moray Endowment for assistance in the purchase of apparatus. 
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403. The Relative Stability of Copper Derivatives 
of B-Diketo-compounds. 


By T. 8. Moore and (Miss) M. W. Youne. 


On addition of a 8-diketone or a 8-keto-ester to a benzene or chloro- 
form solution of the copper derivative of another compound of 
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either of these types, immediate colour changes are observed in 
many cases, such as would result from an equilibrium 


CuA, + 2HB =~ CuB,+2HA .. . (1) 


where CuA, and CuB, have different colours. When the original 
copper compound is derived from either acetylacetone or dibenzoyl- 
methane, no other copper compounds can be isolated from the 
solution, whatever diketo-compound is added; and conversely, 
the addition of either of these two diketones to a solution of the 
copper compound of any other diketo-compound produces an 
immediate precipitation of the corresponding copper derivative. 
In several other cases, either of the salts CuA, and CuB, can be 
obtained according to the conditions. Thus, addition of salicyl- 
aldehyde to a benzene solution of copper acetoacetic ester changes 
the colour from green to yellowish-green, but the original copper 
compound is recovered unless a considerable amount of salicyl- 
aldehyde is added, whereupon copper salicylaldehyde crystallises. 
Examination of a large number of cases showed that ordinarily 
the two copper compounds are the only solid products recoverable. 

Since such equilibria give a means of measuring the relative 
stability of the chelate rings formed by diketo-compounds, we have 
investigated several cases quantitatively. Our results show that 
the reaction occurs in two stages, 


CuA, + HB == CuAB+HA .. . (2a) 
CuAB + HB = CuB,+ HA .. . (2b) 

and that, further, the copper compounds react together 
CuA, + CuB, == 2CuAB .. . . (3) 


In two cases (HA = benzoylacetone; HB = ethyl acetoacetate or 
ethyl acetonedicarboxylate), we find that the compounds CuAB 
can exist as solids in equilibrium with solutions containing excess of 
CuAg. 

The colour changes and precipitations show that the reactions 
with the diketo-compounds are very rapid, an interesting result 
in view of the fact that they involve the rupture and formation of 
six-membered rings in the presence of an inactive solvent. 

The only method available for investigating these equilibria is 
the estimation of the concentration of copper in solutions saturated 
with regard to one salt (CuA,), using in different experiments the 
pure solvent, the solvent containing known amounts of the other 
diketo-compound (HB), and the solvent containing known amounts 
of the other copper compound (CuB,). The solvent was benzene 
and the temperature 25°. At first, in spite of careful purification 
and drying of all the materials, no concordant results for the 
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solubilities of the copper compounds could be obtained, and with 
the compounds from keto-esters obvious decomposition sometimes 
occurred during 48 hours’ shaking. It was only when all distil- 
lations and transfers of material were carried out in dry air that 
consistent values were obtained. Excellent agreement was reached 
with the copper compounds of $-diketones, e.g., six experiments, 
using two different preparations of copper benzoylacetone, gave 
values for the solubility of 0-0531—0-0534 mol./litre. With the 
copper compounds of $-keto-esters the agreement was less good, 
the worst case being acetoacetic ester, where three different samples 
of the copper compound gave values 0-0283, 0-0278, and 0-0280, 
each number being the mean of at least two closely agreeing results. 
An inspection of the numbers on p. 2707 will show that, throughout 
the work, the derivatives of the keto-esters gave less regular results 
than those of the diketones. 

Although preliminary experiments were tried with many other 
copper compounds, only those derived from acetylacetone, benzoyl- 
acetone, dibenzoylmethane, acetonedicarboxylic ester, and aceto- 
acetic ester were used, since these alone proved sufficiently stable. 

That equation (1) is inapplicable is shown as follows. If S;, is 
the solubility of the salt CuA,, and 7’ is the concentration of copper 
reached by saturating a solution containing 6 of the diketone HB 
with CuA,,* 

T = S; + [CuB,], [HA] = 2[CuB,], and 6 = [HA] + [HB], 


from which it follows that the equilibrium constant corresponding 
to equation (1) is given as 
K' = 4(T — 8,3/{8{o — 2(T — S)P} . . () 

The values of K’ thus obtained showed continuous variation as } 
was altered, and in several cases the value of 7' was greater than 
equation (1) alone allows. Equation (1) being assumed, such 4 
result could follow if (a) the solubility of CuA, is increased by the 
presence of other substances, apart from any chemical reaction, or 
(6) the copper compounds are associated in benzene solution, the 
degree of association necessarily increasing with concentration, or 
(c) addition compounds such as CuA,,HB and CuB,,HA are formed, 
or (d) the salts CuA, and CuB, form a compound CuA,,CuB, in 
solution. But, as will be shown, equations (2a), (2b), and (3) explain 
the results without any of these assumptions. 

Additions of various oxygen-containing substances in amounts 
comparable with the additions of the diketo-compounds, produce 
effects on the solubilities far too small to account for the discrepancies, 


* All concentrations of diketo-compounds and their copper compounds are 
expressed in mols. /litre, and concéntrations of copper are in g.-atoms/litre. 
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so that (a) is excluded; e.g., copper acetylacetone, S; = 0-00338, 
T for 0-0327M-ethyl malonate 0-00341, for 0-0472M-salol 0-00340 ; 
copper benzoylacetone, S; = 0-0533, 7’ for 0-0675M-ethyl malonate 
0-0535. As regards (6), Urbain and Debierne (Compt. rend., 1899, 
429, 302) found normal molecular weights in benzene for the 
acetylacetone compounds of aluminium, iron, cobalt, and mangan- 
ese. We find similar results for the copper compounds of benzoyl- 
acetone, acetonedicarboxylic ester, and acetoacetic ester, the other 
two compounds being too sparingly soluble for examination. As 
regards (c) we have shown (see data below) that addition of either 
of the diketones HA or HB to a system containing both CuA, and 
CuB, as solid phases causes no change in concentration, such as 
must occur if (c) were the cause of the discrepancy. 

That intermediate or double compounds such as CuAB or 
CuA,,CuB, are formed, is proved by the fact that the copper con- 
centration in a solution saturated with regard to both CuA, and 
CuB, (denoted later as Sy) is considerably greater in all cases than 
the sum of the separate solubilities. Thus, for copper acetylacetone 
with copper benzoylacetone the valnes found for Sy were 0-0878 and 
00880; for Sy in presence of acetylacetone, 0-878 (two identical 
values), and the same value in presence of benzoylacetone. The 
sum of the separate solubilities is 0-0567. Further, the results 
which, by the methods described below, give values 5-4 and 5-3 
for the equilibrium constant corresponding to equation (3), when 
HA = acetylacetone and HB = benzoylacetone, give 87 and 144 
for the ‘“‘ constant ” corresponding to the reaction CuA, + CuB, = 
CuA,,CuB,. With the same diketones for equation (1), which must 
apply if CuA,, CuB,, and CuA,,CuB, are the only copper compounds 
present, the equilibrium “ constant ’’ K’ falls continuously from 25 
to 24, while values of the constant for equation (2a) from the same 
numbers are all between 1-9 and 2-1. Other cases give similar results. 
It appears certain, therefore, that there is no evidence in favour of 
any of the effects (a), (b), (c), and (d), and that equations (2a), (2b), 
and (3) apply, the corresponding mass-action equations being 


K, = [CuAB][HA}/[CuA,][HB] - « (5a) 
K, = [CuB,][HA]/[CuAB)[HB] . «+ (5b) 
and K,/K, = [CuAB}*/[CuA,)[CuB,] - + (6) 


Equilibria involving only Copper Derivatives.—Values of K,/K, 
can be calculated directly from Sy, for 
8y _ 8; + Su + [CuAB] a (from 6) Sr “bh Sir + VSiSuK,/K; (7) 
Where S; and $1; are the solubilities of CuA, and CuB, respectively, 


the solution being saturated with regard to both CuA, and CuB,. 


They ,r also be calculated (second method) from the concentration 
8 
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of copper (7') reached at equilibrium by shaking a solution of.a 
known amount (y) of one compound (CuB,) insufficient for satur- 
ation, with excess of the other (CuA,). For then 
T = 8S; + [CuAB] + [CuB,]. . . . (8) 
and y = [CuB,] + [CuAB}]/2 HOT, (te Ge 
so that both [CuAB] and [CuB,] can be found and used in equation 
(6). Another independent series of results can be obtained, using 
the second method, by interchanging the functions of CuA, and 
CuB,. In practice, the accuracy reached in the determination of 
Sy is greater than in the experiments with known additions of one 
copper compound, but the second method is useful for checking the 
first. Further, when either CuA, or CuB, is very sparingly soluble, 
small experimental errors cause large changes in the value of K,/K, 
calculated by the second method. In such cases, verification of the 
value of K,/K, from Sy can be made by using it to calculate the 
concentration of copper which should be reached in the experiments 
with known amounts of one copper derivative. For, from equations 
(6) and (9), 
[CuAB] = VyS1K,/K, + (S1K,/4K,)® — 8,K,/4K, 
so that [CuAB], then [CuB,] from equation (9), and finally 7’, can 
be found. As an example, the numbers for copper acetylacetone 
(CuA,) and copper acetonedicarboxylic ester (CuB,) are quoted : 
(a) K,/K, from Sy, 4-62. 


(6) Solutions saturated with regard to CuA, : 
T (calc. from 


y (of CuB,). T (found). K,/Kz. K,/K, = 46). 
0-0218 0-0324 4-2 0-0326 
0-0328 0-0456 4°5 0-0457 
0-0344 0-0476 4-6 0-0472 
0-0404 0-0538 29 0-0545 


Solutions saturated with regard to CuB, : 
y (of CuA,). 


0-00745 0-0619 1-8 0-0626 

0-00938 0-0636 0-7 0-0660 

0-01250 0-0692 2:4 0-0714 
The agreement is as good as could be expected and confirms our 


equations. 

For three pairs of compounds, viz., copper benzoylacetone with 
copper acetylacetone and with copper dibenzoylmethane, and 
copper acetylacetone with copper acetonedicarboxylic ester, the 
value of Sy was independent of the amounts of CuA, and CuB, 
used, so long as they were in excess. In two other cases, viz., copper 
henzoylacetone (GqjA,) with copper acetoacetic ester and copper 
acetonedicarboxylic ester (CuB,), two distinct values of Sy were 
obtained. Thus, in the latter case Sy was found to be 0-239, 0-240, 
and 0-238 (HA present) in separate experiments with CuA, in excess, 











of. a 
tur- 


‘uB, 
pper 
pper 


were 


cess, 











OF COPPER DERIVATIVES OF $-DIKETO-COMPOUNDS. 2699 


while with CuB, in excess the values were 0-228, 0-227, and 0-229 
(HB present). In the former case the difference between the two 
values of Sy (0-139 and 0-132) is much less, but it is not possible to 
attribute this to experimental error since the value of K,/K, deduced 
on the assumption of one invariant point disagrees with that found 
from known additions of one copper compound to the other, and 
further, the assumption of two invariant points has been otherwise 
verified (see p. 2701). It is necessary, therefore, to assume in these 
cases that a third solid, presumably CuAB, can exist in contact 
with solution, so that two invariant points are possible with CuA, + 
QuAB and CuB, + CuAB as the solid pairs. 

Calculation of K,/K, from the two values of Sy is possible but 
is even more affected by small experimental errors than calculation 
from known additions of one compound, which, therefore, has been 
used in these cases. 

Equilibria involving Free 8-Keto-compounds.—To get the values of 
K, and K,, when K,/K, is known, it is necessary to find T in a 
solution to which a known amount, 6, of one of the diketo-compounds 
(HB) has been added and which has then been saturated with Cu Ag. 
We have, in addition to equations (6) and (8), 


b = [HA] + [HB], and [HA] = [CuAB] + 2[CuB,], so that 


[CaAB] = VST — 5;)K,/Ky + (S:K,/2K,)* — SK, /2K,, 
From [CuAB] the other concentrations follow, and K, and K, can 
be calculated. Experiments carried out in the reverse direction, 
by making known additions of HA and saturating with CuB,, lead 
ina similar way to values of K, and K,, defined by the equations 


K, = [CuAB)[HB]/[CuB,][HA] - « (10a) 
K, = [CuA,)[HB]/[CuAB][HA], . « (10b) 
K,/K, being known, since K,/K, = K,/Kg. 

It will be seen from equations (5a) and (10b) that K, should be 
the inverse of K,, and since the determinations of these two constants 
are independent of one another, except that both depend on the value 
of Sy, this relation gives a valuable check on the validity of the 
equations and on the accuracy of the work. The results for acetyl 
acetone (HA) and benzoylacetone (HB) are given as an example : 


Solid phase, CuA,. Solid phase, CuB,. 

b (of HB). Ki. b (of HA). K;. 
0-0110 2-07 0-0190 3-0 
0-0239 1-96 0-0277 3-2 
0-0294 1-98 0-0509 3-1 
0-0367 2-01 0-0761 2-9 
0-0640 2-05 0-1185 2-9 

Mean K, 2-0 Mean K, 3-0 
. Ke = 0°37 K, = 0-56 


oe K,K, > 1-1. 
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For another pair, dibenzoylmethane (HA) and benzoylacetone 
(HB), K, = 3-1, K, = 0-46; K, = 2-16, K, = 0-32, whence K,K, 
=1-01. The differences between the values of K,K, and unity are 
well within the effect of experimental error. 

The possibility of this method of verification failed, however, 
when the equilibrium was very near either extreme, for in such cases 
one of the diketo-compounds reacts almost completely with the 
excess of the copper compound of the other, and its concentration 
is reduced to a value comparable with the experimental errors, 
In such a case, if the equilibrium is well over towards the side 
involving free HB, satisfactory constancy of K, and K, is found, but 
not of K, and K,. The required verification must then be made by 
using the values of K, and K, to calculate the concentration of 
copper which should be reached in the addition of 6 of HA to excess 
of CuBg, it being assumed that K,K, = K,K,=1. Thiscalculation 
involves an approximation method as follows : 

In the equation 


b = [HA] + [HB] = [HA] + [CuAB] + 2[CuA,] . (11) 


[HA] is, in the nature of the case, very small. As a first approxim- 
ation 6 = [HB] = [CuAB] + 2[CuA,], which, with equation .(6), 
leads to an approximate value of [CuAB]. From equation (10a) 
and K, = 1/Kg, it follows that an approximate value of [HA] can 
be calculated from 

[HA] = K,b[CuAB]/Sy . . . . (12) 


In the second approximation this value of [HA] is used in equation 
(11) and in the calculation of [CuAB], and 6 — [HA] replaces 6 in 
equation (12). When successive approximations (3—5 are neces- 
sary) no longer cause a change in the value of [HA], this can be taken 
as correct, and all the other concentrations calculated from it. 
With acetylacetone [HA] and acetonedicarboxylic acid [HB], where 
the equilibrium is very much towards the side involving free HB, 
the numbers are : 


Solid phase, CuB,. 
Solid phase, CuA,. - 








~ T (cale. 

b (of b (of from K, = 
HB). -. K,. HA). ¥. Ky. 0-0074). 
0-0056 0-00408 0-030 0-0140 0:0619 11-8 0-0618 
00-0111 0-00455 0-041 0-0173 0-0667 —- 0-0656 
00169  0-00468 0-032 0-0209 0-0680 — 0-0690 
0-0275 0-00506 0-032 0-0303 0-0760 70-6 0-0770 


0-0351 0-00535 0-035 
Mean K, = 0-034 


K,/K, = 4-6, ee K, = 0-0074. 


Thus the comparison of the results from the direct and the reverse 
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reaction in this case is satisfactory even though the values of K, 
calculated directly vary so much. 

In the summary of results on p. 2707, the methods of verification 
used and the divergencies found are quoted. Only in the case of 
benzoylacetone with acetoacetic ester are the divergences consider- 
able, and the results, as a whole, give very strong support to our 
view of the mechanism of the reactions. 

It is necessary to point out that, on this interpretation, some 
of the solutions in experiments involving the formation of very 
sparingly soluble copper compounds must be regarded as super- 
saturated after at least 48 hours’ shaking; e.g., in the case of 
acetylacetone with copper benzoylacetone as solid phase, the con- 
centrations of copper acetylacetone (S; = 0-00338) in the last three 
experiments given on p. 2699 are 0-0040, 0-0070, and 0-0126. Since 
the value of Sy is 0-0879, and is unaffected by the presence of free 
HA or HB, while the values of 7' in these experiments are 0-0913, 
0-1053, and 0-1260, it seems that in the absence of solid copper 
acetylacetone, its supersaturated solution, when it is so dilute, can 
remain in metastable equilibrium during the period of shaking. 
The constancy of K, and the proper relation of its value to that of 
K, (in the determination of which no difficulties of this kind occur) 
make this assumption necessary. In the additions of dibenzoyl- 
methane to copper benzoylacetone, all the experiments resulted in 
solutions supersaturated with regard to copper dibenzoylmethane, 
even though the most concentrated was only 0-00114M. Here also 
the proper relations between the constants is found. 

The Invariant Points.—In the cases where two invariant points 
occur (to which correspond copper concentration ;Sy and Sy 
for excess of CuA, and CuB, respectively), if the values of 7’ found 
with known additions of CuA, in presence of excess of CuB, are 
plotted, the value of the addition necessary just to reach the point 
where 7' is identical with the value of Sy can be read off the extra- 
polated curve. The difference between ;,Sy and this value of the 
addition of CuA, gives the amount of CuB, which must be dissolved 
to reach the invariant point, i.e., to produce a saturated solution 
of CuAB, without causing precipitation of the latter. Since, further, 
the dissolved CuB, = Sy + [CuAB],, all the concentrations at an 
invariant point can be calculated. 

Fig. 1 shows the upper parts of the curves for the two pairs of 
copper compounds which give two invariant points, obtained by 
plotting the amount of one compound dissolved against the additions 
of the other on rectangular axes. The broken curve AB represents 
the range of existence of CuAB as a solid when HA is benzoylacetone 
and HB is acetoacetic ester, and CD is the corresponding curve for 
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the same HA and acetonedicarboxylic ester as HB. It will be 
noticed that neither intermediate compound can exist in equilibrium 
with its own solution. 

The assumption that CuAB is the solid phase concerned has been 
tested in three ways : 

(1) The value of [CuAB] at an invariant point, calculated as 
described above, is independent of any assumption other than that 
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the solutions contain only CuA,, CuB,, and CuAB. These values 
are 


Point. [CuAB}. 
Copper benzoylacetone \ fA 0-058 
me acetoacetic ester J/""""""""""""""""* \B 0-059 
bs benzoylacetone \ Jc 0-127 
as acetonedicarboxylic ester ae (D 0-139 


In both cases the pairs of values agree within the error of extra- 
polation, which supports the view that CuAB is a solid phase at the 
two invariant points. 

(2) It follows from our equation that »Sy — Sy<S; — Sn if 
CuAB is a solid phase. This relation is satisfied for the former pair, 
but not for the latter. 

(3) From application of the arguments of Dimroth and Bamberger 
(Annalen, 1924, 438, 67) to this case, it follows that G, defined by 
the equation @ = K,S;Sy/K.(Scuss)?, must not be less than 
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unity if solid CuAB is to exist in contact with solution, and that G 
must be greater than S;/Sy (where S;>Sy) if solid CuAB is to 
exist in contact with its own solution. For the first pair, G = 1-1 
and S;/S;; = 1-90, so the position of the curve AB is consistent with 
these relations. For the second pair, G = 0-62 and S;/Sy = 1-1, 
according to which CuAB should not exist as a solid. 

Thus, the assumption of CuAB as a solid at the two invariant 
points is verified for the first pair in every way by which it can 
be tested, while for the second pair two methods give adverse results. 
Other hypotheses examined were no more successful, and the dis- 
crepancy appears to be due to new effects—possibly purely physical 
—occurring at the abnormally high concentrations corresponding 
to the invariant points in this case, which will cause considerable 
departures from the ideal state assumed in deducing the equations. 

No other part of the work is affected by this discrepancy. 

Alcohol as Solvent.—Since the copper compounds of benzoyl- 
acetone (HA) and acetonedicarboxylic ester (HB) have smaller 
solubilities in alcohol, it appeared worth while to repeat the experi- 
ments in this solvent. This proved to be impossible because the 
solubility of CuB, is depressed by addition of the ester HB (Sy = 
0-0229 in alcohol; 0-0207 in presence of 0-1363M-HB, and 0-0206 
in presence of 0-2153M-HB). In view of the isolation of alcoholates 
from the copper and nickel compounds of 8-ketonic and o-hydroxy- 
esters (Wislicenus, Ber., 1898, 31, 3151; Doak and Packer, J., 1928, 
2763), there can be little doubt that alcoholysis of this compound 
occurs and is suppressed by a small amount of ester. The results 


are consistent with the equation K[EtOH)][CuB,] = | Cup ing [CHB] 


if K{[EtOH] = 2-45 x 104. According to this, the true solubility 
of CuB, is 0-0206, and in the saturated solution approximately 10% 
has undergone alcoholysis. It was thus useless to carry out experi- 
ments with CuB, as solid phase, but approximate values of K, and 
K, were obtained with CuA, as solid. 

Isolation of Intermediate Compounds.—Attempts to confirm the 
existence of intermediate compounds by determination of the 
freezing points of mixtures gave no decisive results on account of 
decomposition and the opacity of the liquids formed. But since 
Fig. 1 shows that the curves AB and CD are not far from the 45° 
line, it was possible that at a higher temperature they would cut it, 
in which case rapid crystallisation from hot benzene might allow of 
the preparation of the intermediate compounds. 

Equivalent quantities of copper benzoylacetone and copper 
acetonedicarboxylic ester were dissolved in hot dry benzene, the 
solution rapidly cooled, and the dark green crystals kept in a vacuum 
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(Found: Cu, 14-93. C,).H,.0,Cu requires Cu, 14-93%). They 
melted at 121-5°, re-solidified and remelted at 127—128°. The 
product was next recrystallised quickly from hot alcohol, in which 
the solubilities of the two components are widely different, and 
the crystals were found to have the same copper content (14-99%) 
and to show the same behaviour as before on melting. finely 
ground equimolecular mixture of the two components melts at 124°, 
with no temporary melt. Similar experiments with copper benzoyl- 
acetone and copper acetoacetic ester gave the results: Crystals from 
benzene (Found: Cu, 17-90. C,,H,,0;Cu requires Cu, 17-97%), 
m. p. 165—166°; recrystallised from alcohol, m. p. 165—166°; 
m. p. of equimolecular mixture of components 150°. Several 
similar experiments with copper benzoylacetone and copper di- 
benzoylmethane gave always the latter as the solid product. Thus, 
only in the two cases where it was found necessary to assume the 
existence of the intermediate compound as a solid phase were solids 
isolated which do not appear to be equimolecular mixtures and which 
have the required composition. 
The collected values of K, and Kg, are : 


A in CuA,. HB. x. RK. K,/Ky. 
COMe-CH:COMe  Ph-CO-CH,-COMe 2-0 0-37 5-4 
R ©O(CH,°CO,Et), 0-034 0-0074 4-6 
COPh-CH:COMe COMe-CH,-COMe 3-0 0-56 5-4 
A CO(CH,CO,Et), 0-058 0-014 4:3 
3 » (in EtOH) 0-053 0-010 5-3 
a CH,°CO-CH,-CO,Et 00078 0-0031 2-5 
rr CH,(COPh), 31 0-46 6-8 
CH(COPh), COPh:CH,*COMe 2-2 0-32 6-8 


From these values it appears that the co-ordinating affinity of 
the compounds decreases in the order: (1) dibenzoylmethane, (2) 
acetylacetone, (3) benzoylacetone, (4) acetonetlicarboxylic ester, 
(5) acetoacetic ester, and that there is a large gap between (3) and (4). 

To extend the comparison to compounds of which the pure copper 
derivatives could not be isolated (and for which, therefore, no values 
of the constants could be obtained) the increases of copper con- 
centration produced by known additions of the compounds to 
systems containing one of the stable copper derivatives were deter- 
mined and plotted. Fig. 2 shows the results with copper aceto- 
acetic ester as solid phase for additions of o-hydroxy-m-methylbenzo- 
phenone, methylacetoacetic ester, and methyl salicylate in com- 
parison with those for acetonedicarboxylic ester. With copper 
benzoylacetone as solid phase (Fig. 3), methylacetoacetic ester and 
methyl salicylate produce effects too small for plotting, but the 
curves for all the substances are in the same order as in Fig. 2. 
o-Hydroxy-m-methylacetophenone gives a curve identical with that 
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for the corresponding benzophenone, and ethyl malonate and salol 
were found to have no measurable effect. The order of co-ordinating 
affinity may thus be continued after acetoacetic ester: (6) 
o-hydroxy-m-methylbenzophenone and the corresponding aceto- 
phenone, (7) methylacetoacetic ester, and (8) ethyl malonate and 
salol giving a zero value. It is of considerable interest that this 
order is almost the same as that found by K. H. Meyer (Annalen, 
1911, 380, 242) for the percentage of enol form in the pure sub- 
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Solid phase, copper acetoacetic Solid phase, copper benzoyl- 
ester. acetone. 

stances, viz., dibenzoylmethane 102, benzoylacetone 99, acetyl- 
acetone 80-4, acetonedicarboxylic ester 16-8, acetoacetic ester 7:4, 
and methylacetoacetic ester 4:1. This parallelism is a strong con- 
firmation of Sidgwick’s view (‘‘ Electronic Theory of Valency,” p. 
147) that the enol forms of @-diketo-compounds are chelated. Both 
lists also show the great difference between the effect of a true 
ketone group and of a carboxylic —CO— group, and our figures ’ 
indicate that symmetry is a favourable factor in chelation. It is 
of interest, too, that methyl salicylate and the simple o-hydroxy- 


aromatic ketones should be so low on the list in view of the apparent 
482 
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stability of the lakes formed by mordanting dyes derived from sali- 
cylic acid and 1-hydroxyanthraquinone. 

The value of K,/K, is the greater the higher the concentration of 
CuAB in presence of standard concentrations of CuA, and CuB,,. 
But with one of the sparingly soluble copper compounds as CuA, 
or CuB,, the concentration of CuAB must remain small even with 
the higher values of K,/K,, and accordingly all the cases involving 
either copper acetylacetone or copper benzoylacetone give only 
one invariant point. The tendency to form the intermediate 
compound, as measured by K,/Kg, is actually least in those cases 
where it has been necessary to assume its existence as a solid, the 
diminution in K,/K, being more than compensated by the higher 
solubility of CuA, or CuB, so that comparatively large concentrations 
of CuAB are reached, and saturation results. 


{XPERIMENTAL. 


Materials were purified by standard methods until their b. p.’s or f. p.’s 
agreed with those in the literature. All transferences of material, including 
collection of distillates, were carried out in dry air. In the purification of 
the Cu derivatives, the prevention of decomp. by traces of H,O is the most 
important point. Dry EtOH was used wherever possible for recrystn., since 
traces of H,O present despite the precautions, had less effect in this solvent 
than any other. In this respect C,H, is particularly unsuitable, a qualitative 
confirmation of Greer’s results (J. Amer. Chem. Soc., 1930, 52, 4191) on the 
activity of H,O in C,H,. Cu acetylacetone is best recryst. from CHCI,- 
EtOH; Cu dibenzoylmethane is not sufficiently sol. for recrystn., but, when 
prep. from Cu(OAc), and very slight excess of the diketone in dry EtOH, and 
repeatedly washed with EtOH, it was found to be pure. The Cu derivatives 
were prepared in small quantities and each prepn. was analysed separately. 

Estimation of Cu was by titration of the I liberated from KI in presence 
of AcOH, with N/100-Na,8,0, stabilised by Na,CO,. No difficulty was 
experienced with the dil. Na,S,O, so long as the vol. of solution did not exceed 
100 c.c. and an atm. of N was maintained in the titration vessel. Comparative 
expts. showed that this method agreed with the gravimetric method by Cu,8 
and that the presence of the keto-estersand C,H, had noeffect. With diketones, 
complete reaction of the Cu compounds is reached only after addition of C,H, 
and shaking. The N/100-Na,S,0, was restandardised each day against 
electrolytic Cu, but showed no variation. 

For determination of solubility, a shaking bottle containing the solid was 
kept over P,O, in vac. for at least 24 hrs., and then attached to an apparatus 
by which C,H, could be distilled directly into the bottle through dry air, after 
rejection of 20 c.c. The stoppers were covered with thin rubber caps fitting 
tightly round the necks of the bottles, and further sealed by collodion. The 
bottles were fixed in cages which prevented any motion of the stoppers. 
Preliminary expts. starting from higher and lower temps. showed that equil. 
was reached after 24 hrs. in the thermostat; but shaking was continued for 
not less than 48 hrs. Filtration was carried out in the thermostat, dry air 
passed over C,H, at 25° being used to force the liquid first through coarse 
filter-paper and then through cotton-wool. Either material alone was un- 
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satisfactory, the paper letting fine particles through, and the cotton-wool 
becoming choked unless the liquid was almost clear. Volumes varying 
according to Cu content of solution were measured out for analysis with 
narrow-necked pipettes, at least two titrations being made for each bottle. 
With some of the more conc. solutions, titration was begun with N /10-Na,8,0, 
by wt. and finished with N /100-Na,S,0,. 

To exclude moisture in the prepn. of solutions containing known amounts 
of diketo-compounds or of Cu derivatives, two slightly upward-sloping tubes 
were fused on to opposite sides of the neck of a graduated flask, one high up 
and the other sufficiently above the bulb of the flask to allow of 10 graduations, 
1 mm. apart. Into this flask containing the weighed substance, C,H, was 
distilled as described above until the graduations were reached, and the 
vol. of solution at 25° determined. The solution was transferred to a shaking 
bottle containing the solid phase in use through the lower tube, air entering 
through a P,O, tube attached to the upper side tube. In cases where the 
amount of Cu derivative to be added would not dissolve in the vol. of C,H, 
to be used, it was weighed directly into the shaking bottle, and the measured 
vol. of C,H, added in the same way. 


Results. 

Molecular-weight Determination (cryoscopic in C,H,).—Cu acetoacetic ester 
325 (cale., 322); Cu acetonedicarboxylic ester 471, 474 (calc., 466); Cu 
benzoylacetone 370 (calc., 386). 

Solubilities (mols. /litre).—(1) In C,H, at 25°. 


Cu acetylacetone 0-00338 (6 values, 0-00336—0-00339). 

», benzoylacetone 0:0533 (6 values, 0-0531—0-0534). 

,», dibenzoylmethane 0-00040 (2 identical values). 

», acetonedicarboxylic ester 0-0484 (6 values, 0-0477—0-0487). 

» acetoacetic ester 0:0280 (6 values, 0-0278—0-0283). 
(2) In EtOH at 25°. 

», benzoylacetone 0-00485 


», acétonedicarboxylic ester 0-0229 (see p. 2703). 

Equilibria in Benzene at 25°. 

Benzoylacetone (HA) and acetylacetone (HB). 

Sy = 0-0879 (5 values, 0-0878—0-0880); K,/K, = 5:4 (from Sy), 5-3 (from 
addn. of CuA, to CuB,). 

HB with CuA,, K, = 3-0 (5 values, 2-9—3-2), K, = 0-56. 

HA with CuB,, K, = 2-0 (6 values, 1-9—2-1), K, = 0-37. 

Benzoylacetone (HA) and dibenzoylmethane (HB). 

Sy = 0-0657 (3 values, 0-0656—0-0658); K,/K, = 6-8 (from Sy). 

HA with CuB,, K, = 2-2 (6 values, 1-98—2-29), K, = 0-318. 

(Ka = 3-1 (3 values, 2-7—3-5), K, = 0-46. 
HB with CuA, { Verification of 7’, using K, = 2-2, gave av. error 0:3% and 
max. error 1%. 

Acetylacetone (HA) and acetonedicarboxylic ester (HB). 

Su = 0-0794 (4 values, 0-0784—0-0805); K,/K, = 4-6 (from Sy), 4:3 (from 
addn. of CuB, to CuA,). 

Verification of 7’, using K,/K, = 4-6: (i) for addn. of CuB, to CuAg, av. error 
05%, max. error 13%; (ii) for converse addn., av. error 2-8%, max. error 
36%. 

HB with CuA,, see p. 2698. 

HA with CuB,, see p. 2698- 
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Benzoglacetone (HA) and acetonedicarboxylic ester (HB). 

vu = 0-239 (3 values, 0-238—0-240), 1:94 = 0-228 (3 values, 0-227—0-229); 
K,/K, = 4:3 from smooth curves for addn. of CuA, to CuB, and vice versa, 

Verification of 7’, using K,/K, = 4:3: (i) addn. of CuB, to CuAg,, av. error 
06%, max. error 2%; (ii) reverse addn., av. error 0-1%, max. error 3%, 

To reach invariant point D (Fig. 1), 0-116 mol./l. CuB, required; to reach 
invariant point C (Fig. 1), 0-116 mol./l. CuA, required. 

HB with CuA,, K, = 0-058 (5 values, 0-055—0-062), K, = 0-0135. 

HA with CuB,, verification of 7, using K, = 0-058, av. error 0-5%, max, 
error 2%. 

Benzoylacetone (HA) and acetoacetic ester (HB). 

wu = 0-139 (2 identical values), mSy = 0-132 (3 values, 0-130—0-134); 
K,/K, = 2-5 from smooth curves for addn. of CuB, to CuA,. 

Verification of 7, using K,/K, = 2-5, addn. of CuB, to CuA,, av. error 06%, 
max. error 3:9%. 

To reach invariant point B (Fig. 1), 0-056 mol./1. CuB, required. 

To reach invariant point A (Fig. 1), 0-075 mol./l. CuA, required. 

HB with CuA,, K, = 0-0078 (4 values, 0-0070—0-0086), K, = 0-0031. 

HA with CuB,, verification of 7’, using K, = 0-0078, av. error 2:3%, max. 
error 48%, 

Equilibria in Alcohol at 25°. 

Benzoylacetone (HA) and acetonedicarboxylic ester (HB). 

vSs; = 0-0458 (3 values, 0-0457—0-0459), nS = 0-0463 (2 identical values); 
K,/K, = 5-4 (3 values, 5-1—5-9) from addn. of CuB, to CuA,. 

HB with CuA,, K, = 0-053 (3 values, 0-049—0-055); K, = 0-01. 


SuMMARY. 


8-Diketo-compounds react rapidly (in some cases instantaneously) 
with the copper derivatives of other diketo-compounds, producing 
equilibria CuA, + HB —= CuAB + HA and CuAB + HB=CuB, 
-+- HA. The copper derivatives themselves react, producing the 
equilibrium CuA, + CuB, == 2CuAB. For each pair of diketo- 
compounds examined, as many as possible of the following series 
of determinations have been carried out with benzene as solvent 
at 25°, and for one pair in alcoholic solution: (a) composition of 
the solution at the invariant point (or points) reached with two solid 
phases present; (6) composition of solutions produced by addition 
of known amounts of CuA, in presence of excess of CuB,; (c) the 
reverse of (b); (d) composition of solutions produced by addition of 
known amounts of HB in presence of excess of CuA,; (e) the reverse 
of (d). It has been shown that, except for a region of com- 
paratively high concentration in one case, all the results are 
quantitatively consistent with the above three equations. In two 
cases (HA = benzoylacetone and HB = either acetonedicarboxylic 
ester or acetoacetic ester) solid CuAB can exist in contact with 
solutions containing an excess of CuAg,. 

The values obtained for the equilibrium constants corresponding 
to the equations indicate that the co-ordinating affinity of the 
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$-diketo-compounds in their copper derivatives follows the same 
order as the percentage of enol contained in the pure compounds. 
No evidence was found for the existence of compounds, such as 
CuA,,HB, containing 6-covalent copper. 


Royat Hottoway CoLLEeGce. [Received, September 15th, 1932.] 





404. Cesium Polybromides. 
By I. W. H. Harris. 


CrREMER and Duncan (J., 1931, 1857) found no evidence of the 
existence of any anhydrous polybromide of cesium other than the 
tribromide. Rae (ibid., p. 1578) reported the discovery of the 
tetrabromide, but made only one indirect analysis. Wells and 
Wheeler (Amer. J. Sci., 1892, 44, 43) prepared a cesium penta- 
bromide; the cesium content, however, is more in agreement with 
a tetra- than a penta-bromide. 

An investigation of the system czsium bromide—bromine—water 
has now been made : it fails to reveal any solid higher polybromide 
and indicates that Wells and Wheeler’s pentabromide was probably 
a mixture of the tribromide and bromine hydrate. 


EXPERIMENTAL. 


CsCl, extracted from pollucite by Harned and Schupp’s method (J. Amer. 
Chem. Soc., 1930, 52, 3886), was converted into CsHSO, by evaporating it 
with conc. H,SO, in a Pt dish until the excess of acid was removed and the 








TaBeE I. 
The system CsBr—Br,—-H,O at 25°. 
Composition of liquid phase. Composition of moist solid phase. 

No. CsBr, %. Br,,%. H,O, %. CaBr, %. Br, % H,O, %. 

1 0:00 3-48 96-52 = one a 
2 13°53 11:70 9 74:77 (2’) 32:25 63-28 4:46 (f) 
3 14-55 12-13 73°32 ) (3’) 48-17 40°53 11-30 ) 

4 1457 1212 73-31 6% es * — iq) 
4 34:77 59-20 6-03 (b) 26-20 30:00 43-80 | 

5 20-14 4-26 75-60 29-30 14-00 56-70 (h) 
6 55°51 2-15 42-34 (c) 60-01 10-05 29-94 (i) 
*7 55-23 nme 44-77 oe - AZ 
8 32-08 64-42 3-50 46°91 51-70 1:39 (k) 
. 18-94 81-06 — —- - 


_— 


18-90 16-35 64-75 (d) 
* Determination by Foote (Amer. Chem. J., 1907, 37, 125). 


(a) Invariant A. (b) Invariant B: heavy liquid. (c) Invariant C. 
(¢) Invariant A at 30-6°. (e) Liquid Br present. (f) Two liquids. (g) Solid 
+heavy liquid + aq. liquid. (h) CsBr,. (i) CsBr, + CsBr. (j) CsBr. 
(k) CsBr,. 
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product slightly decomposed. All the sulphate was pptd. by a very slight 
excess of BaBr, aq., the filtrate concentrated, Br added to the ice-cold solution, 
and the pptd. CsBr, filtered off, washed with a little cold H,O, and heated 
gently to give pure CsBr (0-2682 G. gave AgBr, 0-2371 g. Calc.: AgBr, 
0-2369 g.). 

Br of A.R. quality was redistilled from KBr. Mixtures of the required 
compositions were kept in small well-stoppered bottles immersed to the neck 
in a thermostat at 25°, and shaken at intervals until equil. was attained 


Fia. 1. 
CsBr 











The system CsBr-Br,-H,0 at 25°. 

@ Position of invariant liquid at 30-6°. 

B -— Rae’s result. 
(3—4 days). Solids were analysed by the method previously described 
(Harris, this vol., p. 582), with the modification that samples of solutions 
were filtered through asbestos. There was no difficulty in analysing solutions 
rich in Br at this temp. For the dil. solutions, it was more satisfactory to 
drop a sample of the liquid on to solid CsBr in a weighing bottle. The stable 
tribromide was formed immediately, thus sufficiently reducing the cone. of 
Br in the vapour above the solution to eliminate any error in weighing the 
sample due to displacement of air by Br. H,O was removed by embedding 
the bottle in asbestos inside a Ni crucible heated on a sand-bath. The Br in 
the solution was determined separately by weighing the latter into NH,I aq- 
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and titrating the liberated I with (NH,),8,0,;, ammonium salts being used to 
facilitate recovery of the Cs salt. The results are in Table I and shown 
graphically in Fig. 1. In order to secure comparison with Rae’s results, one 
invariant was also determined at 30° (see Fig. 1). 

The results fail to confirm Rae’s observation, and repeated analyses of the 
aq. liquid in a mixture of the same total composition as used by him have failed 
to agree with his result. The solid stated to be CsBr, is a paste of CsBr, 
and Br. 

Repetition of Rae’s loss experiment did not reveal any break in the curve 
corresponding to the comp. of CsBr,, the only break corresponding to CsBr;. 

Since Wells and Wheeler (oc. cit.) considered that a polybromide other than 
the tribromide existed at 0°, the system was examined at thistemp. Mixtures 
were stored in ice, and successive titrations of the solutions showed equilibrium 
to be attained in 15 days. The results are in Table II and Fig. 2. 


TaBLeE IT. 
The system CsBr—Br,-H,O at 0°. 
Composition of liquid phase. Composition of moist solid phase. 

No. CaBr,%. Br, %. H,O, %. CaBr, %. Bry, %. H,O, %. 

1 — 2°31 97-69 _— 55 oe 

2 2-73 4-25 93-02 1-75 17-1 81:15 (d) 

3 4-46 5-69 89-85 18-60 24-50 56-90 

4 4-46 5-74 89-80 | 3°63 31-17 65-22 | 

5 4-48 575 89-77 _[) 1411 40:14 45-75 s(¢) 

6 4-46 5-70 89-84 | 17-11 31-44 51-45 | 

7 5-07 4-80 90-13 22-74 17-80 59-46 

8 6-55 2-97 90-48 34-31 24-94 40-75 

9 10-40 1:66 87-94 ate — — Hh 
10 20-80 1-12 78-06 40-23 23-35 36-42 

1] 38-50 0-83 60-67 47-52 21-45 31-03 

12 45-35 0-81 53-84 (b) 71-25 8-41 20-34 ° (g) 
13 45-00 —- 55-00 — — _ (h) 
14 13-80 86-20 — == — —_ Vuy 
15 20-75 77-43 1-85 31-58 67-42 1-00 f 

16 23-55 73-80 2-65 22-47 65-07 12-46 | 

17 23-45 2-73-75 2-80 | 2401 59-60 16-39 |, 
18 23-60 73-68 2-75 (c) 27-50 66-50 6-00 | J 
19 23-55 73-60 2-85 | 32-33 64-50 3°17 
20 19-14 78-91 1-95 7-70 59-74 32-56 ) 

21 13-18 85-61 1-2] 8-18 71-32 20-50 7; (k) 
22 6-71 92-63 0-66 4-76 76-45 18-79 J 


(a) Invariant A. (6b) Invariant B. (c) Invariant C. (d) Br,,10H,O 
(e) CsBr + Br,,10H,O. (f) CsBr,. (g) CsBr, + CsBr. (h) CsBr. (i) CsBry. 
(j) CsBr, + Br,,10H,O. (k) Br,,10H,O. 


It was suspected that two invariant solutions existed in the vicinity of A 
(Fig. 2), since analyses of different mixtures showed the existence of two 
solutions differing by about 0-5% in Br content. This difference is outside 
the range of experimental error, and was eventually traced to incomplete 
reaction in several mixtures. Temporary cooling to below 0° was carried out 
in order to initiate the separation of Br,,10H,O. Even with the hydrate 
present, however, it was difficult to cause all the Br to react without vigorous 
shaking. This was probably due to globules of Br being intermixed with a 
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mass of fine crystals of CsBr,. The presence of liquid Br would account for 
the increased concen. of it in the liquid phase in several cases. 

The possibility of the existence of a polybromide which would be decomp, 
by excess H,O was examined, but a study of the solutions rich in Br did not 
indicate the existence of any other compound. However, the results provided 
fresh evidence in favour of Br,,10H,O as the comp. of bromine hydrate, since 
the solubility of CsBr in Br leads to the existence of a solubility arc with the 
hydrate as the solid phase. 


Fia. 2. 
CsBr 











H,O Br,,10H,O Br, 
The system CsBr-Br,-H,0 at 0°. 
x Composition of solid isolated by Wells and Wheeler. 


The dark red solid prep. by Wells and Wheeler (loc. cit.) and thought to be 
CsBr, must have been a mixture of CsBr, and Br,,10H,O : it was analysed for 
Cs only and the presence of H,O was not suspected. A repetition of their 
expt. gave a solid with almost the same Cs content as theirs, but analysis by 
the complete method showed the presence of H,O (CsBr, 46-07; Br,, 50-91; 
H,0, 3-02%). The presence of Br,,10H,O accounts for the rapid loss of Br 
after removal of adhering solution. 

A further indication that CsBr, is the only polybromide of Cs existing at 0° 
was obtained by placing a mixture of the tribromide and Br in an isoteniscope 
immersed ‘in ice-cold H,O and proceeding as described by Grace (J., 1931, 
594). As long as the solid was dark red, the press. recorded was very close to 
that of Br itself; immediately after the stage at which it appeared quite dry, 
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the solid turned yellow and the v. p. fell rapidly to a press. too small to be 
measured by thismeans. No intermediate range of const. press. due to another 
compound was found. 


SuMMARY. 


1. The system CsBr—Br—H,O has been examined at 25° and 0°. 

2. The only polybromide of cesium which exists at both tem- 
peratures is the tribromide. 

3. The study at 0° confirms the composition of bromine hydrate 
as Br,,10H,0. 


Thanks are due to Professor H. B. Baker, C.B.E., F.R.S., for his interest 
throughout this work, to Dr. H. F. Harwood for providing the pollucite, and 
to the Department of Scientific and Industrial Research for a grant. 


Royat CoLtiteGEe or ScIENCE, 
Lonpvon, S.W. 7. [Received, September 17th, 1932.] 





405. The Two-component Salt Mixtures of Lead 
Nitrate with Thallium or Silver Nitrate. 


By H. M. Grass, K. Layspourn, and W. M. Maney. 


FREEZING-POINT data for the binary systems Pb(NO,),—-TINO, and Pb(NO;),— 
AgNO, have not hitherto been investigated. 

Pure AgNO, was recryst. from HNO,, fused, and ground to a fine powder. 
TINO,, prep. by dissolving T1,CO, in HNO,, was recryst. thrice. The puri- 
fication of Pb(NO,), and the methods used in determining f. p.’s are described 
in an earlier paper (this vol., p. 874). 


TABLE I. 


Freezing points of mixtures containing Pb(NOs)>. 
[Compositions are expressed as % of Pb(NO;), by wt.) 


Series I. Pb(NO,), with AgNO. Series II. Pb(NO;), with TINO. 
Pb(NO;),, Pb(NOs),, Pb(NO;),, Pb(NO;),, 

%. F. p. %. F. p. %. F. p. %. F. p. 
0-0 209-5° 12-0 230-9° 0-0 206-2° 16-0 185-5° 

2-5 208-2 15-0 249-8 25 203-1 17-0 192-6 

5-0 205-4 20-0 278-7 5-0 197-8 20-0 214-2 

75 201-2 25-0 302-2 75 192-0 25-0 247-1 

(E,) 8-5 200-2 30-0 323-6 10-0 186-0 30-0 279-1 
9-0 206-2 35-0 342-5 12-0 181-3 35-0 306-9 
10-0 215-7 40-0 359-3 13-0 179-1 40-0 335-6 
11-0 223-3 140 176-9 45-0 357-1 
(E,) 14-7 175-5 50-0 378-0 

15-0 177-0 


E, and E, = Eutectic compositions. 





The results (Table I and Fig. 1) show that each system is of the simple 
eutectic type within the limits of comp. indicated. Decomp. of Pb(NO;), 
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limits investigation to mixtures containing 50% TINO, (f. p. 378-0°) and 60% 
AgNO, (f. p. 359-3°) in the respective systems. The existence of limiting 
mixtures in these two systems is analogous to the behaviour of Pb(NQs), in 
KNO, or NaNO, (loc. cit.), and the relation between decomp. temp. and comp. 


Fie. 1. 


Freezing point-composition diagrams for the systems Pb(NO;).-AgNO, and 
Pb(NO,),-TINO,, with a decomposition temperature-composition diagram for the 
system Pb(NO,),-TINOg. 
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Pb(NO,)., % by weight. 


(1) System Pb(NO,),-AgNO,. 
(2) System Pb(NO,),-TINO,. 


has been found to be similar in type in the system TINO,—Pb(NO;), to that 
in the systems Pb(NO,;),-KNO, and Pb(NO,),—-NaNO,. 

The rise in decomp. temp. with decrease of Pb(NO,), content is shown in 
Fig. 1 (AB) and the intersection of BA with the f. p. curve EA defines the 
limiting mixture. The deflexion of AB in the neighbourhood of B is caused 
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by the decomp. of TINO , which occurs at 380° with the pure salt (cf. Thomas, 
Compt. rend., 1904, 188, 1697, who reports vigorous decomp. at 450°, with 
evolution of nitrous fumes). 


ARMSTRONG COLLEGE, UNIVERSITY OF DURHAM, 
NEWCASTLE-UPON-TYNE. (Received, September 30th, 1932.] 





406. The Nitration of 3-Methoxyacenaphthenequinone 
and 2-Methoxynaphthalic Anhydride. 


By R. I. Davies, I. M. Hemsron, and F. Irvine. 


WHEREAS 4-nitronaphthalic anhydride is obtained when acenaphth- 
enequinone is nitrated and then oxidised with chromic acid (Rowe 
and Davies, J., 1920, 117, 1344; Mayer and Kaufmann, Ber., 1920, 
53, 289), the nitration of naphthalic anhydride itself gives the 3-nitro- 
isomeride (Graebe and Briones, Annalen, 1903, 327, 84). By the 
nitration of 3-methoxyacenaphthenequinone (I) we have obtained 
a mononitro-derivative, m. p. 264—265°, which on oxidation with 
potassium dichromate in glacial acetic acid yields a nitromethoxy- 
naphthalic anhydride, m. p. 297—298°, identical with that obtained 
by the direct nitration of 2-methoxynaphthalic anhydride itself, a 
result indicating that the substitution reaction is controlled in both 
cases by the methoxy] in the £-position. 

In order to establish the position taken up by the nitro-group in 
the naphthalene nucleus an attempt was made to remove the 
carboxy] radicals by distilling the nitromethoxynaphthalic anhydride 
with soda-lime, but under these conditions extensive decomposition 
took place. The desired result was, however, achieved in stages. 
By application of the mercuration process of Leuck, Perkins, and 
Whitmore (J. Amer. Chem. Soc., 1929, 51, 1831) a single nitrometh- 
oxynaphthoic acid, m. p. 240-—241°, was first produced, from which, 
by heating in boiling quinoline in presence of copper-bronze accord- 
ing to the method applied by Sheppard, Winslow, and Johnson 
(J. Amer. Chem. Soc., 1930, 52, 2083) to derivatives of furoic acid, 
6-nitro-2-methoxynaphthalene was obtained (Davis, Chem. News, 
1896, 74, II, 302). It thus follows that the nitration of 3-methoxy- 
acenaphthenequinone and 2-methoxynaphthalic anhydride gives 
respectively 7-nitro-3-methoxyacenaphthenequinone (II) and 6-nitro-2- 
methoxynaphthalic anhydride (III). 

The mercuration process was also applied to 2-methoxy- 
naphthalic anhydride itself, and led to the sole production of 
7-methoxy-l-naphthoic acid in excellent yield. It may be con- 
cluded, therefore, by analogy that the decarboxylation of 6-nitro- 
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2-methoxynaphthalic anhydride by means of mercury leads to 
3-nitro-7-methoxy-1-naphthoic acid (IV). 


CO-CO aide 


| | | 
ns mare Ln OMe «ry 
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‘ 2 2 


EXPERIMENTAL. 


2-Methoxynaphthalic anhydride, previously obtained by Dziewonski and 
Koewa (Chem. Abstracts, 1929, 28, 2435) from acenaphthene-3-sulphonic acid, 
was prepared from 3-methoxyacenaphthenequinone (Staudinger, Goldstein, 
and Schlenker, Helv. Chim. Acta, 1921, 4,342). The quinone (15 g.) was boiled 
in suspension with K,Cr,0, (15 g.) in AcOH (150 c.c.) under reflux for 1} hr. 
The product crystallised from AcOH or HNO, (d 1-4) in colourless needles, 
m. p. 255° (yield, 85%) (Found : C, 68-5; H, 3-6. Calc. for C,;H,O, : C, 68-4; 
H, 3-5%). 
7-Methoxy-1-naphthoic Acid.—A solution of sodium 2-methoxynaphthalate, 
prepared by dissolving the anhydride (10-3 g.) in H,O (220 c.c.) containing the 
calc. amount of NaOH, was treated with HgO (10 g.) dissolved in 20% AcOH 
(27-5 c.c.), and the resulting suspension was boiled under reflux until the solid 
product was completely sol. in cold alkali (100 hr.). The resulting 8-hydroxy- 
mercuri-7-methoxy-l-naphthoic anhydride (16 g.) was washed with H,0, 
dissolved in the min. amount of dil. NaOH aq., and the filtered solution stirred 
with excess of 3N-HCl (300 c.c.) on the water-bath for 3 hr. The crude 
7-methoxy-1-naphthoic acid crystallised from EtOH aq. in colourless needles 
(7 g.), m. p. 167—168° (Found: C, 71-9; H, 4-8. Cale. for C,,H,,0,;: C, 
71:3; H, 4-9%). 
qt 7-Hydroxy-1-naphthoic Acid.—A suspension of the methoxy-acid. (10 g.) 
in cone. HCl (400 c.c.) was heated under reflux with stirring for 3 hr. The 
i hydroxy-acid separated from the cooled solution and crystallised from H,O 
in needles, m. p. 253—254° (cf. Royle and Schedler, J., 1923, 123, 1641). 
8-Bromo-7-methoxy-1-naphthoic Acid.—A suspension of 8-hydroxymercuri- 
7-methoxy-1-naphthoic anhydride (6 g.) in boiling AcOH (80 c.c.) was treated 
with a solution of Br (2-8 g.) in NaBr aq., the excess of Br destroyed with 
bisulphite, and the solution cooled. The bromo-acid crystallised from EtOH 
aq. in pale yellow needles (2-5 g.), m. p. 195° (decomp.) (Found: Br, 27°9. 
C,,H,O,Br requires Br, 28-5%). 
7-Nitro-3-methoxyacenaphthenequinone (II).—A solution of 3-methoxyace- 
naphthenequinone (10 g.) in conc. H,SO, (50 ¢.c.) was treated with a mixture 
of HNO, (d 1-51; 2c.c.) and H,SO, (4 c.c.) during 1 hr. at 10°. After 1 hr.’s 
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warming at 30° the solution was poured into ice-water, and the product re- 
eryst. from AcOH. 7-Nitro-3-methoxyacenaphthenequinone formed dark 
yellow needles, m. p. 264—265°, very sparingly sol. in the common org. 
solvents (Found: N, 5-6. C,,H,0,N requires N, 5-4%). 
6-Nitro-2-methoxynaphthalic Anhydride (III).—(a) 7-Nitro-3-methoxyace- 
naphthenequinone, oxidised by the method given for the prepn. of 2-methoxy- 
naphthalic anhydride, gave a product which had m. p. 288—289° even after 
repeated crystn. from both AcOH and HNO, and for complete purification 
required partial pptn. from Na,CO, aq. and crystn. from conc. HNO,. 

(b) 2-Methoxynaphthalic anhydride in conc. H,SO, was treated with 1 mol. 
of fuming HNO, or KNO, under similar conditions to those employed in the 
nitration of 3-methoxyacenaphthenequinone. 6-Nitro-2-methoxynaphthalic 
anhydride crystallised from conc. HNO, in almost colourless needles, m. p. 
297—298° (Found : C, 57-3; H, 2:7; N, 5-0. C,,;H,O,N requires C, 57-15; 
H, 2-6; N, 5-1%). 

3-Nitro-7-methoxy-1-naphthoic acid, prepared by the mercuration method as 
described under 7-methoxy-l-naphthoic acid, crystallised from EtOH aq. 
in brown needles, m. p. 240—241° (Found: N, 5-9. ©,,H,O,;N requires N, 
5-7%). 

6-Nitro-2-methoxynaphthalene—When a solution of 3-nitro-7-methoxy-1- 
naphthoic acid (1 g.) in dry boiling quinoline (1 c.c.) was treated with copper- 
bronze (0-5 g.), a violent evolution of CO, immediately commenced. After 
15 min,’s heating, the mixture was cooled, taken up in Et,0, and the solution 
washed with dil. HCl and then with Na,CO, aq. and H,O. The solid obtained 
after removal of solvent was repeatedly crystallised from EtOH aq., and the 
pure ether obtained in yellow needles, m. p. 134° (Found: N, 6-8. C,,H,O,N 
requires N, 6-9%). The nitromethoxynaphthalene was reduced with Sn and 
HCl, and the product acetylated, 6-acetamido-2-methoxynaphthalene, m. p. 
183°, being obtained (cf. Davis, loc. cit.). 


The authors thank Imperial Chemical Industries Ltd. for a grant. 
THE UNIvEerRsiTy, LIVERPOOL. [Received, September 10th, 1932.] 





407. Synthesis of Alkylphenanthrenes. Part IV. 
7-Methyl-\-ethyl- and 1-Ethyl-7-isopropyl-phen- 
anthrenes : Constitution of Abietic and d-Pimaric 


Acids. 
By R. D. Haworrs. 


In previous communications (this vol., pp. 1784, 2248) it has been 
shown that methylpimanthrene obtained from d-pimaric acid is not 
identical with 1: 4:7-,1:2:7-,1:3:7-, or 1:6: 7-trimethylphen- 
anthrene. The remaining | : 5: 7-structure appeared improbable, 
as it would involve a structure for d-pimaric acid inconsistent both 
with the isoprene rule and with the properties of the acid. It has 
been assumed previously that methylpimanthrene and methylretene 
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are trimethyl- and dimethylisopropyl-phenanthrenes, but their pro- 
perties are equally concordant with the view that the two substances 
are methylethyl- and ethylisopropyl-phenanthrene respectively. 

7-Methyl-l-ethyl- and 1-ethyl-7-isopropyl-phenanthrene have 
therefore been synthesised by methods employed for the preparation 
of similar substances (loc. cit.). The former hydrocarbon, its picrate, 
quinone and quinoxaline correspond with methylpimanthrene from 
d-pimaric acid (Ruzicka and Ballas, Helv. Chim. Acta, 1924, '7, 875) 
and the latter hydrocarbon, its quinone and quinoxaline correspond 
with methylretene (Ruzicka and Meyer, ibid., 1922, 5, 581). 

These results are difficult to explain with the formule hitherto 
suggested (Ruzicka and collaborators, ibid., 1931, 14, 545; 1932, 
15, 915) and formule (I) and (V) or (V1) (which neglect the position 
of the ethylenic linkages) are now suggested for abietic and d-pimaric 
acid respectively. Formula (II), though readily accounting for the 
production of 1-ethyl-7-isopropylphenanthrene, fails in many 
respects ; ¢.g., it cannot be constructed from isoprene units and it 


Mt 3 ) wos 
Me . 
(I.) Fg Nudes . (II.) 
; ‘+00,  \CH,CO,H 


Pts) 
Me J Me uy 


does not give a satisfactory explanation of the oxidation products, 
C,.H,,0, and C,,H,,.0,, obtained from both abietic and d-pimaric 
acid (Ruzicka and collaborators, loc. cit.). Formula (1), on the other 
hand, is constructed from isoprene units and leads to structures (II]) 
and (IV), which are in agreement with the properties of the products 
C,,H,,0, and C,,H,,0, respectively. Further, (1) represents abietic 
acid as a tertiary carboxylic acid, thus wernt: for its resistance 


Me, CO,H ACOH 
\ ‘DT wo 
(IIT.) Cis Oras G0, H (IV.) 
| 2 
Me 


to esterification and the loss of carbon monoxide and hydrogen 
chloride by the action of heat on the acid chloride (Levy, Ber., 1906, 
39, 3043). 

The production of 1-ethyl-7-isopropylphenanthrene from (I) 
involves the migration of a carbon atom from the nucleus to the 
side chain at some stage during the following series of operations: 


. Na+ PO E- POl, es ike 
Ethyl abietate or” abietinol —> methylabietin —-> methyl- 


retene, and it is probable that the migration occurs during the de- 
hydration of abietinol. The new structure for abietinol (I, with 
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CH,°OH instead of CO,H) readily accommodates a Wagner—Meer- 
wein transformation, which occurs, either partly or completely, 
during the dehydration of such tertiary carbinols (cf. Ingold, J., 
1923, 123, 1706; Whitmore, J. Amer. Chem. Soc., 1932, 54, 3274). 
Further, the alternative, that the migration occurs during the de- 
hydrogenation of methylabietin, is very improbable, as according 
to this view methylabietin contains a gem-dimethyl group, and a 
methyl group is eliminated when such substances are dehydrogen- 
ated (see Ruzicka and Rudolph, Helv. Chim. Acta, 1927, 10, 915). 
Abietinol loses the CH,°OH group on sulphur treatment, in agree- 
ment with the views now advanced. 


CH:CH, 
Y\\|7 M 
Me; a os CH,!CH 
AA Xo N25 
ma Fart 


Similar arguments apply to d-pimaric acid. A structure similar 
to (II) is excluded and the formule (V) and (VI), consistent with the 
isoprene rule and the properties of d-pimaric acid, are now suggested. 


EXPERIMENTAL. 


The y-naphthyl-A’-hexenoic acid derivatives, obtained in 85 and 90% yields 
by condensing MgEtI with methyl f-(6-methyl-2-naphthoyl)- and methyl 
8-(6-isopropyl-2-naphthoyl)-propionate * respectively, were solids which 
readily changed to resinous lactones. The crude acids were reduced with 
red P and HI, and the products cyclised with 85% H,SO, in the usual manner. 
4-Keto-7-methyl-l-ethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene, obtained in 50% 
yield, was an oil, b. p. 231—233°/12 mm., yielding a semicarbazone which 
separated from EtOH in colourless nodules, m. p. 198—200° (Found: N, 14:1. 
C,,H,,ON, requires N, 14:2%). 4-Keto-l-ethyl-7-isopropyl-1 : 2: 3 : 4-tetra- 
hydrophenanthrene, obtained in 60% yield, was an oil, b. p. 248—250°/19 mm., 
yielding a semicarbazone which separated from EtOH in large colourless 
prisms, m. p. 225—226° (Found: N, 12-9. C,9H,,ON,' requires N, 13-0%). 
The cyclic ketones were reduced almost quantitatively by Clemmensen’s 
method, and the products dehydrogenated by heating with Se at 300—320° 
for 24 hr. 7-Methyl-l-ethylphenanthrene, obtained in 60% yield, crystallised 
twice from EtOH, yielded colourless plates, m. p. 81° (Found: C, 92-6; 
H, 7-4. Cale.: C, 92:7; H, 7-°3%). The picrate crystallised from MeOH in 
long yellow needles, m. p. 115—116° (Found: N, 9-4. Cale.: N, 9-3%), 
the quinone from EtOH in orange plates, m. p. 154—155° (Found: C, 81-6; 
H, 5-7. Cale.: C, 81-6; H, 56%), and the quinoxaline from AcOH in cream- 





* 6-isoPropyl-2-naphthoic acid, previously described as an amorphous 
solid (this vol., p. 1791), has now been obtained in colourless prisms, m. p. 
182—183°, from aq.MeOH (Found: equiv., 216. Cale. for C,,H,,0;: 
equiv., 214). The m. p. of the methyl ester is given incorrectly as 109— 
110° instead of 69—70°. 
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coloured needles, m. p. 154° (Found: N, 88. 
and Ballas (loc. cit.) give 81°, 115°, 154°, and 154° as m. p.’s of methylpim- 
anthrene, its picrate, quinone, and quinoxaline respectively. 1-Ethy]-7-iso- 
propylphenanthrene, obtained in 55% yield, crystallised from EtOH in colour- 
less plates, m. p. 79° (Found: C, 91-8; H, 8-3. Cale.: C, 91-9; H, 81%), 
The picrate separated from EtOH as a yellow ppt., m. p. 101—104°, which 
dissociated on heating and on attempted crystn. from EtOH. The quinone 
crystallised from EtOH in deep orange plates, m. p. 147° (Found: C, 81-7; 
H, 6-7. Cale.: C, 82-0; H, 65%), and the quinoxaline from AcOH in very 
pale yellow needles, m. p. 165—166° (Found: N, 8-2. Cale.: N, 8-0%), 
Ruzicka and Meyer (loc. cit.) give 79°, 147°, and 165° as the m. p.’s of methyl- 
retene, its quinone and quinoxaline respectively and state that the picrate is 
unstable. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, September 13th, 1932.] 





408. Synthesis of Alkylphenanthrenes. Part V. 
9-Methyl-, 1: 9-Dimethyl-, and 1: 2 : 8-T'rimethyl- 
phenanthrenes. 

By R. D. Haworrts and C. R. Mavin. 


1-METHYLNAPHTHALENE reacted in nitrobenzene solution in the 
presence of aluminium chloride with acetyl chloride and succinic 
anhydride to yield 4-methyl-l-naphthyl methyl ketone and §-(4- 
methyl-1-naphthoyl)propionic acid respectively. These substances, 
unlike similar substances described in earlier parts of this series, on 
fusion with potassium hydroxide, underwent fission between the 
ketonic group and the naphthalene nucleus, but their conversion 
into 4-methyl-l-naphthoic acid on boiling with sodium hypochlorite 
solution established their constitutions. {-(4-Methyl-l1-naphthoyl)- 
propionic acid was unusually resistant to reduction by Clemmensen’s 
method, but the methyl ester was readily reduced and hydrolysed 
in this way. The reduction product was converted into 9-methyl- 
phenanthrene and 1 : 9-dimethylphenanthrene by methods developed 
for similar cases in previous communications in this series. 

The primary object of this work was to prepare derivatives of 
l-methylnaphthalene with a normal chain of four carbon atoms 
attached to the unsubstituted nucleus, and to utilise these sub- 
stances for the synthesis of alkylphenanthrenes. Preliminary 
attempts to condense 4-bromo-l-methylnaphthalene with succini¢ 
anhydride were unpromising and finally 5-amino-1-methyinaphth- 
alene was prepared by a slight modification of the method employed 
by Vesely, Stursa, Olejnitek, and Rein (Coll. Czech. Chem. Comm., 
1929, 1,493). This amine was-converted by the Sandmeyer reaction 
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into 5-cyano-1-methylnaphthalene, which reacted with methyl- 
magnesium iodide in boiling toluene solution to yield 5-methyl-1- 
naphthyl methyl ketone. The oily w-bromo-derivative of this ketone 
condensed with ethyl sodiomethylmalonate, and the product, after 
hydrolysis and heating at 160°, yielded 8-(5-methyl-1-naphthoyl)iso- 
butyric acid (I). The acid (I) was reduced and converted into 1-keto- 


Me Me 
(I.) (IL.) 


CO-CH,-CHMe-CO,H ne ao 
2 e 


2 

2 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (II), which was con- 
densed with methylmagnesium iodide in ethereal solution, and the 
resultant carbinol converted into 1 : 2 : 8-trimethylphenanthrene by 
heating with selenium. The properties of this hydrocarbon, its 
picrate, quinone, and quinoxaline correspond with those recorded 
for the methylpimanthrene and its derivatives which Ruzicka and 
Hosking (Helv. Chim. Acta, 1931, 14, 203) obtained from isoagathic 
dicarboxylic acid, and the constitution — by these authors 
is therefore confirmed. 


EXPERIMENTAL. 
p-(4-Methyl-1-naphthoyl)propionic acid, obtained in 80% yield from 1-methyl- 
naphthalene and succinic anhydride, crystallised from MeOH or AcOH in long 
needles, m. p. 168—169° (Found: equiv., 239. C,,H,,0, requires equiv., 
242), The semicarbazone crystallised from 70% AcOH in colourless needles, 
m. p. 202—-203° (Found: N, 13-6. C,,H,,0,N; requires N, 14:0%). The 
methyl ester, b. p. 196—198°/0-2 mm., crystallised from MeOH in stout prisms, 
m. p. 45—47° (Found: C, 75-3; H, 6-2. C,,H,,0, requires C, 75-0; H, 6-3%). 
The keto-acid (1 g.) was boiled for } hr. with 10% NaOH aq. (100 c.c.) con- 
taining Cl (from 2-1 g. KMnO, and 15 c.c. cone. HCl), the filtered solution 
saturated with SO,, and the solid collected and crystallised from AcOH. 
Needles, m. p. 175—176°, were obtained, which gave no depression in m. p. 
with 4-methyl-l1-naphthoic acid prepared by Mayer and Sieglitz’s method 
(Ber., 1922, 55, 1839). 
1-Keto-9-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene.—The methy] ester (5-1 g.) 
of the above keto-acid was reduced by Clemmensen’s method, and the product 
(4 g.) cyclised in the usual manner. The cyclic ketone (2-4 g.) was purified by 
distillation at 0-2 mm. and crystallised from light petroleum (b. p. 60—80°) 
in stout prisms, m. p. 74—75° (Found: C, 85°5; H, 6-9. C,,H,,0 requires 
C, 85-6; H,6-7%). The semicarbazone crystallised from 75% AcOH in slender 
prisms, m. p. 255—257° (Found: N, 15-6. C,,H,,ON; requires N, 15-7%). 
9-Methylphenanthrene, obtained in 40% yield from the cyclic ketone on 
reduction by Clemmensen’s method and dehydrogenation of the product with 
Se at 290—300°, crystallised from EtOH in stout prisms, m. p. 90—91° 
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(Found: C, 93-6; H, 6-3. Cale.: C, 93-7; H, 6-3%). The picrate crystal. 
lised from MeOH in orange needles, m. p. 153° (Found: N, 10-1. Cale.: 
N, 10-0%). Windaus, Jensen, and Schramme (Ber., 1924, 57, 1877) give 
90—91° and 153° respectively. 

1 : 9-Dimethylphenanthrene, obtained in 50% yield by dehydrogenating the 
product of the action of MgMelI on the cyclic ketone, crystallised from EtOH 
in slender prisms, m. p. 87—-88° (Found: C, 93-1; H, 6-9. C,,H,, requires 
C, 93-2; H, 68%). The picrate crystallised from MeOH in orange-red needles, 
m. p. 160° (Found: N, 9-6. C,,H,,0,N; requires N, 9-7%). 

4-Methyl-\1-naphthyl Methyl Ketone.—AcCl (7 c.c.) was gradually added with 
cooling to a solution of 1-methylnaphthalene (10 g.) and AICI, (19 g.) in PhNO, 
(75 c.c.). After 24 hr., dil. HCl was added, the PhNO, removed in steam, and 
the residue extracted with C,H,, dried, and fractionated. The fraction (11-2 
g.), b. p. 175—180°/15 mm., was treated with picric acid (15 g.) in MeOH, and 
after several crystns. the picrate (15-2 g.) was obtained in small yellow needles, 
m. p. 101—102° (Found: N, 10-3. C,,H,,;0,N, requires N, 10-2%). The 
ketone, regenerated from the picrate by’ the action of warm NH, aq., was an 
oil, b. p. 174—175°/15 mm., which gave an oily w-bromo-derivative. 

5-Amino-1-methylnaphthalene.—This was prepared essentially by Vesely, 
Stursa, Olejniéek, and Rein’s method (loc. cit.), but the desulphonation was 
modified. 4% Na amalgam (188 g.) was added to a solution of 5-amino-1- 
methylnaphthalene-4-sulphonic acid (25 g.) in N-NaOH (425 c.c.) and H,0 
(575 ¢c.c.) and after 1 hr.’s heating on the water-bath the base was distilled in 
steam, extracted with C,H,, dried, and the hydrochloride (17-9 g.) pptd. by 
HCl. 

5-Cyano-1-methylnaphthalene.—5-Amino-1-methylnaphthalene hydrochlor- 
ide (5 g.) in suspension in H,O (100 c.c.) and conc. HCl (7-5 c.c.) was diazotised 
at — 5° (NaNO,, 3-5 g.; H,O, 20 c.c.), the solution run into warm CuCN 
(CuSO,,5H,O, 11-5 g.; KCN, 15 g.; H,O, 100 c.c.), and the mixture distilled 
in steam for 6 hr.* From the distillate, Et,O0 extracted 5-cyano-1-methyl- 
naphthalene, which crystallised from light petroleum (b. p. 60—80°) in colour- 
less prisms (1-5 g.), m. p. 92—93° (Found: N, 8-6. C,,H,N requires N, 8-4%). 

5-Methyl-1-naphthyl Methyl Ketone——The above nitrile (3-3 g.) in C,H, 
(40 c.c.) was treated with MgMelI (Mg, 0-75 g.; Mel, 2 c.c.; Et,O, 20 c.c.), 
the ether removed on the water-bath, and the residue boiled gently for 3 hr. 
Dil. H,SO, was added, the C,H, layer dried, the solvent removed through 4 
column, and the residue distilled under reduced press. The ketone (2-5 g.), 
b. p. 182—184/19 mm., crystallised from light petroleum (b. p. 40—60°) in 
colourless plates, m. p. 44—46° (Found: C, 84:7; H, 6-6. C,,H,,0 requires 
C, 84-8; H, 6-5%). 

B-(5-Methyl-1-naphthoyl)isobutyric Acid (I).—A solution of Br (1-5 c.c.) in 
CCl, (10 c.c.) was added with cooling to the above ketone (5 g.) dissolved in 
CCl, (15 c.c.). After 12 hr., HBr was removed in a stream of dry air, and the 
CCl, under diminished press. The oily residue, which did not crystallise from 
C,H,, Et,O, or light petroleum, was added to ethyl sodiomethylmalonate 
(ethyl methylmalonate, 7-2 g.; ‘‘ molecular’’ Na, 1 g.; C,H,, 70 ¢.c.), and 
the mixture refluxed for 12 hr. After addition of dil. HCl, the C,H, layer was 





* At this stage the distillation flask contained a black tar which slowly 
yielded nitrile on prolonged distillation. Superheated steam at 140° did not 
hasten the distillation appreciably. 
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separated, the solvent removed, the residue hydrolysed with warm methyl- 
alc. KOH, diluted with H,O, and MeOH removed. Non-acidic impurities 
were removed in Et,O, the alkaline layer was acidified, and the malonic acid 
derivative, isolated in Et,0, was heated at 160° for 2 hr. The crude keto- 
acid (I) was boiled with methyl-alc. HCl for 2 hr., and the methy] ester, isolated 
in Et,0, distilled. The fraction (3-2 g.), b. p. 196—199°/0-2 mm., hydrolysed 
with methyl-ale. KOH, yielded the keto-acid (I), which, cryst. from AcOH 
and then from MeOH, was obtained in colourless rectangular plates, m. p. 
160—161° (Found: equiv., 254. C,,H,,0, requires equiv., 256). 

1-Keto-2 : 8-dimethyl-1 : 2: 3: 4-tetrahydrophenanthrene (II), prepared in 
55% yield by reduction of the above keto-acid by Clemmensen’s method and 
cyclisation of the product in the usual way, was purified by distillation at 
0-2 mm. and crystn. from light petroleum (b. p. 60—80°), giving colourless 
plates, m. p. 108—109° (Found: C, 85-4; H, 7-3. C,,H,,O requires C, 85-7; 
H, 7:1%). The semicarbazone crystallised from EtOH in colourless nodules, 
m. p. 256—258° (decomp.) (Found: N, 15-1. ©,,H,,ON, requires N, 149%). 

1; 2: 8-Trimethylphenanthrene, prepared in 60% yield by condensing the 
ketone (II) with MgMelI in Et,O and heating the product with Se at 300—320° 
for 24 hr., crystallised from EtOH in plates, m. p. 144—145° (Found: C, 92-7; 
H, 7-3. Cale.: C, 92-7; H, 7:°3%). The picrate crystallised from EtOH in 
long slender orange-red needles, m. p. 163° (Found: N, 9-4. Cale.: N, 9:3%), 
the quinone from EtOH or better from AcOH in slender orange prisms, m. p. 
196—197° (Found: C, 81-5; H, 5-8. Cale.: C, 81:6; H, 56%), and the 
quinoxaline from EtOH-—CHCI, or AcOH in very pale yellow needles, m. p. 
131—132° (Found: N, 8-8. Cale.: N, 8-7%). Ruzicka and Hosking (loc. 
cit.) give 142—143°, 161—163°, 194°, and 131—132° as m. p.’s of methyl- 
pimanthrene, its picrate, quinone, and quinoxaline respectively. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, September 20th, 1932.] 





409. The Complete Optical Resolution of 
Chloroiodomethanesulphonic Acid. 


By JoHn Reap and Ann M. McMartu. 


Tue exhibition of optical activity by a substance containing only 
one carbon atom in its molecule was first demonstrated in 1914 by 
Pope and Read (J., 105, 811), who prepared specimens of ammonium 
d- and I-chloroiodomethanesulphonate having maximum rotatory 
powers in dilute aqueous solution of [M];4., + 43-7° and — 29-5°, 
respectively. The optical resolution was admittedly incomplete, 
but the work had to be discontinued. It has since been shown 
that chloroiodomethanesulphonic acid is of unusual interest among 
simple asymmetric compounds because of its pronounced optical 
stability (cf. Read and McMath, J., 1925, 127, 1572; 1926, 2183, 
2192; 1927, 537). These later researches included a comparison 
of the molecular rotatory powers of a series of similarly constituted 
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compounds, and showed the necessity of establishing standard 
values for the chloroiodomethanesulphonates. 

Through the courtesy of Prof. Sir William Pope, who kindly 
placed some valuable material at our disposal, we were enabled to 
carry the optical resolution of chloroiodomethanesulphonic acid to 
completion. The maximum values now recorded, [M]g54., + 46-5° 
and — 46° in dilute aqueous solution, for ammonium d- and I. 
chloroiodomethanesulphonate, respectively, are in close correspond- 
ence, and the enantiomorphous character of the two salts thereby 
becomes manifest. The purest specimen of the d-salt prepared by 
Pope and Read contained about 4% of its antimeride. When an 
equivalent of sulphuric acid was added to a solution of pure am- 
monium d-chloroiodomethanesulphonate, the value fell to + 34°; 
a similar and more pronounced decline is shown by chloroiodo- 
acetic acid (J., 1927, 543), while chlorosulphoacetic acid shows a 
reverse change (J., 1926, 2193). These variations are perhaps due 
to the different rotatory powers of the ionised and un-ionised mole- 
cules of the acids. 

The diastereoisomeric strychnine chloroiodomethanesulphonates 
give abnormal rotatory powers in dilute aqueous solution, particu- 
larly when present together; and neither of them can be purified 
from large or small admixtures of the other by repeated fractional 
crystallisation from water. While this base is inapplicable in the 
optical resolution of the acid, a study of the diastereoisomeric 
hydroxyhydrindamine salts* showed that they have markedly 
different solubilities and exhibit normal rotatory powers in dilute 
aqueous solution ; the indications obtained by Pope and Read (loc. cit., 
p. 816) that this base, unlike stryclinine, might be used to achieve 
the complete optical resolution of the acid are thus borne out. 

The resolution is effected most conveniently, however, by re- 
peated fractional precipitation of the acid with brucine, as indicated 
by Pope and Read; it is shown below that both of the antimerides 
may be obtained in this way with unsuspected ease, four or five 
series of operations being usually sufficient, even for isolating the 
second form. The data indicate that throughout the process 
brucine d-chloroiodomethanesulphonate is preferentially deposited 
from the aqueous reaction mixture, and that the separation of the 
two salts is remarkably well defined. The two salts crystallise 
more slowly from glacial acetic acid than from water, and may also 
be prepared by mixing solutions of the appropriate ammonium 
salt and brucine acetate in hot glacial acetic acid. 

* The values quoted by us for these salts in a communication dealing with 


the optical resolution of chlorobromomethanesulphonic acid (J., 1925, 127, 
1578) are now shown to apply to the optically pure substances. 
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Further experiments on the racemisation of optically active 
chloroiodomethanesulphonates have confirmed the original state- 
ments of Pope and Read concerning their pronounced optical 
stability. Although it is now shown that considerable racemisation 
occurs in the presence of a large excess of concentrated ammonia 
and other alkalis, a very much greater racemising effect is exerted 
by small proportions of these reagents upon chloroiodoacetic acid 
(J., 1927, 543). The replacement of the group ~-CO,H by ~SO,H 
thus increases the optical stability in this series; at the same time 
the value of [M], for the ammonium salts in dilute aqueous solution 
declines from +- 60° to + 36°. 


EXPERIMENTAL. 

Derivatives of d-Chloroiodomethanesulphonic Acid.—Optically impure 
ammonium d-chloroiodomethanesulphonate (16-1 g., [a]s4¢; + 9°2°), prepared 
according to Pope and Read (loc. cit., p. 818), was dissolved in hot H,O (500 
c.c.); 80% of the calc. amount of a hot, conc. aq. solution of brucine sulphate 
was then added quickly, with stirring. A cryst. separation began in about 
2 sec., and after the mixture had cooled the brucine salt was collected and 
washed with cold H,O. The brucine was completely eliminated by shaking 
the salt for a few hrs. at room temp. with a mixture of CHCl, and the calc. 
quantity of very dil. aq. NH;. The aq. solution, when washed with CHCl, 
and evaporated to dryness on the water-bath, gave ammonium d-chloro- 
iodomethanesulphonate (12-8 g.) having [a]s4g, -+ 12:8° (ec = 1, in H,0O). 
Three successive repetitions of this process, starting with the salt having 
[a]p +12-8°, yielded further specimens of NH, salt with [a],4g, ++ 16°1° (10-2 
g-), + 16-7° (8-2 g.), and + 16-7° (6-5 g.). When recryst. from the min. 
amount of hot abs. EtOH, the last fraction gave large colourless plates with 
[a]sae, + 17-°0°; a@ slight insol. residue consisted of (NH,),SO,. Finally, 
an alc. solution was evaporated almost to crystallising point and then diluted 
with hot acetone: small glistening plates separated, having [a]s4g, + 17:0°. 
Opalescence on addition of acetone denotes the presence of traces of (NH,),50O,. 
The rotatory power of the salt was unaffected by further crystn. 

Pure ammonium d-chloroiodomethanesulphonate melts at 229—230° (decomp.). 
It is moderately sol. in boiling glac. AcOH, from which it crystallises in glisten- 
ing plates (Found: NH,, 6-2. CHO,CIIS-NH, requires NH;, 6-2%). In 
1% aq. solution (1 = 2; room temp., ca. 15°) it gave [a]sqg, + 17°0°, [M] sae: 
+ 46°5°; [a]p + 13-2°, [M]p + 36°. A 1-25% solution in abs. EtOH gave 
[@]sacy + 20°9°, [M1 ]egg, + 57°; [a]p + 16-9°, [IM], + 46°. When an equiv. 
of H,SO, was added to 0-2008 g. of the NH, salt, the resulting solution (20-0 
¢e.c.) of free d-chloroiodomethanesulphonic acid [in presence of (NH,),8O,] 
BAVC gag, + 025°, [a]geg, + 13°3°, [M]gen. + 34°; ap + 0°19°, [a] 
+ 10-1°, [M]p + 26°. 

The Ba salt crystallised from hot H,O in small glistening leaflets; it under- 
went no loss of weight at 110°, and in 1% aq. solution had [a]gq,, + 14-0°, 
[a}p + 11-0°. 

Strychnine d-chloroiodomethanesulphonate was pptd. as an oil upon mixing 
hot aq. solutions of equiv. wts. of the free acid and base; it formed glistening 
anhyd. prisms from aq. EtOH or rectified spirit (Found: C, 44:7; H, 4°3. 
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C2H,,0O;N,CIIS requires C, 44-7; H, 4:1%). A 1:5% aq. solution of the 
optically pure salt gave [a]s4g, — 16-6°, [M]s4g, — 98°; [a]p — 14°6°, [M], 
— 86°. The crude strychnine salt prep. from a NH, salt with [M];4,., + 35° 
gave [M],4., — 97°, the calc. value in dil. aq. solution being — 106°; the 
rotatory power of this salt remained almost unaltered after 3 recrystns. from 
aq. EtOH. All the strychnine salts described in this paper melted at about 
227° (decomp.). 

1-Hydroxyhydrindamine d-Chloroiodomethanesulphonate.—The cryst. residue 
obtained by evaporating to dryness an aq. solution containing equiv. amounts 
of the acid and base was redissolved in warm AcOEt with a little acetone; 
the salt separated on cooling in voluminous feathery needles, m. p. 204° (de- 
comp.) (Found: C, 29-6; H, 3-4. C, 9H,,0,NCIIS requires C, 29-6; H, 
32%). A 16% solution in pure dry acetone gave [a]s4,, — 12°7°, [a], 
— 10-4°; the salt crystallised in the polarimeter tube after a few hr. A 
16% solution in pure MeOH (dehydrated with Mg) gave [a], — 9°8°, and 
a 0-6% solution in glac. ACOH gave [a]p — 66°. A 1-3% solution in H,0 
gave [a]sag, — 6°4°, [M]sa6, — 26°; [a]p — 6-0°, [M]p — 24°. No mutarotation 
occurred on keeping these solutions for 24 hr. 

d-Hydroxyhydrindamine d-chloroiodomethanesulphonate crystallised from 
AcOEt in fluffy needles, m. p. 194° (decomp.) (Found: C, 29-5; H, 3-4%). 
Rotatory powers: in pure dry acetone (1%), [a]sag, + 59°0°, [a]p + 47°1°; 
in pure dry MeOH (0-9%), [a]p + 300°; in glac. ACOH (0-6%), [a]p + 29-1°; 
in H,O (13%), [a]sae1 + 29°1°, [(M]sae1 + 118°, [a]p + 23°6°, [M]p + 96°. 
The salt crystallised from the acetone after a few hr. No mutarotation 
was obs. in these solvents. 

Derivatives of 1-Chloroiodomethanesulphonic Acid.—Various fractions of 
optically impure ammonium J/-chloroiodomethanesulphonate which had 
accumulated in the mother-liquors from the prepn. of the d-salt (loc. cit., p. 
817) were mixed. The hot aq. solution (1100 c.c.) of a resulting specimen 
of NH, salt (41-0 g.) having [a],,,, — 4:9° was treated in the usual way with 
1/6-equiv. of brucine sulphate dissolved in a little hot H,O; the ensuing 
cryst. separation of brucine salt, when decomp. with the calc. amount of dil. 
aq. NH, at room temp., as indicated above, yielded an NH, salt (6-6 g.) with 
[a]saex + 46° (ec = 1 in H,O). A second 1/6th of tite necessary brucine 
sulphate was then added to the hot filtrate: the ammonium chloroiodo- 
methanesulphonate prepared from the deposit had [a];,,,; + 2°5°. A third 
fraction of the NH, salt, prepared similarly, had [a];,,, — 4°5°, and a fourth 
had [a]s45, — 11-4°. Two successive additions of 1/12th of the calc. amount 
of brucine sulphate to the last filtrate then yielded fractions of NH, salt with 
[a]s4¢, — 12°3° and — 15-4°, respectively. During all these operations the 
solution was kept approx. at its original vol. by periodical evaporation. The 
final mother-liquors contained (NH,),SO, and other impurities. 

In the next stage of the process, ammonium [-chloroiodomethanesulphonate 
(16°8 g.) having [a];4¢, — 122° was dissolved in hot H,O (350 c.c.) and treated 
in succession with one portion of 1/4th and 5 portions of 1/8th of the cale. 
quantity of brucine sulphate, in the usual way. The fractions of ammonium 
chloroiodomethanesulphonate thus obtained had [a];4,, — 7°7° (3-9 &-), 
— 7-8°, — 10-2°, —12-8°, — 16-0°, and — 16-0°, respectively. A repetition 
of the process with a mixture of the last 2 fractions yielded ammonium |- 
chloroiodomethanesulphonate with a max. rotatory power practically identical 
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with the max. numerical value for the d-salt: [a]54,; — 16°7°, [M]sa., — 46° ; 
[a]p — 13°0°, [M)p — 36° (c = 1 in H,O) (Found: NH;, 63%). 

Strychnine 1-Chloroiodomethanesulphonate.—When prep. and purified as in- 
dicated above for its diastereoisomeride, this salt formed small glistening prisms 
(Found : C, 44-5; H, 43%); [a]sag, — 33-0°, [M]sa6, — 195°; [a]p — 26-5°, [M]p 
— 156° (ce = 1 in H,O). No appreciable difference was noticed in the solu- 
bilities of strychnine d- and I/-chloroiodomethanesulphonate. The crude 
strychnine salt prep. from an NH, salt with [M],4,, — 35-6° gave [M]sa6; 
— 166°, the calc. value in dil. aq. solution being ~ 177°. After 5 recrystns. 
of this salt from aq. EtOH, the value had changed only to — 163°, and the 
regenerated NH, salt had [M];4,, — 36-5°. 

l-Hydroxyhydrindamine 1-chloroiodomethanesulphonate crystallises from 
AcOEt in fluffy needles, m. p. 194° (decomp.), and is more sol. than its diastereo- 
isomeride (Found: C, 29-4; H, 3:4%). A 1-25% solution in pure dry 
acetone gave [a];4,, — 58°9°, [a]) — 46-9°; the salt is thus truly enantio- 
morphous with d-hydroxyhydrindamine d-chloroiodomethanesulphonate, 
described above. 

Brucine d-, 1-, and dl-Chloroiodomethanesulphonate.—The pure salts may 
be made by mixing hot aq. solutions of equiv. quantities of a sol. brucine 
salt and the NH, salt of the appropriate acid. All 3 salts form small, glisten- 
ing anhyd. prisms, m. p. 272° (decomp.). They may be recryst. from a large 
vol. of boiling H,O, or from hot glac. ACOH; but when the brucine salt of 
the dl-acid is treated in this way the crystals separating always contain an 
excess of dAIB. Owing to their slight solubility, their optical rotations could 
not be measured. Whenahotaq.solution of ammonium dl-chloroiodomethane- 
sulphonate was inoculated with brucine /-chloroiodomethanesulphonate and 
then treated in the usual way with 1 /3rd of the calc. amount of brucine sulphate, 
the resulting brucine salt yielded ammonium d-chloroiodomethanesulphonate 
(83%) having [a]s4,, + 66°; a similar experiment without inoculation gave 
an identical result. ; 

Racemisation Experiments.—Ammonium d-chloroiodomethanesulphonate 
with [a];4¢, ++ 15-4° suffered no change in rotatory power when its aq. solution 
was evaporated to dryness 3 times with the addition of dil. aq. NH;. A 1% 
aq. solution was left over-night with an equal vol. of conc. aq. NH, in an 
open dish, before evaporation to dryness: the recovered salt was undecom- 
posed and had [a];,,, + 8°0°. Distinct partial racemisation was observed 
also on decomposing brucine d- or I-chloroiodomethanesulphonate with a 
large excess of conc. aq. NH,; a marked excess of NH; should thus be avoided 
in this operation, which can then be safely carried out at room temp. 

A 1:7% aq. solution of ammonium d-chloroiodomethanesulphonate with 
[a}sae, + 149° was mixed with twice its vol. of N/10-NaOH and boiled gently 
for 45 min.; upon exactly neutralising the solution with dil. HNO, and 
making it up to the original vol. with H,O, the value [a];4,, + 11-2° was 
observed. The resulting solution gave only a slight opalescence with AgNO, 
+ HNO,. 


One of the authors (A. M. M.) is indebted to the Carnegie Trust for a 
Fellowship. 


THe University, St. ANDREWS. [ Received, September 28th, 1932.] 
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410. Reactivity of peri-Substituted Naphthalenes, 
Part II. The Replacement of Halogen in 8- 
Halogeno-1-naphthoic Acids and in o-Halogeno- 
benzoic Acids. 

By H. Gorpon Rute and A. Joun G. BARNETT. 


THE influence of other substituent groups upon the reactivity of 
halogen atoms attached to aromatic nuclei has already been the 
subject of numerous investigations. According to earlier views (cf. 
Schépf and co-workers, Ber., 1891, 24, 3784), at least two other 
m-directive groups situated preferably in the o- or p-position to the 
halogen atom are required to render it labile. No appreciable 
mobility was believed to be conferred by the presence of only one 
other substituent unless this were a nitro-group. More recently, 
Rosenmund and Harms (Ber., 1920, 53, 2226) have directed at- 
tention to the reactivity of chlorine and bromine in o-chloro- and 
o-bromo-benzoic acids in the presence of catalysts: they converted 
the former into salicylic acid in 85% yield by heating it with aqueous 
sodium acetate and copper-bronze for 9—10 hours at 140—150°; 
the bromo-acid underwent a similar change in the presence of sodium 
6-naphthalenesulphonate. Hurtley (J., 1929, 1870) effected the 
transformation of the bromo-acid into salicylic acid by heating the 
salt with a mixture of copper-bronze and copper acetate for 30 min- 
utes at 100°, and also found that in the presence of either of these 
catalysts sodium o-bromobenzoate could be readily condensed with 
sodiomalonic ester, sodioacetoacetic ester, and other keto-enolic 
compounds at moderate temperatures. This author noted that 
ethyl o-bromobenzoate, free p-bromobenzoic acid, and o-bromo- 
nitrobenzene all failed to react appreciably under these conditions. 

In view of the useful double decompositions thus undergone by 
o-bromobenzoic acid under the influence of copper-bronze, it was 
considered of interest to investigate the behaviour of the 8-halo- 
geno-l-naphthoic acids, two of which are now relatively easily 
prepared from the 8-nitro-acid by treatment with thionyl halide 
(Rule and Barnett, this vol., p. 175), or, better, by the mercuration 
of naphthalic acid (Whitmore and co-workers, J. Amer. Chem. Soc., 
1929, 51, 1831, 3363; Rule and Barnett, loc. cit.). Before examining 
the naphthalene derivatives, however, we carried out some further 
experiments with the benzoic acids in order to determine whether 
the halogen atom could be exchanged for radicals other than those 
mentioned above. Ullmann and Zlokasoff (Ber., 1905, 38, 2112) 
have, for example, described the conversion of potassium o-chloro- 
benzoate into the phenoxy-benzoate by heating it with sodium 
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phenoxide and copper powder at 180—190°, but no reference is 
made in Beilstein’s “‘ Handbuch ” to the formation of alkoxy-acids 
at moderate temperatures by this means. Since the usual methods 
of obtaining the ethers of hydroxy-acids are often both tedious 
and wasteful, the direct exchange of halogen for an alkoxy-group 
might well provide a valuable alternative process. 

It was found that sodium o-bromobenzoate does not react per- 
ceptibly at moderate temperatures with sodium methoxide in the 
presence of copper-bronze. The iodobenzoate, however, reacted 
rapidly at the b. p. of methyl alcohol to form the o-methoxybenzoate. 
Various other displacements have been effected, which are sum- 
marised in the table below. Owing to the small scale of the experi- 
ments and the disproportionate losses on purification of the products, 
the yields quoted are not strictly comparable. 


Reactions of Sodium o-Halogenobenzoates in Presence 
of Copper-bronze. 
Activating group. Change effected. Temp. Time (hrs.). Yield, %. 


o-CO,Na I—>0OH 100° 1 17 
z= I—>OMe 70 4 33 
iz I —+OPh 110 2 30 
“ I—>m-OC,H,Me 120 2 41 
ia I—>00C,,His* 100 2 33 
ef I—+NO, 100 12 54 
" Br—>I 80 12 75 
o-CO,Me I—> OMe 70 3} 62 
: I—> 0C,,H,,* 120 2 30 


* /-Menthoxy-group. 


An interesting change of another type is the conversion of the 
bromo-acid into the iodo-acid in 75% yield by boiling the salt with 
a concentrated solution of sodium iodide in propyl alcohol. A 
previous experiment in acetone solution showed little change, 
presumably on account of the lower b. p. of the solvent. The 
iodo-acid was also transformed into the nitro-acid by boiling the 
sodium salt in propyl-alcoholic solution over an excess of solid 
silver nitrite. Copper-bronze was used in both of these cases, and 
owing to the slower speed of the reactions, heating was continued for 
12 hours. 

Although the halogen in o-bromobenzoic acid cannot be exchanged 
for alkoxy- or aryloxy-groups under the above conditions, it will be 
seen from the times given in the table that the reactions proceed 
readily with the more active iodo-compound. The superior re- 
activity of the iodine atom is also brought out in the conversion of 
p-iodobenzoic acid into the hydroxy-acid and in the preparation of 
alkoxy-benzoic esters from methyl o-iodobenzoate. In the latter 


case the activating group is CO,Me. Neither of these two reactions 
4T 
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proceeds with the corresponding bromo-derivatives (Hurtley, loc. 
cit.). 

When the two recently discovered 8-halogeno-l-naphthoic acids 
were examined in the same manner, the chloro-compound proved 
to be chemically inactive, but the halogen atom in the bromo-acid 
was readily exchanged for a variety of ethereal radicals as indicated 
in tabular form below. The conditions employed were the same as 
those described for the benzene derivatives, except that a somewhat 
higher proportion of catalyst was used (see also p. 2732). 


Reactions of Sodium 8-Bromo-\1-naphthoate in Presence 
of Copper-bronze. 


Br ex- Time _ Yield, Br ex- Time Yield, 
changed for Temp. (hrs.). %. changed for Temp. (hrs.). %, 
OH* 100 0-5 47 OBu 120° 2 50 
OMe 70 4 69 l-Menthoxy 120 16 30 
OEt 80 2 50 OCH,Ph 120 2 40 
OPr 100 1 50 OPh 120 4 38 


* Hydroxy-acid isolated in the form of naphtholactone. 


All attempts to make the bromonaphthoate react with sodio- 
malonic or sodioacetoacetic ester in ethyl-alcoholic solution failed, 
the only isolable product being the 8-ethoxy-acid. In the absence 
of alcohol no interaction occurred even after prolonged heating, and 
the starting materials were recovered unchanged. Similarly, the 
methods adopted for converting o-bromobenzoic acid into the iodo- 
acid, and o-iodobenzoic acid into the nitro-compound were ineffective 
when applied to 8-bromo-1l-naphthoic acid. 

Discussion of Results —From the data given above it is seen that 
in the presence of copper-bronze o-iodobenzoic acid and 8-bromo-l- 
naphthoic acid react readily with a number of sodium derivatives, 
the speed of reaction being comparable with that of an ordinary 
alkyl halide double decomposition. In general, a substituent in 
the peri-position to carboxy] in the naphthalene nucleus appears to 
be more easily replaced than one in an ortho-substituted benzoic 
acid, since reactions (e.g., halogen —-> OMe) which only proceed 
readily with the iodo-compound of the benzene group may be 
completed without difficulty by using the bromo-compound of the 
naphthalene series. Another case in point is the conversion of 
8-nitro-1-naphthoic acid into the 8-chloro- or 8-bromo-compound 
in the presence of thionyl! halide, an exchange which does not occur 
in the benzoic series. One reason for a differentiation in this sense 
is no doubt the more labile nature of substituents linked to the 
naphthalene nucleus, but probably a further contributory factor is 
the greater proximity of the groups in the peri- as compared with 
the ortho-position. 
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In view of the very similar behaviour of iodobenzoic and bromo- 
naphthoic acids towards alkoxides and aryloxides, the marked 
differences exhibited towards sodiomalonic ester, sodium iodide, 
and silver nitrite are noteworthy. The inability of these last 
reagents to attack bromonaphthoic acid under mild experimental 
conditions may be traced in part to steric hindrance, which would 
retard the entry of a more bulky substituent into the peri-position. 
This factor may also explain the difficulty encountered in introducing 
the /-menthoxy-radical, a change which required 16 hours’ heating, 
although it occurred rapidly in the case of o-iodobenzoic acid. 
Presumably the halogen in 8-iodo-1-naphthoic acid would exist in a 
very highly reactive condition, but unfortunately all attempts to 
prepare this compound, whether from the 8-amino-acid or by 
iodination of the mercury compound of naphthalic acid, were 
unsuccessful, the latter process leading only to the isolation of 
some «-naphthoic acid. A similar partial dehalogenation was also 
observed in an attempt to replace bromine by iodine in the peri- 
substituted acid by heating it with copper powder and sodium 
iodide in propyl! alcohol. 

From a comparative study of aromatic halogen derivatives, 
Davies and Wood (J., 1928, 1123) concluded that a nitro-group 
activates a halogen atom approximately 200,000 times more strongl 
than does a carboxyl group in the same position. In the ohcseails 
of copper catalyst, however, the position is apparently reversed, 
since the bromine in o-bromonitrobenzene is not reactive under 
conditions which permit its displacement from o-bromobenzoic acid 
(Hurtley, loc. cit.). Naphthalene derivatives have been less com- 
pletely examined in this connexion, and although Salkind (Ber., 
1931, 64, 289) has concluded that the nitro-group in bromonitro- 
naphthalenes has little influence upon the reactivity of halogen 
situated in the adjoining ring, these experiments did not include 
an investigation of the 1 : 8-bromonitro-compound and were con- 
ducted without the use of copper catalyst. From the present work, 
however, it is clear that in the presence of copper-bronze a carboxyl 
group in position 8 powerfully activates a bromine atom in position 1 in 
the adjacent ring. 


EXPERIMENTAL. 


Experiments with hydroxylic reagents were carried out as follows. The 
o-halogenated acid (1—3 g.) was treated with 2 at. propns. of Na dissolved 
n excess of the desired hydroxy-compound (15—20 c.c.), containing a small 
émount of Naturkupfer C in suspension (0-1—0-3 g.). The mixture was then 
heated at its b. p. or on an oil-bath for the time specified. 

The following naphthalene derivatives were prepared from 8-bromo-1- 
naphthoic acid (see this vol., p. 175). Yields are given in the table on p. 2730. 








2732 BELL: THE BROMINATION OF §-NAPHTHYLAMINE. 


Naphtholactone. The bromo-acid (0-5 g.) dissolved in excess of aq. NaOH 
was boiled in the presence of a trace of Cu-bronze for 30 mins. The filtered 
and acidified product was heated at 100° for 1} hrs., and the yellow ppt. dried 
and recryst. from ligroin; m. p. 106—108°. 

8-Alkoxy- and 8-aryloxy-naphthoie acids were obtained from the bromo- 
acid (1 g.), Cu-bronze (0-2 g.) and the requisite alcohol (15 c.c.) in which Na 
(0-2 g.) had been dissolved. All the compounds examined were moderately 
sol. in warm EtOH or C,H,, but only very sparingly in light petroleum. 

8-Methoxy-l-naphthoic acid, recryst. from C,H,, had m. p. 159—160°, 
unchanged on admixture with a specimen prepared by methylation of the 
8-hydroxy-acid (Bretscher, Rule, and Spence, J., 1928, 1500). 8-Ethozy-1- 
naphthoic acid separated from C,H, in needles, m. p. 210—211° (Found: C, 
72-1; H, 5-6. C,,H,,0, requires C, 72-2; H, 5-5%). 

8-Propoxy-l-naphthoic acid, from C,H,, melted at 176—177° [mixed m. p. 
with 8-bromo-acid (m. p. 178°), 130—145°] (Found: C, 72:8; H, 62. 
C,,H,,0, requires C, 73-0; H, 6-1%). 8-n-Butoxy-l-naphthoic acid separated 
from C,H, in needles, m. p. 154—-155° (Found: C, 73-7; H, 6-7. C,5H,,0, 
requires C, 73-8; H, 6-5%). 8-l-Menthoxy-l-naphthoic acid separated from 
ligroin in prisms, m. p. 206—207° (Found: C, 77-3; H, 7-9. C,,H,.0; requires 
C, 77-3; H, 8-0%). Owing to the prolonged heating required (16 hrs.) con- 
siderable darkening occurred during this prepn., which probably adversely 
affected the yield. 8-Phenoxy-1-naphthoic acid was deposited in short lustrous 
needles, m. p. 139—140°, from a mixture (1: 1) of ligroin and light petroleum 
(Found: C, 77-1; H, 4-6. C,,H,,0, requires C, 77-3; H, 45%). 8-Benzyl- 
oay-1-naphthoic acid, recryst. from ligroin, melted at 125—126° (Found: 
(, 77-5; H, 5-1. C,,H,,0; requires C, 77-7; H, 5-0%). 


EDINBURGH UNIVERSITY. [Received, October 3rd, 1932.] 





411. The Bromination of B-Naphthylamine. 
By F. BE t. 


FoLLowine the general theory of Mills and Nixon (J., 1930, 2510), 

it appears probable that the naphthalene molecule adopts a con- 

figuration in which the angle « is considerably smaller than 6 (I) 

and consequently the normal distribution of valencies is as shown 

(cf. Robinson and Thompson, this vol., p. 2015). This agrees with 

the fact that naphthalene derivatives with electron- 

AYR donating groups in position 2 undergo substitution 

| 4 per first in position 1 and then in position 6. Simple 

MY \FY (r,) Substitution in position 3 has hitherto not been 

” described (Bell, J., 1929, 2784 ; Fries and Schimmel- 

schmidt, Annalen, 1930, 484, 245; Kerkhof, Rec. trav. chim., 1932, 
51, 739). 

The directive power of the p-toluenesulphonamido-group can 

be considerably increased by combination with pyridine (J., 1931, 

2338). Consequently it appeared of interest to determine whether 
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under any conditions p-toluenesulphon-2-naphthalide undergoes 
substitution in position 3 rather than 6. 

In chloroform solution -toluenesulphon-2-naphthalide was 
readily brominated in positions 1 : 6, the reaction being comparable 
with nitration in acetic acid solution (Morgan and Micklethwait, 
J., 1912, 101, 148). In pyridine solution, it furnished first the 
l-bromo-derivative and then the 1 : 3-dibromo-derivative. More- 
over, in pyridine solution 1 : 6-dibromo-p-tolwenesulphon-2-naphth- 
alide was easily converted into the 1 : 3 : 6-tribromo-derivative. 

It is probable that this 3-substitution occurs under the general 
influence of the negative pole created by the pyridinium salt form- 
ation of the p-toluenesulphonamido-group rather than through 
tautomeric displacements. The part played by intermediate 
additive compounds, however, must not be omitted from con- 
sideration; otherwise it is difficult to account for the formation 
of 1 : 4: 6-tribromo-@-naphthol from $-naphthol (Fries and Schim- 
melschmidt, loc. cit.). Moreover, 1 : 6-dibromo-2-methoxynaphth- 
alene undergoes ready bromination to give apparently the 1 : 4: 6- 
tribromo-derivative, whereas 3 : 4’-dibromo-4-methoxydiphenyl is 
resistant under the same conditions. 

It was hoped to gain further information by studying the nitration 
of 8-naphthol, but although it was easy to obtain the 1 : 6-dinitro- 
derivative, no higher products could be isolated in pure condition. 
Protection of the hydroxyl group by conversion into the m-nitro- 
benzenesulphonate resulted in the expected fall in orienting power, 
so that quite vigorous nitration gave only a mixture of 5- and 8- 
mononitro-derivatives (cf. the nitration of ®-naphthylamine in 
sulphuric acid solution; Friedlinder and Szymanski, Ber., 1892, 
25, 2077). 

EXPERIMENTAL. 

Bromination of p-Toluenesulphon-2-naphthalide.—Br (5-5 g.) was added 
drop by drop to a solution of this compound (5 g.) in pyridine. After 12 
hrs. the mixture was poured into dil. HCl, and the resultant gum rendered 
solid by rubbing with EtOH. On crystn. from AcOH it gave 1 : 3-dibromo- 
p-toluenesulphon-2-naphthalide, m. p. 163° (Found: C, 45-0; H, 3:2. 
C,,H,,0,NBr,S requires C, 44-8; H, 2-9%), which was also obtained by 
bromination of 1-bromo-p-toluenesulphon-2-naphthalide in pyridine solution, 

1-Bromo-p-toluenesulphon-2-naphthalide, prepared from 1-bromo-f-naphthyl- 
amine and p-toluenesulphony! chloride in pyridine solution, crystallised from 
EtOH in stout needles, m. p. 100° (Found: C, 54-4; H, 3-8. C,,H,,0,NBrS 
requires C, 54-3; H, 3-7%). 

1: 3-Dibromo-p-toluenesulphon-2-naphthalide did not react with Br in 
pyridine and reacted only slowly with Br in boiling CHCl,. The only isolable 
product was 1:3: 6-tribromo-2-naphthylamine, m. p. 143° (orientation; 
Annalen, 1930, 484, 250, footnote). 

1: 3-Dibromo-8-naphthylamine, obtained by solution of the above p-toluene- 











2734 WILTSHIRE AND MENZIES: APPLICATIONS OF THALLIUM 


sulphonyl derivative in H,SO,, crystallised from EtOH in needles, m. p. 
119° (large depression on admixture with the | : 6-isomeride) (Found: C, 
40-0; H, 2-4. C,H,NBr, requires C, 39:9; H, 2:3%). With Ac,O this 
base gave 1 : 3-dibromoaceto-2-naphthalide, which crystallised from AcOH 
in needles, m. p. 201° (Found: C, 42-2; H, 2-7. C,,H,ONBr, requires C, 
42-0; H, 2-6%). 

1 : 6-Dibromo-p-toluenesulphon-2-naphthalide, m. p. 145° (Found: C, 45:1; 
H, 29%), from 1: 6-dibromo-8-naphthylamine and -toluenesulphonyl 
chloride, was obtained also by bromination of 1-bromo-p-toluenesulphon-2- 
naphthalide in CHCl, solution. With Br (1 mol.) in pyridine, it readily gave 
1 : 3 : 6-tribromo-p-toluenesulphon-2-naphthalide, which crystallised from AcOH 
in needles, m. p. 184° (Found: C, 39-2; H, 2-3. C,,H,,.0,NBr,S8 requires 
C, 38-7; H, 2-2%). This compound was converted into | : 3 : 6-tribromo-2- 
naphthylamine by solution in cold conc. H,SO,. 

Bromination of 1: 6-Dibromo-2-methoxynaphthalene.—A solution of this 
compound (6 g.) and Br (2 c.c.) in CHCl, (20 c.c.) was boiled under reflux 
for 2 hrs. The crop obtained on cooling, after recrystn. from CHCl, had 
m. p. 147° alone or mixed with authentic 1 : 4: 6-tribromo-2-methoxy- 
naphthalene (Franzen and Stauble, J. pr. Chem., 1921, 108, 352; orientation, 
Fries and Schimmelschmidt, loc. cit.). 

Nitration of B-Naphthol.—100 G. were added slowly to a cold well-stirred 
mixture of HNO, (150 c.c.) and AcOH (11.). The clear solution so obtained 
soon began to deposit crystals, which were filtered off after 24 hrs. (yield, 
80 g.; m. p. ca. 175°). No pure compound could be isolated from the mother- 
liquor; the crop on recrystn. from AcOH gave pure | : 6-dinitro-8-naphthol. 
More vigorous nitration of.this compound led to no isolable products. 

Nitration of B-Naphthyl m-Nitrobenzenesulphonate.—8 G. were added slowly 
to a mixture of fuming nitric acid (12 ¢c.c.) and AcOH (12 ¢.c.). After 1 hr. 
the solution was filtered from a cryst. deposit, and the mother-liquor poured 
into H,O. The gummy ppt., after repeated crystn. from AcOH, gave pure 
8-nitro-2-naphthyl m-nitrobenzenesulphonate, m. p. 144—146° (Found: (C, 
51-2; H, 2-7. C,gH,,0,N,S requires C, 51-3; H, 2-7%). The crop recrystal- 
lised from AcOH to give needle crystals of 5-nitro-2-naphthyl m-nitrobenzene- 
sulphonate, m. p. 166° (Found: C, 51:3; H, 2-8%). Both sulphonates were 
hydrolysed by warm piperidine and the products gave no depression in m. p. 
on edmixture with authentic 8-nitro- and 5-nitro-8-naphthol, respectively. 


BatTTERSEA PoLyTEcHNIc, 8.W.11. [Received, September 16th, 1932.] 





412. Applications of Thallium Compounds in Organic 
Chemistry. Part VIII. Molecular Association of 
Dialkylthallium Chelate Compounds. 


By E. R. Wirtsnre and R. C. MENzzizs, 


Ir is convenient to regard the dialkylthallium derivatives of 
8-diketones and -ketonic esters as having the attached general 
structure. Differentiation in position between the organic radicals 
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R, and R, is immaterial, as the ring structure is probably sym- 
metrical (Morgan, J., 1914, 105, 193). 

The dimethyl- and the diethyl-thallium derivatives CH 
obtained by substituting different organic radicals at R,o7 ‘CR, 
R, and R, form, respectively, two parallel series 0. O 
which are very similar in chemical properties. They Y?iAlk 
can all be prepared by a general method and ; 
exhibit the behaviour characteristic of chelate compounds. 

In benzene solution they are associated, and the degree of asso- 
ciation depends to a marked extent both on the nature of the 
groups R, and R, and, to a smaller extent, on the alkyl groups 
attached to the thallium atom. On the graphs shown, the degrees 
of association in dry benzene, determined cryoscopically, are plotted 
against the simple molecular concentration (weight of solute per 
100 g. of solvent divided by the simple molecular weight). The 
compounds studied were the dimethyl- and the diethyl-thallium 
derivatives of ethyl acetoacetate, methyl acetoacetate, propionyl- 
acetone, ethyl benzoylacetate, benzoylacetone, dipropionylmethane, 
and dibenzoylmethane. (Dimethylthalli)propionylacetone and both 
the acetylacetones were, however, too sparingly soluble for their 
molecular weights to be determined by this method. 

The association at first increases slightly with concentration, but 
in most cases an approximately constant value is reached below a 
molecular concentration of 0-01 g.-mol./100 g. of benzene, and this 
serves as a convenient concentration for comparison. 

Influence of Groups R, and Ry, attached to the Chelate Ring.—In 
both the dimethyl- and the diethyl-thallium series of derivatives 
the association is very small when R, and Rg, are the same hydro- 
carbon radical, as in the compounds of dipropionylmethane 
(R, = Rg =C,H;) and dibenzoylmethane (R, = R, = C,H;). 
When R,, is changed to CHg, as in the propionylacetone (R, = CH, ; 
R, = C,H,;) and benzoylacetone (R, = CH;; R, =C,H;) derivatives, 
the association is increased. Another increase in association resulting 
from a similar change is seen by comparing the derivatives of ethyl 
benzoylacetate (R, = C,H;; R, = O°C,H;) and ethyl acetoacetate 
(R, = CH,; R, = O-C,H,), the latter being more associated. 

An increase in association is also observed when an oxygen atom 
is introduced into R, or Rg, ethyl (diethylthalli)acetoacetate 
(R, = CH,; R, = O°C,H;) being considerably more associated 
than (diethylthalli)propionylacetone (R, = CH,; R, = C,H;). 
Moreover, the derivatives of ethyl and methyl acetoacetate, in 
which R, is a methyl group and R, an alkoxy-group, are the most 
highly associated of all the compounds studied. (The methyl ester, 
however, is slightly less associated than the ethyl, indicating that 
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substituting a methyl for an ethyl group in this position has not 
the same effect.) 

Summarising, it can be said that the dimethylthallium derivatives 
investigated form a well-defined series in which the association 
decreases in the order given above. In the diethylthallium deriv- 
atives the association decreases in the same order, but the separation 
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between the curves representing successive members is in several 
instances much smaller. Moreover, preliminary experiments with 
several dipropyl- and dibutyl-thallium derivatives indicate that in 
these cases the order is slightly different, probably owing to the 
effect of the groups R, and R, being modified as the size of the 
alkyl groups attached to the thallium is increased. 

Influence of the Alkyl Groups attached to the Thallium Atom.—In 
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every case investigated, the dimethylthallium derivative exhibits a 
slightly greater association than the corresponding diethylthallium 
derivative at the specified molecular concentration. Thus, again, 
the effect of substituting methyl for ethyl groups in the molecule 
has been to cause an increase in association. Until, however, 
the effect of other alkyl groups attached to the thallium has been 
investigated, it cannot be decided whether this increase is due to 
any marked difference between the methyl and the ethyl group, or 
is merely part of a general gradation encountered as higher groups 
are substituted, as is the case with the m. p.’s (Menzies and Wilt- 
shire, this vol., p. 2605). The preliminary experiments referred to 
above suggest that there is not the same gradation. 


SUMMARY AND DISCUSSION. 


The series of dimethyl- and diethyl-thallium chelate derivatives 
studied show an association in freezing benzene varying approx- 
imately between 1 and 2. The alkyl groups attached to the thallium 
atom have a small but definite effect on the association, but the 
most important factor is the constitution of the parent diketone or 
ketonic ester. In general, those compounds containing a methyl or 
alkoxy-group as a side chain in the chelate ring are more highly 
associated than those containing ethyl or phenyl groups in the same 
position. 

Sidgwick and Sutton (J., 1930, 1468) observed that ethyl thallo- 
acetoacetate has a double molecular weight in boiling benzene, and 
accounted for the association by assuming that the octet of electrons 
around the thallium atom is thereby completed either by a double 
bond between two thallium atoms or by co-ordinate links between 
the thallium of one molecule and an oxygen of another. 

In the compounds under consideration, the thallium has, in the 
unimolecular formula, an effective atomic number of 86 (as has 
lead in its stable tetra-alkyls; cf. Berry and Lowry, J., 1928, 1765), 
and its electronic octet is completed. The molecular association 
now described was consequently unexpected. The thallium atom, 
however, is certainly concerned in this association, as it does not 
occur in its absence, ethyl acetoacetate, for instance, being unas- 
sociated in freezing benzene (Auwers, Z. physikal. Chem., 1894, 15, 34). 

Now, tervalent thallium in its halogen compounds exhibits co- 
valencies of 5 and 6 as well as of 4 (Meyer, Z. anorg. Chem., 1900, 
24, 321; Ber., 1902, 35, 1319; Renz, Ber., 1902, 35, 1111), com- 
pounds of all three types, M(T1X,), M,(T1X;), and M,(TIX,), being 
described, the thallium having effective atomic numbers of 86, 
88, and 90; so the facts recorded in this paper may be accounted 


for by the assumption that, although the unimolecular form of 
472 
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chelate dialkylthallium compounds, containing an electronic group 
of 8, is very stable, yet there is also a less strong tendency for the 
number to be increased above 8. If this be admitted, the association 
of these compounds is explicable as a reversible co-ordination 
between an oxygen atom in one molecule and the thallium in its 
neighbour, the greater association observed in the derivatives of 
the ketonic esters being due to the probability of the necessary 
antecedent approach between molecules containing three oxygen 
atoms being greater than in the case of the derivatives of 
the diketones which contain only two. The substitution of the 
smaller methyl for the ethyl or the phenyl group, either in 
the positions R, and R, or on the thallium atom, may increase 
the probability of co-ordination by allowing the atoms taking part 
to approach closer together. 

In addition, the molecules are unsymmetrical, and if they have 
a dipole moment, the association may also be due to electrostatic 
attraction between similar molecules oriented in opposite directions. 
The greater association of dimethyl thallium compounds may then be 
a consequence of the forces involved acting through smaller distances 
than those separating the diethylthallium compounds. Any inverse 
law of attraction between molecules otherwise similar involves—once 
they are in contact—an increase of force with diminution in size. 

These two causes are not incompatible and may well act together. 


EXPERIMENTAL. 


The f. p.’s were determined in an ordinary Beckmann apparatus, the C,H, 
being dried by distillation over P,O, after having been freed from S by suc- 
cessive treatments with TIOEt, followed by alk. KMnO, aq. By calibration 
with C,,H,, the f. p. const. was determined as 52-5. 

The general method used to prepare these compounds was to act on the 
B-diketone or ketonic ester with the requisite dialkylthallium ethoxide (for 
details, see Menzies and Wiltshire, loc. cit.; Menzies, Sidgwick, Cutcliffe, and 
Fox, J., 1928, 1288). The compounds themselves were purified by repeated 
crystn. from n-hexane or pure dry ether. The Tl was determined by titration 
with 0-2N-H,SO, and methyl-red. 

The new compounds are described below, the others in the two papers 
referred to above, 

Methyl (dimethylthalli)acetoacetate, m. p. 184° (Found: C, 24-1, 24-2; H, 
3-6, 3-8; Tl, 58-8. C,H,,0,T1 requires C, 24-0; H, 3-75; Tl, 58-4%), small 
colourless prisms from Et,0. In this and the following prepn. the dialkyl- 
thallium methoxide was used instead of the corresponding ethoxide, so that 
there should be no possibility of methyl groups being replaced by ethyl. 

Methyl (diethylthalli acetoacetate, m. p. 127° (Found: C, 28-8, 28-7; H, 45, 
4-6; Tl, 54-4. C,H,,0,T! requires C, 28-6; H, 4-5; Tl, 54-1%), crystallised 
from Et,O in large, flat, colourless prisms. 

Ethyl (dimethylthalli)benzoylacetate, m. p. 133° (Found: C, 36-8, 36-9; 
H, 4:1, 4-1; Tl, 48-1. ©C,3H,,0,T1 requires C, 36-7; H, 4-0; Tl, 48-0%), 
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TlMe, compound. TIEt, compound. 

Mol. Mol. Associ- Mol. Mol. Associ- 

conc. wt. ation. conc. wt. ation. 
Ethyl aceto- 0-00150 595 1-64 0-00156 561 1-43 
acetate 0-00324 634 1-74 0-00403 592 1-51 
0-00622 634 1-74 0-00689 627 1-60 
0-00932 658 1-81 0-0102 637 1-63 
0-0135 643 1-64 
Methyl aceto- 0-00159 513 1-47 0-00202 512 1-36 
acetate 0-00403 606 1-73 0-00389 594 1-58 
0-00715 605 1-73 0:00681 612 1-62 
0-0107 608 1-61 
0-0134 617 1-64 
Propiony]l- Too sparingly soluble. 0-00156 472 1-26 
acetone 0-00369 463 1-23 


0-00571 475 1-26 
0-00836 494 1-31 


0-0109 500 1-33 
Ethyl benzoyl- 0-00152 484 1-14 0-00137 487 1-07 
acetate 0-00345 536 1-26 0:00347 534 1-18 


0-00635 591 1-39 0-00599 549 1-21 
0-00974 613 1-44 0-00866 568 1-25 
0-0131 622 1-46 0-0113 580 1-28 
Benzoylacetone 0-00138 448 1-13 0-00147 467 1-10 
0-00397 506 1-28 0-00422 476 1-12 
0-00699 518 1-31 0-00707 515 1-22 


0-0103 544 1-37 0-0112 541 1-28 

Dipropionyl- 0-00165 374 1-03 0-00163 363 0-93 
methane 0-00418 407 1-13 0-00396 41l 1-06 
0-00728 421 1-16 0-00750 419 1-08 

0-0111 434 1-20 0-00975 423 1-08 

Dibenzoyl- 0-00145 437 0-96 0-00105 359 0-74 
methane 0-00323 482 1-05 0-00216 437 0-90 


0-00503 510 1-11 000422 494 1-02 
000621 506 111 0-00528' 617 1-07 
0-00796 523 1-08 
crystallised from n-hexane in light yellow prisms. The ethyl benzoylacetate 
(Claisen, Annalen, 1896, 291, 70) was obtained from benzoyl chloride and 
ethyl acetoacetate as a light yellow oil (Found: C, 69-0, 68-9; H, 6-3, 6-3. 
Cale.: C, 68-7; H, 63%). It is possible that in both cases the colour is due 
to a trace of impurity. 

Ethyl (diethylthalli )benzoylacetate, m. p. 95° (Found: C, 40-0, 39°8; H, 4-9, 
4:7; Tl, 45-5. C,,;H,,0,Tl requires C, 39-7; H, 4:7; Tl, 45-1%), separated 
in colourless crystals when its hexane solution was cooled in ice. 

(Dimethylthalli)dibenzoylmethane, m. p. 1783—175° (Found: C, 44-5, 44-7; 
H, 3-8, 3-8; Tl, 45-2. C,,H,,0,T! requires C, 44-6; H, 3-7; Tl, 44:-7%), and 
(diethylthalli )dibenzoylmethane, m. p. 112° (Found: C, 47-0; H, 4:4; Tl, 42-4. 
C,,H,,0,T] requires C, 47-0; H, 4:3; Tl, 42:1%), both crystallised from 
hexane or ether in large yellow prisms. 

The m. p.’s of the TlMe, derivatives, being in each case higher than those 
of the TIEt, ones, thus conform to the gradation pointed out before (Menzies 
and Wiltshire, loc. cit.). 


The authors are indebted to the Colston Research Society for a grant. 
University oF BrisToL. [Received, October 6th, 1932.] 
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413. Vasicine. 


By Tarak P. Guosz, Sri Krisuna, Kartar 8. Narane, and 
JNANENDRA N. RAy. 


Dg and RAy (J. Indian Chem. Soc., 1927, 4, 541) having shown 
that vasicine, an alkaloid present in Adnatoda vasica, Nees (Sen 
and Ghose, ibid., 1924, 1, 315), was not 2-propyl(or isopropy]l)- 
4-quinazolone, the work upon which this structure was based has 
been re-examined and extended. 

Fresh analyses and molecular-weight determination on very pure 
material support the earlier formula C,,H,,ON,. The base is mono- 
acid but possesses weak phenolic properties. From its solution in 
alkali, it can only partly be recovered unchanged. Moreover, when 
heated with a trace of potassium hydroxide at 170° or when boiled 
in acetone solution with a trace of alkali, vasicine is converted into 
an isomeric substance, m. p. 164°, which we designate as iso- 
vasicine (III). This tendency to isomerise to structure (III) is 
evident in many of its reactions. Vasicine gives a stable hydro- 
chloride, from which it can be regenerated unchanged. Hence it 
seems that the isomerisation is caused only by alkaline reagents. 

Vasicine was said to give a monomethiodide, but the action of 
methyl iodide has now been found to effect a profound change in 
the structure of the alkaloid (see p. 2742), and therefore the con- 
clusion that vasicine is a tertiary base is erroneous. 

Vasicine decolorises potassium permanganate solution at 0° 
instantaneously and a cold aqueous solution of its hydrobromide 
absorbs bromine, indicating an unsaturated side chain. On fusion 
with potassium hydroxide, it furnishes anthranilic acid, thereby 


indicating that a skeleton CH<y exists in the’ molecule. Oxid- 


ation with acid 5% aqueous potassium permanganate yields a 
substance C,H,ON,, m. p. 214°, together with traces of acetic and 
probably formic acid. This substance has now been identified as 
4-quinazolone (I) by direct comparison with a sample synthesised 
by the method of Niementowski (J. pr. Chem., 1895, 51, 565). 
Therefore both the nitrogen atoms of the alkaloid are in the same ring 
system. The formation of (I) does not necessarily fix the position 
of the oxygen atom of vasicine for quinazolines are known to 
acquire an oxygen atom at this position on oxidation; but in view 
of its weak phenolic properties, the alkaloid probably contains an 
oxygen atom in this position. 

Vasicine contains no NMe group. With nitrous acid at 0° it 
apparently forms a nitroso-derivative, but this could not be purified. 

Oxidation with hydrogen peroxide in acetone solution yields 
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successively two products, (A) C,,H,,ON,,4H,O, m. p. 168°, and 
(B) C,,H,,O.N,, m. p. 212°: (A) is a much stronger base than 
vasicine, whilst (B) is neutral (cf. Polonowski and Polonowski, 
Compt. rend., 1925, 180, 1755, who note the neutral character 
: of amine oxides of alkaloids). These are assigned the structures (VI) 
: and (VII). 

The clue to the constitution of the alkaloid was revealed by the 
observation that whilst vasicine shows the presence of an un- 
saturated side chain, isovasicine does not. Since 4-quinazolone (I) 
| is the main product in the oxidation of vasicine, the side chain can 
: only be linked at position 2 in (I). Therefore vasicine is (II) and 
isovasicine (ITT). 
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On methylation, vasicine first isomerises to (III) and thence forms 
the methiodide (IV), since the methiodide of isovasicine is identical 
with that prepared from vasicine directly. The methiodide can be 
converted into the methohydroxide which is not further affected 
by boiling aqueous alkali. 

Hydrogenation of vasicine was attempted in presence of barium 
sulphate—palladium, but without success (cf. analogous behaviour 
of safrole). 

The action of acetic anhydride upon vasicine gives a substance to 
which the formula (V) is ascribed; apparently the mobile hydrogen 
atom is acetylated, thus preventing the transition to the iso. 
structure, but a change takes place similar to that of safrole to 
isosafrole; the product then loses a further molecule of water. 
The mode of isolation of the product precludes the possibility of an 
acetyl group’s remaining attached to the oxygen atom even if the 
enolic hydroxyl had been simultaneously acetylated. The sub- 
stance (V) is as basic as vasicine and does not furnish ethyl acetate 
when heated with alcohol and sulphuric acid. 


EXPERIMENTAL. 


The crude alkaloid (1 part; Sen and Ghose, loc. cit.) was refluxed with 
C,H, (16 parts) for 1 hr., cooled, and filtered from resinous material; the 


filtrate, on being made turbid with Et,0, deposited further impure material. . 


After addition of charcoal and agitation, the filtered soln. was left to crystallise. 
Recryst. thrice from hot dil. EtOH, vasicine had m. p. 196° (decomp.). The 
hydrochloride, prep. in C,H, soln., was fractionally cryst. from Et,O-EtOH; 
m. p. 208° (after drying at 110°; cf. Ghose, loc. cit.). The regenerated base 
was recryst. successively from acetone and C,H, and then had m. p. 198° 
(decomp.) [Found: C, 70-2*, 70-11; H, 6-3*, 6-3; N, 15-0*, 14:9; M, by 
titration, 188; M, from B,H,PtCl,, 188. Cale. for C,,H,,ON,: C, 70-2; 
H, 6-5; N, 149%; M, 188]. 

The alkaloid contained no NMe group and was optically inactive. Pre- 
liminary experiments indicate that it is resolvable. 

A cold soln. of vasicine (0-1 g.) in acetone (dist. over KMnO,, 10 c.c.) 
instantly decolorised N/20-KMnO,; a soln. of 4-quinazolone (I) of the same 
conen. required 4—5 mins., and isovasicine took 7—8 mins. at 30°. A C,H, 
soln. of vasicine reduced moist Ag,O, but neither of the other two substances 
did so under similar conditions. An aq. soln. of vasicine hydrobromide 
decolorised Br aq. at 0°. Basification of the decolorised soln. with Na,CO, 
aq. pptd. a substance, which, cryst. from hot dil. EtOH, had m. p. 225° 
(Found : N, 10-65. C,,H,,ON,Br requires N, 10-44%). 

When CO, was passed into a soln. of vasicine in 1% KOH aq., a small ppt. 
was formed, from which vasicine was isolated by careful crystn.; but the 
main product, isolated after neutralisation of the filtrate with dil. HOAc, 
was another substance, m. p. 192—194° (mixed m. p. with vasicine 150— 
160°), which was not obtained analytically pure. 





* Microanalyses. 
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Conversion of Vasicine (II) into isoVasicine (III).—({a) Vasicine (0-5 g.) 
was ground with a trace of KOH and kept at 170—175° for 5 mins., and a 
substance, m. p. 164° (decomp.) after crystn. (twice) from C,H,, was isolated 
from the cooled mass. This formed a methiodide, m. p. 191° alone or mixed 
with vasicine methiodide (cf. Sen and Ghose, J. Indian Chem. Soc., 1924, 1, 
315, who give m. p. 187°). 

(6) A soln. of vasicine (0-5 g.) in acetone (50 c.c.) and a trace of NaOH 
were refluxed for 2 hrs.; the filtrate from a small insol. residue was conc. 
to crystn. in presence of CO,. Recryst. from C,H,—ligroin, isovasicine 
had m. p. 164° (decomp.), not depressed on admixture with the foregoing 
substance; the yield was poor (Found : C, 70-1; H, 6-5; N, 148. C,,H,,ON, 
requires C, 70:2; H, 6-5; N, 14-87%). Its hydrochloride, prep. in C,H, 
soln., had m. p. 222° (decomp.) (mixed m. p. with vasicine hydrochloride, 
< 180°). 

(c) Vasicine (2-5 g.) was gradually stirred into a fused mixture of KOH 
(10 g.) and H,O (3 e.c.) at 150°, and then heated to ca. 210° (frothing) for 
10 mins. The cooled melt was dissolved in H,O, the soln. extracted with 
Et,0, the alkali nearly neutralised with dil. H,SO,, concentrated, and then 
treated with AgNO, aq. After decomp. of the Ag salt in the usual manner, 
Et,0 extracted anthranilic acid, m. p. 142—143° (mixed m. p. 145°). When 
the alk. melt was acidified with dil. H,SO, and steam distilled, acetic acid 
was isolated as Ag salt (Found: Ag, 64:3. Calc.: 64:6%). 

Oxidation of Vasicine with Potassium Permanganate: Isolation of 4-Quin- 
azolone.—The product isolated by following the details given by Ghose (loc. 
cit.) was further purified by sublimation; m. p. 214° (Found: C, 66-0*; H, 
43*; N, 19-18*. Calc. for C,H,ON,: C, 65-8; H, 4:1; N, 19:2%). It 
was identical (mixed m. p.) with 4-quinazolone (I), prepared as described by 
Niementowski (Joc. cit.). 

Oxidation of Vasicine with Hydrogen Peroxide.—Vasicine (1-0 g.) was sus- 
pended in acetone (10 c.c.), and H,O, (12 ¢.c.; 12 vol.) stirredin. The mixture 
was kept at 50—60° for 1} hrs., and a colourless cryst. substance B (VII) was 
deposited on cooling (0-28 g.); recryst. twice from H,O, it had m. p. 214° 
(Found: C, 64-9*, 64-8*; H, 4-8*; N, 14-1*, 14:09. C,,H,.O,N, requires 
C, 65-4; H, 4:9; N, 13-9%). The mother-liquor on standing for 12 hrs. 
deposited another substance A (VI), m. p. 166°; cryst. successively from dil. 
acetone and water, it had m. p. 168° (decomp.) (Found: C, 67-4*, 67-4; H, 
5-8*, 5-9; N, 14-3*. C,,H,,ON,,4H,O requires C, 67-6; H, 5-6; N, 14-35%). 
The crystals lost H,O at 110°, and partially decomposed. The substance A 
(0-2 g.), when dissolved in acetone (5 c.c.) and further oxidised with H,O, 
(1-5 c.c.) at 60° for 1 hr., gave 0-18 g. of B (m. p. and mixed m. p., 214°). 

Action of Acetic Anhydride on Vasicine.—Vasicine (10 g.), AcgO (30 c.c.), 
and NaOAc (fused, 1-0 g.) were boiled for 2} hrs. The product was worked 
up as usual, and when repeatedly crystallised from EtOAc (charcoal) afforded 
pale brownish needles, m. p. 165° (depressed on admixture with IIT and VI) 
(Found : C, 72-9*, 73-0*; H, 5-4*, 5-6; N, 13-4*, 13-3*. C,,H,,ON, requires 
C, 73-5; H, 5-6; N, 132%). The substance dissolves easily in dil. acids and 
reacts alk. to litmus. Acetyl determination by Perkin’s method gave no 
EtOAc. 

Vasicine methohydroxide (Sen and Ghose, loc. cit.) was boiled for 2 hrs. 
with 20% KOH aq. without change. When it (0-5 g.) was dissolved in H,O 
(200 ¢.c.), cooled to 40°, treated with KMnO, aq. (0°5%, 150 c.c.) (stirring), 
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and the filtered solution concentrated to 10 c.c., and just acidified with AcOH, 
an orange-coloured cryst. ppt. was obtained, m. p. 209° after crystn. from 
H,0 (Found : N, 134%). The yield was too small to allow of characterisation. 


Forrest REesEARcH INSTITUTE, 
Dera Don. [Received, June 14th, 1932.] 
UNIVERSITY OF THE PuNJAB, LAHORE. 





414. The Constitution of Eremophilone and of Two 
Related Hydroxy-ketones from the Wood Oil of 
Eremophila Mitchelli. 


By A. E. Braprrecp, A. R. PENFOLD, and J. L. SIMONSEN. 


In view of the somewhat wide distribution of the simpler terpene 
ketones, it is rather remarkable that, with the exception of the 
acyclic ketone, doremone, isolated by Semmler, Jonas, and Roenisch 
(Ber., 1917, 50, 1828) from the oil of ammoniacum, no sesquiterpene 
ketone has been described hitherto. During the investigation of 
the constituents of the oil from the wood of Eremophila Mitchelli, 
details of which will be published elsewhere, we separated a crystal- 
line ketone, C,;H,,.0, m. p. 41—42°, for which we propose the name 
eremophilone, and two hydroxy-ketones, 2-hydroxyeremophilone, 
C,;H..0,, m. p. 66—67°, and 2-hydroxy-1 : 2-dihydroeremophilone, 
C,;H.,0., m. p. 102—103°. As the outcome of the experiments to 
be described, we have been able to determine the constitutions of 
these substances. 

Eremophilone has been found to be a derivative of the naphthalene 
hydrocarbon eudalene, since dihydroeremophibol (p. 2753) on de- 
hydrogenation with selenium yields this substance. -It contains 
two ethylenic linkages, and can be reduced catalytically to tetra- 
hydroeremophilone, C,;H.,0. The group *CH,*CO-CH-CH: is present, 
since it yields a crystalline hydroxymethylene derivative, m. p. 105°, 
and on oxidation with hydrogen peroxide in alkaline solution an 
oxide, eremophilone oxide, m. p. 63—64°, is obtained. The latter 
reaction is known to be characteristic of ketones containing the 
ethylenic linkage in the «8-position to the carbonyl group (compare 
Weitz and Scheffer, Ber., 1921, 54, 2327), and confirmatory evidence 
of the presence of this group was afforded by the preparation of an 
unstable crystalline compound with hydrogen sulphide. Reduction 
of eremophilone with sodium in alcoholic solution yields a liquid 
unsaturated alcohol, dihydroeremophilol, C,;H.,0, characterised by 
the preparation of a crystalline 3 : 5-dinitrobenzoate, m. p. 119—121", 
and this alcohol on oxidation with ozone gives formaldehyde and a 
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hydroxy-ketone, C,,H,,0,. The latter was not obtained pure, but 
its composition was proved by analysis of its 2 : 4-dinitrophenyl- 
hydrazone, m. p. 146—149°. When the hydroxy-ketone was oxidised 
with sodium hypobromite in methyl-alcoholic solution, bromoform 
and an acid, C,,H,.0,, m. p. 155°, were formed and it follows, there- 
fore, that dihydroeremophilol must contain an isopropenyl side 
chain. The reduction of eremophilone to dihydroeremophilol makes 
it improbable that the carbonyl group is situated in the same ring 
as the isopropenyl side chain and (I), (IA), and (Is) are therefore 
possible formule for eremophilone. Of these, (I) is the most prob- 
able, and the reactions discussed above can be represented by the 
scheme : 








Me Me 
DN CH, CH, DS 
Ne HA ZNbS 
nc. a Y YO ms CH, HOH 
Me>C-CH CH CH BO mtSc C-CH CH CH, (IL) 
V2 NZ 5 8 
(I.) CH, Mite CH, CHMe 
lo, 
Y 
Me Me 
CH,| CH, CH,| CH, 
ee | hin S ahi. 
(IV.) CH, 0 CH-OH Y aniniad CH, 9 CH-OH 
HO,CCH CH CH, OC-CH CH CH, (Ir) 
Naa NK f vehi 
CH, CHMe Me CH, CHMe 
Me Me 
CH,| CH, CH,| CH, 
g\lv ZIV, 
CH, G 9H, Ho Ys YO Ye 
(Ia.) CSc. CH CH CO Me>C-CH C CO Qs) 
Nad cok pe a, 
CH, CCH, CH, CMe 


To distinguish between these three formule for eremophilone, a 
study of the crystalline oxide referred to above appeared to us to 
offer a suitable avenue of approach. We attempted first to oxidise 
dihydroeremophilone oxide, m. p. 53—54°, prepared by the catalytic 
hydrogenation of eremophilone oxide, with ozone in the manner used 
successfully by Wedekind and Tettweiler (Ber., 1931, 64, 1801) in 
the case of «-dihydro-«-santenone oxide. We found, however, that 
dihydroeremophilone oxide was not attacked by ozone in carbon 
tetrachloride solution. The reactions of keto-ethylene oxides 
having an open-chain structure have been studied recently in great 
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detail by Baker and Robinson (this vol., p. 1798), and on the assump- 
tion that cyclic oxides would react in a similar manner it was anti- 
cipated that the oxide (V), derived from (I), would yield either with 
acetic acid and sodium acetate or with an alcoholic solution of 
sodium hydroxide the diketone (V1) or one of its enolic forms (VII) 
or (VIIA), whereas the oxides derived from (Ia) and (Is) might be 
expected to behave in a more complicated manner. 





Me Me 
CH,| CH, CH,| CH, 
AN aii ZN“ 
ee oF 0 nc GBs G . GO 
¥e Me>C-CH CH CH Me>C-CH CH CO 
CH, C—O CH, CHMe 
Me (VI.) 
Me Me 
CH,| CH, CH,| CH 
Pa 4s Ni MA NaN - 
. GH C . GH GY GO 
Hc. (He ! H 
Me>C-CH CH (OH Me>C-CH CH CO 
pe, < pe ae 
(VII.) CH, CMe (VIIa.) OH, OHMe 


Inspection of formule (V) and (VII) shows that they resemble 
in structure piperitone oxide (VIII) and diosphenol (IX), respectively, 
and it seemed to us desirable, in the first instance, to determine 





CH-CHMe, CH-CHMe, C(CHMe,)-CO,H 
we \ . ws \ Pa \ 
CH, CO CH, Co CH, CH, 
CH, CH JH, C-OH CH, — ‘ 
C-O CMe CMe-OH 
(V1II.) Me (IX.) (X.) 


whether piperitone oxide (Kétz and Hoffmann, J. pr. Chem., 1925, 
110, 101) would yield diosphenol. We find that when the oxide is 
warmed with an alcoholic solution of sodium hydroxide for a short 
time on the water-bath, diosphenol is formed in a small yield, the 
main product being the hydroxy-acid (X) described by Treibs (Ber., 
1931, 64, 2548). 

Eremophilone oxide is very much more stable than piperitone 
oxide and it is not attacked by alcoholic sodium hydroxide; if, 
however, the oxide is digested with acetic acid and sodium acetate 
an oil is obtained which on treatment with alkali (see p. 2754) yields 
an oil giving an intense blue-black coloration with ferric chloride. 
This oil was not purified, but was benzoylated and a crystalline 
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benzoyl derivative, C,,H,,0;, m. p. 119—120°, obtained. The 
formation of this benzoate, which would be a derivative of the alcohol 
(VII) or (VIIA), supported the assumption that eremophilone has the 
structure (I), hence dihydroeremophilol would be (II) and its oxid- 
ation products 6-acetyl-4 : 9-dimethyl-2-decalol (III) and 4: 9-di- 
methyl-2-decalol-6-carboxylic acid (IV). 

Confirmation of the structure assigned to these substances was 
furnished by a study of the reactions of another constituent of the 
oil, 2-hydroxyeremophilone, since this alcohol gave on benzoylation 
a benzoyl derivative identical both in melting point and in rotatory 
power with that prepared from eremophilone oxide. 2-Hydroxy- 
eremophilone is readily oxidised in the air to a brown resin, and it 
shows many properties resembling those of diosphenol. It is a 
strong reducing agent, gives an intense blue-black coloration with 
ferric chloride, but, unlike diosphenol, it is insoluble in alkalis. 
Oxidation of 2-hydroxyeremophilone benzoate with ozone yields 
acetone and a trace of formaldehyde, together with a neutral crystal- 
line substance C,,H,,0;, m. p. 186—188°. The formation of acetone 
shows that the benzoate must contain mainly an isopropylidene and 
not, like eremophilone, an isopropeny] side chain. In eremophilone 
and 2-hydroxyeremophilone we have, therefore, another instance of 
the isomerism shown in the simpler terpene derivatives, such as 
geraniol and citral. The substance C,,H,,0; was found to be a 
mixed anhydride, since on hydrolysis with alcoholic potassium 
hydroxide it gave benzoic acid and a ketonic acid, which analysis of 
the monosemicarbazone, decomp. 215—216°, showed to have the 
composition C,,H,,0,. There can be little doubt that the anhydride 
has the formula (XIII), being formed from the primary product of 
the oxidation (XII) by loss of water, the acid obtained on its hydro- 
lysis being 9-nmsethyl-A?-decalene-4 : 6-dione-2-carboxylic acid (XIV). 
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The cyclisation of this anhydride is analogous to the formation of 
2-isopropyl-A®-cyclohexen-5-one-l-carboxylic acid (XVI) from the 
acid (XV) (Semmler and McKenzie, Ber., 1906, 39, 1160). It 
follows, therefore, that 2-hydroxyeremophilone benzoate must have 


COMe co 
a —s 
H, 0O,H CH, CH 
(XV.) CH, CO —> OH, CCO,H (XVI) 
hh NZ 
CH-CHMe, CGH-CHMe, 


the structure (XI) corresponding to the enol (VII) (p. 2746) and that 
it cannot be derived from the isomeric enol (VIIA), which must yield 
an acid on oxidation. 

Results of considerable interest have accrued from a study of the 
oxidation of 2-hydroxyeremophilone with hydrogen peroxide in 
alkaline solution. The main products of the reaction were (a) a 
substance, C,,H,.0;, m. p. 150—151°, showing strong phenolic 
properties, and (b) two isomeric acids, C,,H,,O,, m. p. 167—168° 
and 198°, respectively, There can be little doubt that the phenol, 
which gives an acetyl derivative, m. p. 122—123°, is 2-hydroay- 
eremophilone oxide (XVII); the two acids are probably stereo- 
isomerides having the structure (XVIII), the mechanism of their 
formation being shown in the scheme : 
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The two acids were not obtained in sufficient quantity for a 
detailed study of their reactions. However, they show a notable 
difference in their reaction with acetyl chloride; the «-acid, m. Pp- 
167°, gives with this reagent a substance, C,,H,,O,, m. P- 192”, 











Cue tore om 








ss con- fw 7 











THE CONSTITUTION OF EREMOPHILONE, ETC. 2749 


which is soluble in alkali and is probably the acetyl derivative of a 
lactonic acid (XIX or XX), whereas under similar conditions the 
g-acid, m. p. 198°, gives a substance which is insoluble in alkali. 
This substance could not be prepared in a state of purity, but it is 
probably the anhydride (X XI) (or its acetyl derivative) or the 
dilactone (X XII). 
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We regard these experiments as leaving no doubt that eremophilone 
has the structure (I) and 2-hydroxyeremophilone (XI), although 
both these substances are undoubtedly mixtures in that they con- 
tain isopropenyl and isopropylidene side chains in varying pro- 
portions. We have obtained no evidence that 2-hydroxyere- 
mophilone can exist in the isomeric form (VIIa), but it is not improb- 
able that in solution the diketonic form (V1) exists, since, although 
the crystalline.solid is colourless, it yields a yellow melt and dissolves 
in methyl] alcohol to give a yellow solution. An attempt to prepare 
@ quinoxaline derivative from it was unsuccessful. The structure 
assigned to the alcohol is supported by its physical constants, the 
molecular refraction showing a very marked exaltation (3:19). This 
is notably higher than the exaltation (0-92) shown by diosphenol, 
but too much weight must not be attached to the figures for 2-hydr- 
oxyeremophilone, since the rapidity with which this substance 
undergoes oxidation may have impaired the measurements of the 
physical constants. 

It will now be shown that the third crystalline constituent of the 
oil, m. p. 102—103°, is 2-hydroxy-1 : 2-dihydroeremophilone 
(XXIII). It forms a 2 : 4-dinitrophenylhydrazone, decomp. 239— 
241°, a dinitrobenzoate, m. p. 145—146°, and with acetic anhydride, 
a diacetate, m. p. 69—70°. On catalytic reduction it takes up one 
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molecule of hydrogen, giving 2-hydroxytetrahydroeremophilone 
(«-form), m. p. 84—85°, and dehydrogenation by selenium of the oil 
obtained by reduction with sodium and alcohol yields eudalene, 
The substance is, therefore, an unsaturated hydroxy-ketone with 
the same carbon skeleton as eremophilone, the diacetate being formed 
from the enolic form of the ketone. The next clue to the constitution 
of the hydroxy-ketone was the observation that on oxidation with 
hydrogen peroxide in alkaline solution it yields 1-methyl-4-(«-hydr- 
oxyisopropyl)cyclohexane-1-acetic-2-«-lactic acid («-form) (XVIII), 
m. p. 167—168°, identical with one of the isomeric acids obtained by 
the similar oxidation of 2-hydroxyeremophilone. This product might 
be expected to arise from one of the following (X XIII to X XV): 
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CH,| CH, CH,| CH, 
Cs ~.. NI S, 
Ho ff. YO HAC, VH, 9 (HOH 
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The formation of a dibasic acid, C,;H,,0,, on oxidation of 2-hydroxy- 
tetrahydroeremophilone with hydrogen peroxide excludes (XXV). 
A decision between the remaining alternatives in favour of (XXIII) 
was readily obtained, since reduction of 2-hydroxytetrahydro- 
eremophilone with sodium amalgam under the conditions used for 
the reduction of hydroxycamphor to camphor (Bredt and Bredt- 
Savelsberg, Ber., 1929, 62, 2214) yields tetrahydroeremophilone, 
thus fixing the position of the keto-group. 

2-Hydroxy-1 : 2-dihydroeremophilone resembles eremophilone 
rather than 2-hydroxyeremophilone in that on oxidation with ozone 
it gives formaldehyde, with only a trace of acetone. The C; side 
chain is, therefore, present mainly as the isopropenyl group, as shown 
(XXIII). The other product of the oxidation is an oil, the seml- 
carbazone of which, decomp. 214—216°, is undoubtedly the semt- 
carbazone of 6-acetyl-4 : 9-dimethyldecal-2-one-3-ol (X XVI). 

The 2-hydroxytetrahydroeremophilone prepared by the hydrogen- 
ation of 2-hydroxy-1 : 2-dihydroeremophilone crystallises with great 
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facility and yields a number of characteristic derivatives, the oxime 
melting at 154°. An isomeride has been prepared, however, by the 
catalytic hydrogenation of 2-hydroxyeremophilone benzoate, which 
is an oil, and from which an oxime, m. p. 146°, was obtained. The 
relationship of these two alcohols, which are possibly cis-trans 
isomerides, has not been determined, and in the absence of any 
evidence regarding their configurations the crystalline alcohol has 
been designated «-2-hydroxytetrahydroeremophilone, and that from 
the benzoy] derivative is designated 6-. 

An alcohol, m. p. 101—103°, having the same composition as 
2-hydroxy-1 : 2-dihydroeremophilone and yielding an acetyl deriv- 
ative, m. p. 68-5—69-5°, has been separated from the oil prepared 
from the wood of Sanialum Preissianum (Schimmel’s Rep., April, 
1891, 49; Oct., 1891, 34; Berkenheim, J. Russ. Phys. Chem. Soc 
1892, 24, 688). This is probably identical with 2-hydroxy-1 : 2-di- 
hydroeremophilone, the diacetyl derivative of which, as mentioned 
above, melts at 69—70°. We propose to investigate the constituents 
of this oil. 

The occurrence in one oil of these three closely related ketones 
appears to us to be of more than usual interest. It is obvious that 
eremophilone bears the same relationship to «-selinene (X XVII) as 
verbenone does to «-pinene. So far as we are aware, «-selinene has 
not been found in nature and it is possible also that the ketone is 
derived from «-eudesmol (X XVIII). 
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(XXVIL.) (XXVIIL) 


2-Hydroxyeremophilone might then be formed from eremophilone 
through eremophilone oxide (V). It is our intention to investigate 
the auto-oxidation products of «-selinene and «-eudesmol. 


EXPERIMENTAL, 
Eremophilone (1). 

The ketone, regenerated from the semicarbazone by oxalic acid, was a 
colourless mobile oil with a faint and somewhat unpleasant odour. It solidified 
When cooled in a freezing mixture or inoculated, and then crystallised from 
MeOH in long prismatic needles, m. p. 41—42°, b. p. 171°/15 mm., d25. 0-9994, 
ne” 15182, [a]s,¢, — 207° (in MeOH, c = 2-46),* [R,]p 66-12 (cale. for 
C,,H,,0|>, 66-15). Hremophilone is somewhat readily oxidised and if kept in 








* All rotatory powers were determined in a 1 dm. tube. 
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a corked tube for a month slowly changes to a yellow oil. For this reason, 
or owing to the presence of some impurity, it does not give good figures on 
analysis, both the freshly distilled oil and the recryst. solid yielding identical 
results either by macro- or micro-methods (Found : C, 81-6, 81-5, 81-8; H, 10-2, 
10-2, 10-1. C,,H,.0 requires C, 82-6; H, 10-1%). In EtOH eremophilone 
gave no colour with FeCl,, nor did it reduce Fehling’s solution; in CHCl, 
solution, at 0°, Br was rapidly absorbed, but after the addition of 2 mols. evolu- 
tion of HBr occurred and evaporation of the solvent left a viscid green oil. 
When H,S was passed into an EtOH-NH, solution of the ketone in salt-ice, 
an addition compound crystallised in pale yellow leaflets: it decomposed, 
however, when separated. The ketone was sol. in hot NaHSO, aq., and could 
be regenerated by treatment with alkali. With piperonal and m-nitrobenz- 
aldehyde the ketone condensed in the presence of NaOEt, but the products were 
amorphous and could not be purified. The semicarbazone crystallised from 
MeOH in clusters of radiating needles, decomp. 202—203°, [a]s4g, — 293° 
(in MeOH, c = 2-35) (Found: C, 69-7; H, 9-1. C,,H,,ON; requires C, 69-8; 
H, 9*1%). 

Hydroxymethylene-eremophilone.—To a suspension of finely divided Na 
(0-7 g.) in Et,0 (50 c.c.) and eremophilone (6 g.) cooled in salt-ice, amyl 
formate (3-6 g.) was gradually added. A deep brown solution resulted, the 
Na slowly dissolving. After 12 hr., ice was added, and the alkaline solution 
separated, extracted with Et,0, and made just acid with AcOH. The oil 
which separated was isolated and dried (MgSO,) in Et,0 and recovered as 
brown oil which crystallised on keeping; the crystals were drained and 
recrystallised twice from MeOH, hydroxymethylene-eremophilone forming 
faintly yellow, long, prismatic needles, m. p. 105°, which gave an intense 
purple-red colour with alc. FeCl, (Found : C, 78-4; H, 9-0. C,,H,.0, requires 
C, 78-1; H, 8-9%). 

Reduction of Eremophilone.—(i) Catalytic. The ketone (2-05 g.) in EtOH 
(25 c.c.) was, after the addition of Pd-norite (1 g.; Pd 10%), shaken in H: 
rapid absorption of gas occurred and ceased after 443 c.c. H (2-1 mols.) had 
been absorbed. 'etrahydroeremophilone,* isolated in the usual manner, was 4 
colourless mobile oil, b. p. 165°/17 mm., d25: 0-9641, n° 1-4909, [a]sq6, + 12°5° 
(in MeOH, c = 4-08), [R]p 66-71 (calc. for C,;H,,¢O, 67-08) (Found : C, 81-3; 
H, 11-4. C©,,H,,O requires C, 81-1; H, 11-7%). Tetrahydroeremophilone 
reacts with amyl nitrite and HCl in salt—ice to yield a crystalline nitroso- 
derivative, decomp. 139°, and with Na and amyl formate a liquid hydroxy- 
methylene derivative was obtained. In both cases the yield was too small to 
permit of purification. Cryst. derivatives could not be obtained by condens- 
ation with either piperonal or m-nitrobenzaldehyde. The semicarbazoné, 
which formed very readily, crystallised from MeOH, in which it was sparingly 
sol., in needles, decomp. 213—214° (Found: C, 68-8; H, 10-5; N, 147. 
C,,H,,ON, requires C, 68-8; H, 10-4; N, 15-1%). The oxime, prepared by 
refluxing the ketone with NH,OH,HCI and K,CO, in EtOH, crystallised from 
EtOH in clusters of needles, m. p. 126—127-5°, a trace not melting below 134°. 
The m. p. was not improved by repeated cryst., and it is possible that the 
oxime was a mixture of isomerides, [a],,,, + 17-2° (in CHCl, ¢ = 419) 





* For the prepn. of tetrahydroeremophilone in quantity it was found con- 
venient to reduce the crude essential oil and to purify the ketone so obtained 
through its semicarbazone. It was regenerated from this by hydrolysis with 
oxalic acid and steam distillation. 
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(Found: C, 75°8; H, 11-5. C,sH,,ON requires C, 76-0; H, 11-4%). The 
2 : 4-dinitrophenylhydrazone crystallised from EtOH, in which it was sparingly 
soluble, in soft orange needles, m. p. 178—179° (Found: N, 141. C,,Hg,0,N, 
requires N, 13-9%). 

(ii) With Na and EtOH. To a solution of eremophilone (9 g.) in EtOH 
(400 c.c.), Na (42 g.) was added as rapidly as possible, the mixture being heated 
on the water-bath. The EtOH was removed in steam, and the residual oil 
dissolved and dried (K,CO,) in Et,O and recovered. Dihydroeremophilol (II), 
b. p. 168—170°/14 mm., n}?’ 1-5089, [a]54¢; + 68°8° (in MeOH, c = 5-66), was a 
colourless, extremely viscid oil (Found: C, 81:0; H, 11-9. C,;H,,O requires 
C, 81:1; H, 11-7%). The 3: 5-dinitrobenzoate, prepared by treating the 
alcohol with 3 : 5-dinitrobenzoy] chloride in pyridine solution, crystallised from 
MeOH in leaflets, m. p. 119—121° (Found: C, 63-8; H, 6-6. C,.H,,0,N, 
requires C, 63-5; H, 6-7%). Dihydroeremophilol was readily oxidised by 
CrO, in AcOH solution to the corresponding ketone, dihydroeremophilone, the 
semicarbazone of which crystallised in needles, decomp. 214—215° (Found : 
C, 69-5; H, 9-7. C,gH,,ON, requires C, 69-3; H, 9-7%). 

Dehydrogenation of Dihydroeremophilol.—A suspension of Se (7 g.) in the 
alcohol (4 g.) was heated at 270—300° for 40 hr.; much H,Se was then evolved. 
The cooled residue was dissolved in Et,O, the solution filtered, and after 
removal of the Et,O the oil was distilled, the fraction b. p. up to 155°/11 mm. 
being collected separately. This gave a picrate, m. p. 90—91-5° both alone 
and after admixture with authentic eudalene picrate, for which we are indebted 
to Professor L. Ruzicka. 

Oxidation of Dihydroeremophilone with Ozone.—O, was passed through a 
eooled solution of the alcohol (4 g., regenerated from the dinitrobenzoyl 
derivative) in pure dry CCl, (20 c.c.), the issuing gases, which smelt strongly 
of formaldehyde, being passed through H,O. The presence of formaldehyde 
in the wash H,O was proved by the prepn. of its dimedone derivative, m. p. 
187—188°, both alone and in admixture with an authentic specimen. The 
CCl, was removed under diminished press., and the viscid residue decomposed 
with steam : a mobile oil (0-4 g.) which passed over in small quantity did not 
yield a cryst. derivative with 2 : 4-dinitrophenylhydrazine, and on treatment 
with NaOBr gave CHBr, and an acid (0-1 g., prisms) in quantity too small for 
investigation. The residue in the distilling flask was made alkaline, and the 
oil dissolved and dried in Et,O and recovered (2-4 g.). A portion of this oil 
was treated with 2: 4-dinitrophenylhydrazine sulphate, a flocculent ppt. 
separating. This was repeatedly crystallised from EtOH; a small quantity 
of a red resinous impurity rendered purification difficult, but ultimately 
6-acetyl-4 : 9-dimethyl-2-decalol-2 : 4-dinitrophenylhydrazone was obtained as 
minute orange needles, m. p. 146—149° (Found: C, 59-6; H, 7-3. CygH,,0,;N, 
requires C, 69-4; H,6-9%). The remainder of the ketone was suspended in 
dilute MeOH and treated with an excess of NaOBr aq.; after 1 hr., addition 
of H,O pptd. CHBr,. The excess of hypobromite was removed with SO,, 
and the MeOH and CHBr, by evaporation on the water-bath, the cooled 
solution acidified and extracted with Et,O, the ethereal solution dried, and the 
solvent evaporated. The colourless viscid oil obtained partly crystallised on 
keeping and the solid was purified with considerable difficulty by crystn, from 
dil. MeOH, 4 : 9-dimethyl-2-decalol-6-carboxylic acid (IV) being obtained in 
small plates, m. p. about 155° (Found: C, 68-6; H, 9-2. C,,;H,.0, requires 
C, 69-0; H, 9-7%). 
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Oxidation of Eremophilone with Hydrogen Peroxide. Eremophilone Oxide 
(V).—To a solution of the ketone (5 g.) in MeOH (50 c.c.) cooled to — 1°, a 
mixture of NaOH (4N, 5-7 c.c.) and H,O, (15%, 11 ¢.c.) was gradually added, 
care being taken that the temp. did not rise above 2°. A faint red colour 
developed first, but this faded and a pale yellow solution was obtained, an oil 
being deposited which gradually redissolved. After remaining in salt—ice for 
1-5 hr. and at 22° for 2 hr., the mixture was poured on ice~H,O (200 c.c.), 
a cryst. solid separating. The solid from two such oxidations was collected, 
washed with H,O, and drained on porous porcelain to remove a trace of 
adhering oil (yield, 7-4 g.). The milky filtrate was extracted with Et,O, and 
the extract dried with K,CO,; evaporation then gave an oil (1-8 g.) which 
partly crystallised and from which a further quantity of the oxide could be 
obtained. Acidification of the alkaline solution and extraction with Et,0 
gave a gummy acid (1 g.). Hremophilone oxide crystallised from ligroin 
(b.p. 40—60°) in prismatic needles, m. p. 63—64°, [a]54,, — 208° (in MeOH, 
c = 1-94). It was very readily sol. in the ordinary org. solvents (Found: 
C, 76-8; H, 9-9. C,5H,,0, requires C, 76-9; H, 9-4%). The oxide gave an 
amorphous semicarbazone, and the nitrosochloride was an oil. 

Dihydroeremophilone oxide was obtained when eremophilone oxide (4 g.) in 
EtOH (30 c.c.) containing Pd-norite (1 g., Pd 10%) was shaken in H. It 
crystallised from dil. MeOH in needles, m. p. 53—54°, [a]s54¢, — 205° (in MeOH, 
c = 2-07) (Found: C, 76:3; H, 10-4. C,;H,,0O, requires C, 76-3; H, 10-2%). 

Conversion of Eremophilone Oxide into 2-Hydroxyeremophilone (VII).—A 

mixture of the oxide (5 g.), AcOH (25 c.c.), and anhyd. AcONa (5 g.) was 
boiled under reflux for 2 hr. The colourless solution gradually became yellow, 
then brown, and finally bright green. Addition of H,O to the cooled solution 
separated a yellow oil, which was dissolved in Et,0, washed with Na,CO, aq. 
(which removed AcOH and a small quantity of a liquid acid), dried, and 
recovered. The oil, which gave no colour with FeCl,, was dissolved in EtOH 
(30 c.c.) and, after the addition of KOH (4 g.) in H,O, heated on the water-bath 
for5min. The oil pptd. by the addition of H,O and acidification was dissolved 
in Et,0, washed with H,O until free from EtOH, dried (CaCl,), and recovered, 
The brown oil (5 g.) so obtained, which gave an intense bluish-black coloration 
with FeCl,, was dissolved in pyridine (20 c.c.) and to the mixture, cooled in 
salt—ice, benzoyl chloride (2-2 g.) was slowly added. After remaining over- 
night, the solution was poured on ice, a viscid reddish-brown oil separating. 
This was dissolved in Et,0, washed successively with dil. H,SO,, Na,CO, aq. 
and H,0O, dried over CaCl,, recovered, and distilled (2 mm.), the fraction, b. p. 
200—240°, being collected separately. This fraction (2-5 g.), which was a viscid 
gel, was dissolved in an equal vol. of MeOH and kept at 0° for 24hr. The solid 
which had separated crystallised from MeOH in prisms, m. p. 119—120°, both 
alone and after admixture with benzoyl-2-hydroxyeremophilone prepared from 
the natural alcohol (p. 2755) (Found: C, 78-1; H, 7°8. C, ,H.,0,; requires 
C, 78:1; H, 7-7%). [a]sae, + 166° (in AcOEt, c = 1-02). 


2-Hydroxyeremophilone. 
2-Hydroxyeremophilone, obtained by the hydrolysis of the cryst. benzoyl 
derivative (see below) with methyl-aic. KOH, was a pale yellow, very viscid 
oil, b. p. 189—190°/22 mm., with a characteristic smell somewhat reminiscent 
of ionone. It solidified on keeping and then crystallised from MeOH in 
colourless prisms, m. p. 66—67°. The supercooled oil had d%. 1-0620, ny 
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15564, [a]s4e, +153° (in MeOH, c = 2-51), [Rz]p 70-85 (calc. for C,,;H,,0,|,, 
67-67). The hydroxy-ketone oxidised with extreme rapidity on exposure 
to the air, the crystals passing into a brown resin. This is reflected in the 
analytical figures, although the substance was analysed as soon as possible 
after recrystn. (Found : C, 76-3; H, 9-2. C,;H,.0, requires C, 76-9; H, 9-4%). 
The hydroxy-ketone was insol. in alkali, although it gave a yellow colour to 
aq. NaOH; in EtOH it immediately reduced Fehling’s and silver solutions 
and with FeCl, it gave an intense bluish-black coloration. Like eremophilone, 
2-hydroxyeremophilone is sol. in NaHSO, aq. and can be recovered by means 
of alkali. 

The facility with which the hydroxy-ketone resinified in air, especially in the 
presence of alkali, rendered special precautions necessary in the prepn. of 
derivatives. The benzoyl derivative, prepared by the benzoyl chloride— 
pyridine method at 0°, crystallised from MeOH in stout prisms, frequently 
twinned; m. p. 119—120°, [a]54,, + 162° (in AcOEt, c = 2-01) (Found: 
C, 78-0; H, 7-8. C,.H,,0, requires C, 78-1; H, 7-7%). In an attempt to 
prepare the oxime, NH,OH,HCI (0-7 g.) in EtOH (15 c.c.:) and KOH (1 g.) in 
H,0 (3 c.c.) were added to a solution of the hydroxy-ketone (1 g.) after the air 
in the apparatus had been replaced by N, and the mixture was heated under 
reflux for 6 hr. After addition of H,O the N was replaced by CO,, and the 
solution cooled. The solid was collected, an oilyimpurity removed by washing 
with ligroin (b. p. 40—60°), and the residue crystallised from 50% MeOH, from 
which it separated in leaflets, m. p. 157—158° after sintering at 148°. Analysis 
(Found : C, 69-7, 69-9; H, 9-1, 9-1. C,,H,,0,N requires C, 72-3; H, 9:2%) 
indicates that this was not the simple oxime. 

Oxidation of 2-Hydroxyeremophilone.—{i) With ozone. A solution of the 
henzoyloxy-ketone (3 g.) in pure dry CCl, (25 c.c.) was treated with O;, the 
issuing gases being passed through H,O (A). The CCl, was removed in vac., 
and the residual gum refluxed with H,O, a trap containing p-nitrophenyl- 
hydrazine in dil. AcOH being attached to the condenser. The cryst. ppt. which 
separated in the trap had m. p. 147—148°, both alone and after admixture with 
acetone-p-nitrophenylhydrazone. The aq. solution (A) contained a trace of 
HCHO (dimedone test). After the ozonide had been boiled for 1 hr., the cooled 
solution contained a cryst. solid ; this was collected and a portion recrystallised 
from EtOH, in which it was very sparingly sol., and with which it slowly 
reacted on prolonged boiling. The anhydride (XIII) crystallised in short 
needles, m. p. 186—188° (Found: C, 70-1; H, 5-7. C,,H,,0, requires C, 
69-9; H, 5-5%). The mother-liquor of the anhydride was made alkaline with 
KOH and warmed on the water-bath for a short time. After removal of the 
EtOH, when the cooled solution was acidified, benzoic acid (m. p. and mixed 
m. p.) and an oily acid were obtained. The latter was prepared more con- 
veniently by keeping the anhydride in cold dil. MeOH containing slightly more 
than the calc. quantity of NaOH for 12 hr., the solution being then saturated 
with CO,, the MeOH removed on the water-bath in a current of CO,, the 
solution acidified, the pptd. acids extracted with Et,O, the benzoic acid 
removed in steam, and the residual liquid saturated with Am,SO, and extracted 
with Et,0. Evaporation of the solvent left an oil. This was mixed with aq. 
semicarbazide acetate and kept over-night; a cryst. solid, mixed with some 
oil, had then separated. The oii dissolved on warming, the hot solution was 
filtered, and the semicarbazone of 9-methyl-A®-decalene-4 : 6-dione-2-carboxylic 
aid crystallised from EtOH, in which it was sparingly sol., in rhombohedra, 
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decomp. 215—216° if introduced into a bath preheated to 195°. The decomp, 
point was much lower if taken in the usual manner. The substance, which is 
sol. in Na,CO, aq., crystallised with 2 EtOH, which were not removed at 100° 
under low press. Two distinct specimens were analysed (Found: C, 54-9, 
55-1; H, 7-9, 8-1. C,,;H,,0,N;,2C,H,O requires C, 55-0; H, 7-8%). 

(ii) With hydrogen peroxide. To a solution of the hydroxy-ketone (8 g.) in 
MeOH (40 c.c.), a mixture of 4N-NaOH (14 c.c.) and H,O, (28 c.c., 15%) was 
added. A deep reddish-brown colour developed, which became lighter on 
standing, but very little heat was generated. After 12 hr., the mixture was 
poured into H,O, the neutral oil (4 g.) removed with Et,O, the alkaline solution 
acidified and extracted with Et,O (3 times), and the extract washed succes- 
sively with NaHCO, aq. (A), Na,CO, aq. (B), and NaOH aq. (C). The NaOH 
solution (C), which was deep red, was saturated with CO,; an oil (0-9 g.) then 
separated and in time partly crystallised. The oily solid was dissolved in 
Et,O and after removal of the solvent redissolved in NaOH aq. and repptd. by 
CO,. After isolation by Et,O, the solid was drained and purified by erystn. 
from MeOH, 2-hydroxyeremophilone oxide (XVII) separating in large prisms, 
m. p. 150—151°, [a]s4¢1 + 196° (in MeOH, c = 2-07) (Found : C, 72-0; H, 8-3, 
C,;H,,0, requires C, 72-0; H, 8-8%). In EtOH the oxide gave with FeCl, 
a bluish-purple coloration and it reduced Fehling’s and silver solutions. The 
acetyl derivative, obtained when the oxide was heated with Ac,O containing 
a drop of pyridine on the water-bath for 1 hr., crystallised from either dil, 
MeOH or ligroin (b. p. 40—60°) in slender prisms, m, p. 122—123° (Found; 
C, 69-8; H, 7-9. C,,H,,O, requires C, 69-9; H, 8-2%). The NaHCO, 
solution (A) was acidified, the liquid mixture of acids extracted with Et,0O, the 
oil (3-2 g.) left on evaporation of the solvent dissolved in NH, aq., an amorph. 
Ca salt pptd. from the faintly alkaline solution by an excess of CaCl,, and the 
filtrate acidified; the oil which separated partly crystallised when scratched. 
On extraction with Et,O, a white solid (X) remained, which was collected; 
the extract was dried, and the solvent evaporated. After being kept for 
several days in vac., the residual oil partly crystallised when rubbed with a 
little dry Et,O. The solid (Y) was separated, and after draining on porous 
porcelain was dissolved in hot dry Et,O : the cryst. solid which separated after 
some days was added to (X). This acid, 1-methyl-4-(a-hydroxyisopropyl)cyclo- 
hexane-1-acetic-2-a-lactic acid (a-form) (XVIII), readily crystallised from AcOEt 
in thin plates with very sharp edges, decomp. 167—168° after sintering at 140° 
(Found: C, 59-6; H, 8-6; M, 302. C,,;H,,0, requires C, 59-6; H, 8-6%; 
M, 302). The hydroxy-acid was stable to KMnQ, in alkaline solution and was 
only slowly attacked in acid solution; its ale. solution gave no colour with 
FeCl,. When the acid was digested with acetyl chloride, the acetyl derivative 
of the lactonie acid (KIX or XX) was obtained, which crystallised from dil. 
MeOH in prismatic needles, decomp. 192—193° (Found: C, 62-6; H, 8-0; 
M, 327. ©,;H,,O, requires C, 62-6; H, 8-0%; M, 326). The ethereal 
solution of the acid (Y) from which the sparingly sol. a-acid had been separated 
was evaporated, and the residue repeatedly recrystallised from dil. MeOH, 
1-methyl-4-(a-hydroxyisopropyl)cyclohexane-1-acetic-2-a-lactic acid (B-form) 
(XVIII) being obtained in long prismatic needles, decomp. 198° (Found: 
C, 59-9; H, 8-6; M, 298). When this acid was digested with acetyl chloride, 
an anhydride or dilactone, m. p. about 172°, was obtained which was insol. in 
NaOH aq.: the quantity was insufficient for purification. The Na,00; 
solution (B) gave a liquid acid (0-6 g.) which on keeping developed a green 
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colour; it was not further examined. The original Et,O extract (see above) 
which had been washed with NaOH gave, on evaporation, a further small 
quantity of the oxide. 

Reduction of Benzoyl-2-hydroxyeremophilone.—A solution of the benzoyl 
derivative (5 g.) in AcOEt (60 c.c.) was shaken with H, after the addition of 
Pd-norite (1 g.; Pd 10%). The absorption of gas was very slow and ceased 
after the addition of 617 c.c. (1-86 mols.). The filtered solution gave, on 
removal of the solvent, a viscid oil which did not crystallise and was therefore 
hydrolysed to the hydroxy-ketone with methyl-alc. KOH (5 g. KOH). The 
hydroxy-ketone was a pale yellow oil which slowly reduced Fehling’s solution. 
It was digested for 6 hr. with an excess of NH,OH,HCl and KOH in MeOH 
solution, H,O added, and the pptd. 2-hydroxytetrahydroeremophilone oxime 
(B-form) crystallised from MeOH, forming prisms with hexagonal ends, m. p. 
146° after sintering at 143° (Found: C, 71-7; H, 10-8. C,,;H,,0,N requires 
0, 71-2; H,10-7%). The oxime gave no colour with alc. FeCl. 


2-Hydroxy-1 : 2-dihydroeremophilone (XXIII). 


The hydroxy-ketone was purified by repeated crystn. from MeOH, from 
which it separated in long slender prisms, m. p. 102—103°, [a]sa¢, + 94° (in 
McOH, ¢ = 2-02) (Found: C, 76-3; H, 10-5. C,;H,,O, requires C, 76-3; 
H, 10-2%). It is insol. in H,O, sparingly sol. in MeOH and EtOH, and some- 
what readily sol. in the other org. solvents. Its alc. solution gave no colour 
with FeCl,, but readily reduced Fehling’s solution. The 2 : 4-dinitrophenyl- 
hydrazone, which formed slowly, crystallised from EtOH, in which it was 
sparingly sol., in golden-yellow needles, decomp. 239—241° (Found: C, 61-1; 
H, 7-0. C,,H,,0;N, requires C,.60-6; H, 6-7%). The diacetate, prepared by 
digesting the alcohol with Ac,O and a drop of pyridine for 1 hr., crystallises 
from MeOH in prisms, m. p. 69—70° (Found: OC, 71-4, 71-1; H, 8-8, 9-1. 
C,,H,,0, requires C, 71-2; H,8-7%). The 3: 5-dinitrobenzoate, prepared from 
the hydroxy-ketone and 3 : 5-dinitrobenzoyl chloride in pyridine, the mixture 
being finally heated on the water-bath for 3 hr., crystallised from MeOH in soft 
needles, m. p. 145—146° after sintering at 139—140° (Found : C, 61-6; H, 6-4. 
Cy,H,.O,N, requires C, 61-4; H, 60%). The hydroxy-ketone did not react 
with phthalic anhydride at 110—120°. In the presence of NaOEt it reacted 
with m-nitrobenzaldehyde to give an amorph. brown solid which could not 
be purified. When the hydroxy-ketone was digested with formic acid, an oil 
distilling at 165—180°/15 mm. was obtained, which in EtOH gave an intense 
blue colour with FeCl, and with 2: 4-dinitrophenylhydrazine yielded an 
amorph. red ppt. Sufficient material was not available for further investig- 
ation of this reaction. The alcohol was readily oxidised by CrO, in AcOH. 
If sufficient of this was used to oxidise the secondary alcohol group, much of 
the keto-alcohol was recovered unchanged, but an alc. solution of the product 
gave a deep blue-black colour with FeCl,, indicating that some 2-hydroxy- 
eremophilone had been formed. The main products of the reaction were acidic 
and were not further investigated. 

Reduction of 2-Hydroxy-1 : 2-dihydroeremophilone.—{i) Catalytic. The 
hydroxy-ketone (4 g.) in EtOH (100 c.c.) was shaken with Pd-norite (1 g., Pd 
10%) in H, and 373 c.c. (0-98 mol.) were absorbed. Addition of H,O to the 
filtered solution pptd. 2-hydroaytetrahydroeremophilone (a-form), which crystal- 
lised from MeOH in cubes, m. p. 84—85°, [a]ggg1 + 84°2° (in MeOH, ¢ = 2-07) 
(Bound: C, 76:7; H, 1l-l. C,,H,,0, requires C, 75-6; H, 109% In 
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EtOH the hydroxy-ketone reduced Fehling’s solution, but it gave no colour 
with FeCl,. The oxime crystallised from dil. MeOH in fine needles, m. p. 
158—160° after sintering at 154° (Found: C, 71-2; H, 10-6. C,;H,,0,N 
requires C, 71-2; H, 10-7%), and the 2 : 4-dinitrophenylhydrazone from EtOH 
in orange needles melting, after three crystns., at 210—220° (Found: C, 60-6; 
H, 7-1. C,,Hg90,N, requires C, 60-3; H, 7-2%). 

(ii) With sodium and alcohol. To a solution of the hydroxy-ketone (4 g.) in 
EtOH (200 c.c.), Na (15 g.) was added as rapidly as possible, the mixture being 
heated on the water-bath. The EtOH was removed in steam, the oil which 
remained dissolved in Et,0, the Et,O solution dried over K,CO;, and the 
solvent removed. The glycol remained as a viscid yellow oil, which could not 
be crystallised. Its 3: 5-dinitrobenzoyl derivative was an oil which 
solidified below 0°, but liquefied at room temp. Without further purification 
the glycol was heated with Se at 300° for 48 hr., and the product distilled, 
From the oil, b. p. below 160°/18 mm., eudalene picrate was obtained, m. p. 
91°, both alone and after admixture with an authentic specimen. 

Oxidation of 2-Hydroxy-1 : 2-dihydroeremophilone.—({i) With ozone. O, was 
passed through a solution of the hydroxy-ketone (1-05 g.) in CCl, cooled in 
salt—ice and the issuing gases were passed through H,O. The H,O solution 
smelt strongly of formaldehyde and the presence of this was confirmed as 
described previously. The CCl, was removed in vac., the ozonide decomposed 
by digestion with H,O, and the solution made alkaline with Na,CO, and 
extracted with Et,0; the Et,O solution was washed with NaOH aq. to remove 
traces of a weak acid and dried, and the solvent evaporated, leaving an oil 
(0-45 g.). In H,O suspension this gave an immediate ppt. of CHBr, with 
NaOBr and the filtered solution deposited a liquid acid on acidification. The 
ketone was mixed with semicarbazide acetate in dil. EtOH and after some days 
the semicarbazone was pptd. with H,O, washed with Et,O0 to remove a resinous 
impurity, and crystallised, 6-acetyl-4 : 9-dimethyldecal-2-one-3-ol semicarbazone 
being obtained in minute plates, decomp. 216—219° (Found: C, 61-3, 61-1; 
H, 8-2, 8-0. C,,;H,,0,N; requires C, 61-1; H, 8-5%). 

(ii) With hydrogen peroxide. To a solution of the hydroxy-ketone (4-2 g.) 
in MeOH (40 c.c.), a mixture of H,O, (30%; 7 c.c.) and 4N-NaOH (7 c.c.) was 
added. A yellow colour appeared and some heat was developed. After 
12 hr., the reaction mixture, which had deposited some solid, was poured into 
H,O. The pptd. solid (2°5 g.) was identified as unchanged hydroxy-ketone, 
m. p. 103°. After extraction with Et,0 to remove neutral products, the 
alkaline solution was saturated with CO,. A colourless oil separated which, 
after solution in Et,0 and evaporation of the solvent, partly crystallised, but 
the quantity (0-1 g.) was insufficient for purification. Its EtOH solution 
gave with FeCl, a dirty brown, almost black, colour. The NaHCO, solution 
was acidified, the viscid oil which separated dissolved in Et,O, and the solution 
dried and evaporated. The residual oil partly crystallised on keeping and the 
solid, after draining on porous porcelain, crystallised from Et,O in thin plates, 
decomp. 167—168°, both alone and after admixture with 1-methy!-4-(a-hydr- 
oxyisopropy])cyclohexane-1-acetic-2-a-lactic acid (a-form) (p. 2756). 

Reduction of 2-Hydroxytetrahydroeremophilone with Sodium Amalgam.— 
To a mechanically stirred solution of 2-hydroxytetrahydroeremophilone (5 g-) 
in EtOH (300 c.c., 50%), Na—Hg (100 g., 4%) was added gradually, the temp. 
being maintained at 40—50° for 5 hr., and EtOH added from time to time to 
replace that lost by evaporation. After 12 hr., the solution was decanted from 














eo = = © ww 


ae ak ok oe 


i 


_ st” tae 2 oe 








- @ 


_ ae ae | ee ae 


we 











THE ALKALOIDS OF PICRALIMA KLAINEANA, PIERRE. PART II. 2759 


the Hg and distilled in steam; after removal of the EtOH, an oil passed over. 
This was separated with Et,O and distilled (18 mm.); b. p. 165—175°. The 
colourless viscid oil so obtained was identified as tetrahydroeremophilone by 
the prepn. of the 2 : 4-dinitrophenylhydrazone and the semicarbazone, which 
melted and decomposed, respectively, at 177—178° and 213—214°, both alone 
and in admixture with authentic specimens. 

Oxidation of 2-Hydroxytetrahydroeremophilone.—(i) With hydrogen peroxide. 
To a solution of the hydroxy-ketone (1 g.) in MeOH (15 c.c.), 4N-NaOH 
(1-14 c.c.) and H,O, (15%, 2-2 c.c.) were added: no heat was generated and 
the hydroxy-ketone separated. The mixture was therefore warmed at 50— 
60° for 15 min. and kept over-night. Addition of H,O pptd. unchanged 
hydroxy-ketone (0-6 g.), which was separated; the alkaline solution was 

acidified and extracted with Et,0, and the extract washed with Na,CO, aq., 
dried, and evaporated, leaving a trace of an oil which gave a greenish-black 
colour with FeCl,. The Na,CO, solution was acidified and the liquid acid 
which separated was extracted and dried in Et,O and recovered as a very viscid 
oil (0-4 g.), which was kept in vac. over H,SO, for some days (Found : C, 66-8; 
H, 10-2. C,,H,,0, requires C, 66-7; H, 9-6%). 

(ii) With chromic acid. To a solution of the hydroxy-ketone (0-7 g.) in 
AcOH (3 c.c.), CrO, (0-2 g.) in AcOH was slowly added. The oxidation 
proceeded rapidly and was completed by warming on the water-bath for 15 
min. After the addition of H,O, the pptd. oil was dissolved in Et,0, washed 
with Na,CO, aq. to remove AcOH and a trace of a liquid acid, dried, and 
recovered as a yellow oil which gave a green colour with alc. FeCl,. It was 
insol. in NaOH. 2-Hydroxy-w-dihydroeremophilone-2 : 4-dinitrophenylhydraz- 
one separated at once on addition of 2 : 4-dinitrophenylhydrazine sulphate to 
an EtOH solution of the ketone and crystallised from EtOH, in which it was 
very sparingly sol., in pale sulphur-yellow needles, m. p. 158—160° (Found : 
C, 60-7; H, 6-6. C,,H,,0;N, requires C, 60-6; H, 6-7%). 


We are indebted to the Royal Society and to Imperial Chemical Industries 
for grants. 
University CoLLEGE oF N. WALES, TECHNOLOGICAL MusEuM, 


BANGOR. Sypney, N.S.W. 
[ Received, October 3rd, 1932.] 





415. ThesAlkaloids of Picralima Klaineana, 
Pierre. Part Il. 


By Tuomas A. Henry. 


‘ 


THovuGH the seeds of Picralima klaineana, Pierre, known as ‘ aku- 
amma ’’ in the Gold Coast Colony, have a wide-spread reputation 
among natives in tropical Africa as a remedy for malaria, the tree 
yielding them is nowhere abundant and supplies of seed are difficult 
to obtain. It was hoped that if native belief in the therapeutic 
value of the seeds were confirmed, cultivation of the tree might be 
undertaken, but the results of trials of the total alkaloids and of the 
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principal alkaloid, akuammine, in bird malaria, for which the author 
is indebted to Dr. J. W. 8. Macfie, have shown that these alkaloids 
are without remedial action in this disease and presumably also in 
human malaria. It is an interesting fact that the reputation of no 
native remedy for malaria has so far survived careful pharmaco- 
logical or clinical experiment, with the exception of cinchona, and 
it is a disputed point whether the anti-malarial value of cinchona 
was known before the advent of Europeans to South America. 

In the course of the present investigation six samples of akuamma 
seed have been examined, four from the Gold Coast Colony, one 


from the Belgian Congo, and one from Uganda. In these the 


percentage of total alkaloids has varied from 3-5 to 4:8. 

The components of the total alkaloids so far known (Henry and 
Sharp, J., 1927, 1950) are (A) a weakly basic, asphaltic substance; 
(B) a strongly basic, amorphous alkaloid, readily distinguished by 
the ultramarine-blue colour which aqueous solutions of its salts give 
with ferric chloride; (C) the crystalline alkaloid akuammine, 
Co9H,,0,N,, which forms from 11 to 16% of the total alkaloids; 
and (D) a second: crystalline alkaloid, for which the name akuam- 
micine is now proposed, and which has not hitherto been available 
in sufficient quantity for detailed description. 

The present paper describes (1) a better method for the isolation 
of akuammicine; (2) the isolation and characterisation of six new 
alkaloids, of which five are crystalline and the sixth has been obtained 
as a well-crystallised scarlet picrate; and (3) the occurrence of 
akuammine hydrate in residues from the purification of akuammine, 
in which special precautions had been taken to avoid conversion of 
akuammine into the hydrate (loc. cit., p. 1958), so the latter must 
now be regarded as a natural constituent of the seeds. 

The alkaloids are isolated from the seeds in two main groups, the 
first group (a) being removed, along with fat and wax, by light 
petroleum and the second group (b) by extraction of the fat-free 
seeds with alcohol. Group (a) is almost entirely soluble in benzene 
and from such a solution three alkaloids can be separated in the 
following order, by fractional extraction with N-hydrochloric acid : 
amorphous alkaloid B (limit of fraction indicated by the colour 
reaction with ferric chloride already mentioned), pseudakuammicine, 
Cy9H.,0,N,, and its isomeride akuammicine, the hydrochlorides of 
the last two being readily separable owing to the great difference in 
their solubility in hot water. Group (b) is mainly composed of the 
asphaltic base A, from which the other bases are separated by extrac- 
tion, in a Soxhlet apparatus, with ether containing a little alcohol. 
Akuammine and akuammidine, C,,H,,0,N,, crystallise together as 
extraction proceeds and are finally separated by treatment with 
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boiling alcohol, in which akuammidine is easily soluble and akuam- 
mine almost insoluble. The alkaloids remaining in solution in the 
ether are recovered, dissolved as far as possible in benzene, and 
isolated by fractional extraction with N-hydrochloric acid, when the 
hydrochlorides are removed in the following order: amorphous 
alkaloid B (ferric chloride test), akuammiline, C,,H,,0,N,, pseud- 
akuammigine, C,.H,,0,N.,, and akuammenine, C.,H,.0,No, the last 
two being isolated as picrates partly from the ultimate acid extracts 
and partly from the residual benzene solution. Throughout this 
fractionation of both groups of alkaloids tar separates, and from this 
by treatment with acetone, akuammigine, C,,.H,,0,No, is obtained 
as the hydrochloride. 

The names, extended linear formule, yields, and typical colour 
reactions of the nine crystalline alkaloids so far obtained from the 


seeds are given in the following table. 
Colour reactions. 
A... 





Yield on a a 
Name. Extended linear formula. seeds, %. Conc. HNO. Piperonal +-HCl. 
) Bright green, be- cee oom. 
Akuammicine* 0,,H,,ON,(OMe) 0-0064 coming blue on ing to 
Pseudakuammicine § 0,,H,,ON,(OMe) 0-0037 J dilution with marine aoe on 
water standing 
Akuammenine CypHy,0,N(OMe) 0-0006 
Akuammidine* Ox9H2,0,.N.(OMe) 0-0340 Yellow 
Aknammigine* O,,H,30,N.(0Me) 0-0100 Bright yellow 
Pseudakuammigine* 0, 9H,.0,N(OMe)(NMe) 0-0170 Brown, changing | Pink, changing 
to yellow to amethyst or 
Akuammiline* 0,,H,,;0;N,(OMe) 00107 None standing 
Akuammine* OgoH,,0,N(OHXOMeXNMe) 0-5600 Blood-red 
Akuammine hydrate* C,,.H,,0,N(OH\OMe\NMe) — Blood-red 


The samples of akuamma seed worked up were usually small and 
the yields recorded in the table were those obtained from the only 
large sample, 21 kilog., received from the Gold Coast. With the 
exception of akuammine, of which about 120 grams have now been 
accumulated for further work, only small quantities of these alkaloids, 
ranging from 0-2 gram of akuammenine to 7-5 grams of akuam- 
midine, were available and consequently nothing but their charac- 
terisation and a few exploratory experiments could be attempted 
with them. 

The alkaloids whose names are marked with an asterisk in the 
table all yield crystalline monomethiodides except akuammigine, in 
which case it is still amorphous. All these methiodides behave as 
quaternary iodides, indicating the presence of at least one tertiary 
nitrogen atom in the parent alkaloid. No evidence that the second 
nitrogen atom in akuammine is present as an imino-group has been 
obtained. This base gives a benzoyl derivative, which behaves as a 
hormal O-benzoyl ester, and with nitrous acid it yields nitro- 
akuammine. Akuammidine also yields a monobenzoy] derivative, but 
this is neutral in reaction and insoluble in acids and the entering 
acyl group is apparently attached to a nitrogen atom ; this, however, 
4U 
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does not necessarily imply the presence of an imino-group in akuam. 
midine, and may be another of the now numerous instances of 
acylation being preceded by the scission of a heterocyclic nucleus, 
A nitroso-derivative of akuammidine has not been obtained, nitrous 
acid converting the base into an intractable amorphous product. 
Akuammigine, pseudakuammigine, and akuammiline also yield 
neutral benzoyl derivatives, apparently similar in type to benzoyl. 
akuammidine, but they crystallise badly and have not yet been 
obtained in a satisfactory condition for analysis. Benzoyl chloride 
converts akuammicine into a basic substance, which is very soluble 
in water, cannot be extracted from its aqueous solution by immiscible 
solvents, and has so far only been isolated as an impure picrate. 

In the hope of securing a further source of supply of these alkaloids 
the bark and leaves of Picralima klaineana have also been examined, 
but from them only amorphous alkaloids could be isolated; with 
possibly a trace of akuammidine from the bark. 

Among the non-alkaloidal constituents of the seeds are sucrose 
and ammonia with a trace of an alkylamine. There are also present 
a semi-solid fat, wax, and a substance resembling inulin. None of 
these has been examined so far, and they may prove of considerable 
biochemical interest, since Picralima klaineana is the only known 
member of its genus and little is known regarding the non-alkaloidal 
constituents of the botanical family, Apocynacee, to which this 
genus belongs. 

The author is indebted to the authorities of the Imperial Institute 
for the supplies of seed, bark, and leaves used, to Messrs. L. Barnett 
and A. C. Camfield for much assistance in experimental work, and 
to Messrs. A. Bennett and H. C. Clarke for numerous micro-analyses. 


EXPERIMENTAL. 


Petroleum Ezxtract.—As the seeds contain wax and fat which produce diffi- 
culties in the later operations, it is convenient to remove these components 
first by extraction with light petroleum, b. p. 60—80° (Soxhlet). This extract 
contains alkaloids, which are recovered by shaking it with portions of N-HC 
until the acid is no longer neutralised. From this aq. solution the alkaloids 
are pptd. by means of sat. Na,CO, aq. The washed ppt. is dried at room temp. 
in vac., weighed, dissolved as far as possible in C,H,, and fractionally extracted 
with N-HCl as described below. The fractions giving no colour with FeCh, 
(p. 2760), on slow evaporation deposit in the following order pseudak icine 
hydrochloride, m. p. 215°, akuammicine hydrochloride, m. p. 175°, and 4 little 
akuammiline hydrochloride, m. p. 198°, sometimes accompanied by traces of 
akuammigine and pseudakuammigine hydrochlorides. The latter is always 
present in the final residues, but it is not possible to isolate it as the picrate 
(p. 2763) owing to the persistently gelatinous character of the picrates of the 
other bases remaining in this residue. 

Alcoholic Extract.—The alc. extract of the fat-free seeds is worked up, # 
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described already, to the point at which the total alkaloids are pptd. with 
Na,CO, aq. (loc. cit., p. 1952). The washed dried ppt. is then exhausted 
(Soxhlet) with Et,O containing 3% EtOH. The crude akuammine, which 
accumulates in the extraction flask, is filtered out and purified as described 


_ (loc. cit., p. 1953). The ether—alcohol solution on concn. deposits a mixture 


of akuammine and akuwammidine, separable into its components by boiling 
EtOH, in which the first is sparingly, and the second readily, sol. The ether- 
alcohol filtrate is evaporated to dryness, and the residue exhausted with 
boiling C,H,. The weight of alkaloid in the C,H, solution is determined on 
an aliquot part and the whole solution, which usually deposits a little more 
akuammidine as it cools, is fractionally extracted with N-HCl, aliquot parts of 
acid, each equiv. to about 1/10th of the amount of N-acid required to extract 
the whole of the alkaloid present (1 g. of alkaloid = 2-25 c.c. of N-acid, 
approx.), being used. The earlier fractions of acid take out alkaloid B, as 
indicated by the ultramarine colour produced by a drop of FeCl, aq. The 
middle fractions give a slate colour with FeCl, and these on conen. deposit 
some akuammigine hydrochloride in small hard prisms, or gelatinise owing 
to the separation of this alkaloidal salt in colloidal form. The later fractions 
give no colour with FeCl, aq. and on concen. deposit akuammiline hydrochloride, 
and eventually leave residues from which pseudakuammigine can be isolated 
as the picrate (see below), or as the hydriodide by the addition of hot 40% 
KI aq. to a filtered boiling aq. solution of the residue. When the portions of 
N-acid cease to be neutralised, the C,H, solution is evaporated to dryness, the 
residue dissolved in a little EtOH, and a boiling EtOH solution of picrie acid 
added. Pseudakuammigine picrate is pptd. as the solution cools and can be 
crystallised by the addition of Me,CO drop by drop to its suspension in boiling 
EXOH. 

The mother-liquors from the crystn. of crude pseudakuammigine picrate 
are almost black and in closed vessels gradually deposit more of this salt as a 
brilliant scarlet ppt. When the latter is boiled with MeOH the clean, bright 
yellow picrate is left undissolved and the filtrate on cooling deposits brilliant 
sarlet flakes of crude akuammenine picrate. 

If the preliminary extraction of the seed with light petroleum is omitted or 
is incomplete, akuammicine and pseudakuammicine are found in the C,H, 
solution and a complex mixture of their hydrochlorides with those of pseud- 
tkuammigine and akuammiline separates in place of crude akuammiline 
hydrochloride. Such a mixture is best separated by repeated fractional 
crystn., alternately from boiling EtOH and boiling H,O; the four then separate 
in the order just named, the colour reactions of the first three with conc. HNO, 
being used as a rough guide to the progress of the separation. 

During the fractional extraction of the C,H, solutions with acid, tar separates 
and gradually covers the sides of the separator with a thin, hard, black crust. 
The separator is finally emptied, allowed to drain, and Me,CO run down the 
tides drop by drop. The tar dissolves and leaves behind minute crystals of 
akuammigine hydrochloride. The latter is also present in traces in the crude 
hydrochloride fractions of the other alkaloids (see above) and is recovered in 
the course of their purification. 

Description of the Alkaloids.—In the following account the m, p.’s are also 

‘comp. points except where two are given, in which case the lower is a true 
™.Pp.; the temp. are corrected. The combustion results and the determinations 
of methoxyl, methylimino-groups and halogens are from micro-analyses. The 
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methiodides were all prepared in the cold by allowing the base to stand with 
Mel: if necessary to secure solution, MeOH was added. In preparing acyl 
derivatives 0-2 to 0-4 g. of the base was boiled for a few min. with enough Bz() 
(or Ac,O in two cases) to dissolve it. After 24 hr. the mixture was shaken 
with H,O until the odour of the acylating agent had disappeared; CHCl, was 
then added, and after thorough agitation the aq. acid liquid containing any 
O-benzoyl derivative separated. The CHCl, solution was shaken with small 
quantities of sat. Na,CO, aq. until BzOH was no longer removed, then dried, 
and the solvent removed, leaving any neutral and presumably N-benzoyl 
derivative. 

Akuammine (loc. cit., p. 1954). When 0-25 g. of the base, dissolved in 10 c.c. 
of HCl (2%) and cooled to 0°, is mixed with 0-07 g. of NaNO, in 1 c.c. of H,0, 
a scarlet ppt. is formed, which can be recryst. from boiling H,O in minute 
prisms. It darkens at 230°, decomposes at 246° without melting, does not give 
Liebermann’s nitrosoamine reaction, and is readily sol. in Na,CO, aq., from 
which the corresponding base can be slowly extracted by Et,O and more 
readily by CHCl,. The substance has the composition of a nitroakuammin 
hydrochloride [Found : (1) loss at 120° in vac., 7°35. C,.H,,0,N.(NO,),HCI1,2H,0 
requires H,O, 7-2%. (2) for dry salt: C, 56-7; H, 5-8; N, 9-0; Cl, 7-36. 
C,,H,,0,N,(NO,),HCl requires C, 56-7; H, 6-05; N, 9-0; Cl, 76%]. Benzoyl- 
akuammine, prepared by the general method and recovered from the crude 
hydrochloride, crystallises from hot EtOH in anhyd. needles, m. p. 245° 
(Found: C, 70-9; H, 6-4; N, 5-9. C,,.H,,0,N,Bz requires C, 71-2; H, 66; 
N, 5-7%). 

When boiled with HCl (d 1-1), akuammine is converted into an asphaltic 
substance, which has all the physical properties of alkaloid A found naturally 
in akuamma seeds. The product could not be crystallised, but after boiling 
with EtOH, until nothing more dissolved, it formed a granular reddish-brown 
powder, the composition of which indicates that it is formed by demethylation 
and subsequent condensation of two mols. of akuammine, followed by loss of 
one Me from a NMe group (Found : C, 69-3; H, 6-5; N, 7-8; OMe, nil; NMe, 
4-4. C,,H,,0,N, requires C, 69-45; H, 6-8; N, 7-9; OMe, nil; NMe, 4-12 or 
8-24% for 2NMe). . 

Akuammine hydrate methiodide. When akuammine hydrate (loc. cit., p. 1958), 
suspended in MeOH, is treated with Mel, a dark green solution is formed, which 
rapidly decolourises and deposits a quant. yield of the methiodide in minute, 
pale brown needles. This substance has no m. p. up to 300°, and no satis- 
factory solvent has been found for recrystallising it without decomp. (Found 
for dry substance: C, 51-5; H, 5:3; N, 5-15; OMe,6-6; NMe, 11-3; I, 22%. 
Cy,H90;N,,MeI requires C, 50-7; H, 6-1; N, 5-1; OMe, 5-5; 2NMe, 106; 
I, 23-3%). The analytical results are, as was to be expected, not very good, 
but they leave no doubt that the substance is a simple methiodide of akuammine 
hydrate. 

Akuammidine. The base, isolated as described, separates from boiling EtOH 
in lustrous, thick, translucent needles, containing about 12% H,O (3H, requires 
13-3%): on exposure to air the crystals gradually become chalk-white and 
finally contain about 45% H,O. The substance has m. p. 248-5°, [a] + 21° 
(c = 1 in EtOH) or + 0-44° (c = 1-25 in Me,CO). In spite of the fall in 
rotation in Me,CO, the base is recovered unchanged from that solvent. It s 
sparingly sol. in CHCl,, EtOH, or Et,O and almost insol. in C,H, [Found : (1)™ 
air-dry base: loss at 120° in vac., 4-3. C,,H,,0,N,,H,O requires H,0, 49% 
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(2) in dry base: C, 71:3; H, 6-8; N, 83; OMe, 8:7; NMe, 1-6. C,,H,,0,N, 
requires C, 71-5; H, 6-8; N, 7-9; OMe, 8-8; NMe, 8-2%]. The hydrochloride 
separates as an oil from H,O or EtOH and has not been crystallised. A solu- 
tion of the base in N/10-HCl has [a]! +- 70-23° (ec = 2-74). The hydriodide, 
pptd. from a hot aq. solution of the oily, hydrochloride by KI, separates as an 
oil, which on standing hardens and on addition of EtOH to its suspension in 
H,O gradually crystallises in transparent prisms, m. p. 90° or m. p. 238° 
(anhyd.) [Found : (1) loss in vac. first at room temp. and finally at 120°, 10-1. 
C,,H.O;N,,HI,3H,0 requires H,O, 10-1. (2) for dry salt: C, 52-5; H, 5-45; 
N, 6-7; I, 26-2; OMe, 5-8; NMe, 2-3. C,,H,,0,N,,HI requires C, 52-4; 
H, 5:2; N, 5-8; I, 26-4; OMe, 6-4; NMe, 6-0%]. The perchlorate forms 
translucent hexagonal prisms, m. p. 70° and 110°. The freshly-pptd. picrate, 
dissolved in hot EtOH, separates on cooling in hard, dull yellow spheroids, 
m. p. 215°, and is then insol. in ordinary solvents. The methiodide crystallises 
from 50% MeOH in transparent prisms, m. p. 195° and 233°, [a]}* 
4+ 163° (c = 2-512 in MeOH) [Found: (1) loss at 120° in vac., 4-0. 
C,,H,,0;N,,CH,;I,H,O requires H,O, 3-6. (2) for dry salt: C, 53:2; H, 5-5; 
N, 56; OMe, 6-6; NMe, 6-2. C,,H.,0,N,,CH,I requires C, 53-4; H, 5-5; 
N, 5-6; OMe, 6-2; NMe, 5:8%]. The methiodide is isomeric, but not identical, 
with pseudakuammigine hydriodide. 

On acylation by the general method (see above) the acyl derivative of the 
base remains in the CHCl,, from which it is not extracted by acids or alkalis. 
On isolation, it is insol. in acids, but can be converted into a picrate or a 
methiodide : when boiled with either acids or alkalis, it regenerates akuam- 
midine and the appropriate acid. 

Acetylakuammidine is best crystallised by adding EtOH to its solution in 
CHCl, and slowly distilling off the latter. It forms minute, anhyd., colourless 
prisms, m. p. 272° (Found: C, 69-5; H, 6-5. C,,H,,0,N,Ac requires C, 70-1; 
H, 66%). Benzoylakuammidine crystallises from boiling EtOH in colourless 
needles, m. p. 219° (Found for substance dried at 120° in vac.: C, 73°35; 
H, 5-9; N, 6-4; OMe, 6-3; NMe, 1-2. C,,H,,0,N,Bz requires C, 73-6; H, 
62; N, 6-1; OMe, 6-8; NMe, 63%). Benzoylakuammidine methiodide 
crystallises from boiling MeOH in minute colourless prisms, m. p. 240° (Found 
for substance dried at 120° in vac.: C, 58°05; H, 5:7; N, 4:7; OMe, 4:7; 
NMe, 6-4. C,,H,,0,N,Bz,CH,I requires C, 58:2; H, 5:2; N, 4-6; OMe, 5-2; 
NMe, 4:8%). 

Akuammiline. The crude hydrochloride, cryst. until of constant m. p. and 
rotation, gives on analysis results which cannot be reconciled with those of the 
pure base and is therefore purified through the latter, a wasteful process, since 
the base only crystallises well from EtOH, in which it is readily sol. Akuam- 
miline forms translucent anhyd. prisms with a faintly yellow tinge, m. p. 160°, 
{af + 47-9° (c = 4-5 in EtOH), and is readily sol. in Et,0, CHCl, or warm 
C,H, (Found: C, 69-8; H, 6-6; N, 7:2; OMe, 7-7; NMe, 1-45. C,,.H,,0,N, 
requires C, 69-4; H, 6-3; N, 7-3; OMe, 8-1; NMe, 7-6%). The hydrochloride, 
prepared by neutralisation of the pure base, crystallises from H,O or EtOH 
in colourless needles, m. p. 196°, [a] — 29-6° (c = 3-84 in H,O) [Found: 
(1) loss at 120° in vac., 3-9. COC. H,,O,N,,HCI,H,O requires H,O, 4:1. 
(2) for dry salt: C, 63-6; H, 6-4; N, 7-2; Cl, 9-0; OMe, 6-8; NMe, 1-1. 
CyH,,0,N,,HCl requires C, 63-3; H, 6-0; N, 6-7; Cl, 8-5; OMe, 7-4; NMe, 
69%]. The hydriodide is unstable and apt to resinify on crystn. from hot 
4,0, but separates from hot 25% EtOH in colourless hair-like needles, m. p, 
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210° (Found for salt dried at 120° in vac.: C, 52-1; H, 4-8; N, 5-9; I, 25-5; 
OMe, 5-25. C,,.H,,O,N,,HI requires C, 51-95; H, 4-95; N, 5-5; I, 249; 
OMe, 6-1%). The nitrate crystallises from boiling H,O in stellate groups of 
prisms, m. p. 204° (Found: N, 9-1. C,,;H,,0,N,,HNO, requires N, 9-5%), 
The methiodide separates from hot H,O in anhyd. rosettes of colourless needles, 
m. p. 233°, [a]? — 83-3° (c = 1-36in EtOH). Its aq. solution is not pptd. on 
addition of KHO aq. (Found: C, 53-6; H, 5-5; N, 5-4; I, 24-7; OMe, 6-0; 
NMe, 6-9. C,,.H,,0,N,,CH;I requires C, 52-85; H, 5-2; N, 5-4; I, 243; 
OMe, 5-9; NMe, 5-6%). The benzoyl derivative is of the same type as that 
yielded by akuammidine, but has not been obtained cryst.: it yields a cryst, 
methiodide, which has not been obtained pure, and an amorphous picrate. 

Akuammigine. The crude hydrochloride can be crystallised with difficulty 
from boiling H,O, EtOH or 50% MeOH, owing to its sparing solubility, and 
then forms minute, anhyd., colourless prisms, m. p. 287°, [a]?” — 37-8° (c = 
0-835 in MeOH) (Found: C, 65-5; H, 6-4; N, 7-4; OMe, 7-8; NMe, 0-8. 
C,,H,,O,N,,HCl requires C, 65-5; H, 6-75; N, 6-95; OMe, 7-7; NMe, 7-1%). 
The nitrate crystallises from boiling 50% EtOH in anhyd., lustrous, flattened 
prisms, m. p. 261° (Found: C, 61-5; H, 6-3; N, 9-9. C,.H,,0,N,,HNO, 
requires C, 61-5; H, 6-3; N,9-:8%). The picrate forms garnet-coloured prisms 
from boiling EtOH and has m. p. 240°. The base crystallises from EtOH, on 
slight addition of H,O, in flat, square, faintly yellow tablets, m. p. 125° 
[a] — 44-4° (c = 2-775, air-dry substance in EtOH). All attempts to dry 
the base without decomp. failed. Even at room temp. in a vac. desiccator, it 
gradually turns orange and finally brown. Analyses of the air-dried substance 
indicate that it contains one mol. H,O (Found: C, 68-3; H, 6-75; N, 7-8; 
OMe, 9-1; NMe, 0-7. C,.,H,,0O,N,,H,O requires C, 68-7; H, 7-3; N, 7:3; 
OMe, 88; NMe, 82%). The methiodide has not been obtained cryst., nor 
has the benzoyl derivative, which is insol. in acids and similar in type to that 
of akuammidine (p. 2765). 

Pseudakuammigine. The base is not readily recoverable from the picrate 
first isolated (p. 2763) and is best obtained by pouring an Me,CO solution of the 
salt on to CaO, allowing the solvent to evaporate, mixing the residue into a thin 
paste with EtOH, leaving this to dry, and finally drying thoroughly in a vac. 
desiccator. The dry powder is then exhausted (Soxhlet) with Et,0. The 
cryst. residue left on removal of the solvent is dissolved in a little hot EtOH, 
filtered, and H,O carefully added. Anhyd. colourless prisms separate, m. p. 
165°, [a]??” — 53-8° (c = 3-42 in EtOH) (Found: C, 71-9; H, 7-0; N, 79; 
OMe, 8-4; NMe, 6-9. C,,.H,,O,N, requires C, 72-1; H, 7-1; N, 7:6; OMe, 
8-4; NMe, 7-9%). The hydrochloride crystallises from hot H,O in slender 
colourless prisms, m. p. 183° (air-dry) or 218° (anhyd.), [a]}!” — 15-4° (c = 1-065 
in EtOH) [Found : (1) loss on drying at 120° in vac., 4-35. C,,H,,0,N,,HCl,H,0 
requires H,O, 4.2%. (2) in dry substance: C, 64-9; H, 6-8; N, 6-8; Cl, 82. 
Cx3H,,0;N,,HCl requires C, 65-5; H, 6-7; N, 6-9; Cl, 88%]. The hydriodide 
separates from boiling H,O in lustrous hair-like needles, m. p. 215°, is sparingly 
sol. in H,O or EtOH, more sol. in Me,CO, and has [a]}” — 1-43° (c = 2-84 in 
Me,CO) [Found : (1) loss on drying at 120° in vac., 3-5. C.;H,,0;N;,H1,H,0 
requires H,O, 35%. (2) for dry substance: C, 53-2; H, 5-2; N, 56; 1 
256-6; OMe, 6-0; NMe, 9-8. ©,,H,,0,N,,HI requires C, 53-4; H, 5:5; N, 56; 
I, 26-6; OMe, 6-2; NMe, 5-8; 2NMe, 116%]. No explanation of the high 
methylimino-figure can be given. In three determinations the results were 
9-8, 9°85 (micro-analyses), and 9-78 (macro-analysis). The results obtained 
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with the base and the methiodide (see below) leave little doubt that only one 
methylimino-group is present in the alkaloid and that the hydriodide gives 
abnormal results for this component. The picrate crystallises from boiling 
Me,CO in anhyd. yellow rosettes of needles, m. p. 223°, and is almost insol. in 
boiling EtOH [Found : C, 57-0; H, 4:8; N, 11-9. C,,H,,0;N,,C,H,(OH)(NO,), 
requires C, 56-4; H, 4:9; N, 11-7%]. The methiodide separates from EtOH 
in flat, transparent, anhyd. tablets, m. p. 275° (Found: C, 54-4; H, 5-7; 
N, 57; I, 26:2; OMe, 7-1; NMe, 11-0. C,,H,,O,;N,,CH,I requires C, 54-3; 
H, 5-75; N, 5-5; I, 24-9; OMe, 6-1; 2NMe, 11-4%). The benzoyl derivative 
resembles that of akuammidine in type, but has not been crystallised or made 
to yield a cryst. derivative. 

Akuammenine. The minute amount of the picrate of this base obtained was 
recrystallised to const. m. p., 225°, from boiling MeOH and was thus obtained 
in scarlet flakes [Found: C, 53-2; H, 4-45; N, 11-65; OMe, 5-3; NMe, nil. ° 
CH,.0,N.,C,.H,(OH)(NO,), requires C, 53-4; H, 4-3; N, 12-0; OMe, 5:3%]. 

Akuammicine. The preliminary description of this base already published 
(base D; loc. cit., p. 1958) may now be supplemented as follows. The crude 
hydrochloride as isolated (p. 2762) may contain some pseudakuammicine 
hydrochloride, which may be removed by keeping solutions of the crude 
fractions in 10 times their weight of boiling H,O for about 1 hr. and pouring off 
the mother-liquors from the characteristic stumpy needles of the less sol. 
isomeride. The combined mother-liquors on slow concn. in a vac. desiccator 
deposit colourless prisms of akwammicine hydrochloride, which can be recrystal- 
lised from boiling H,O or EtOH until of const. m. p. 144° (air-dry) or 171° 
(dry), [a}}®" — 626-2° (c = 1-22 in EtOH) [Found: (1) loss in vac. at 100°, 
88. C,,H,,O,N,,HCI,2H,O requires H,O, 9-5. (2) for dry salt: C, 66:1; 
H, 6-05; N, 7-9; OMe, 7-8; NMe, trace. C,.H,,O,N,,HCl requires C, 66-15 ; 
H, 6-1; N, 8-1; OMe, 9-0%]. The sulphate (loc. cit.) forms colourless cubes 
from H,O, m. p. 161° (air-dry) [Found : (1) loss in vac. at 100°, 8-9. Cale. for. 
(C,,H.,0.N.).,H,SO,,4H,0: H,O, 92%. (2) for dry salt: 8, 45. Cale.: 
8,4:5%]. The nitrate crystallises from boiling H,O in brilliant spangles, m. p. 
182'5°. The base crystallises from hot EtOH in brilliant colourless leaflets, 
m. p. 177-5° (Found for substance dried at 100° in vac.: C, 740; H, 6-3; 
N, 8-9; OMe, 9-45; NMe, 1-6. C,,H,,0,N, requires C, 73-9; H, 6-5; N, 91; 
OMe, 10-1; NMe, 9-4%). The base and all its salts on melting decompose 
into a bright red froth. The methiodide crystallises from boiling H,O in 
minute, faintly yellow, anhyd. prisms, m. p. 252° (Found: N, 6-2; OMe, 
6-9; NMe, 6-75. C,.H..O,N,,CH,I requires N, 6-2; OMe, 6-8; NMe, 6-45%). 
On acylation by the general method, akuammicine yields a salt of a new base, 
which is not recoverable by the addition of alkali and extraction with any 
immiscible solvent tried, but can be pptd. with picric acid, yielding a picrate 
which crystallises badly and has not been obtained analytically pure. 

Pseudakuammicine. The hydrochloride isolated as described (pp. 2762, 2767) is 
readily purified by crystn. from boiling EtOH or boiling H,O and forms 
minute stumpy needles, m. p. 216° (Found; (1) loss in vac, at 120°, 
56. C,,H,,.O,N,,HCI,H,O requires H,O, 5-0. (2) for dry salt: C, 65-7; 
H, 6-1; N, 7:7; Cl, 9-8; OMe, 8-5; NMe, 1-0. C,,H.,.O,N,,HCl requires C, 
66:15; H, 6-1; N, 8-1; Cl, 10:3; OMe, 9-0; NMe, 84%]. The base, pptd. 
#8 @ gum, rapidly crystallises and can be recrystallised from boiling EtOH in 
anhyd., colourless, square plates, m. p. 187-5° (Found: C, 74-6; H, 7-0; 
N, 8-8; OMe, 9-7; NMe, 2:2. C,,H.,O,N, requires C, 73-9; H, 65; N, 9-1; 
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OMe, 10-1; NMe, 9-4%). The base persistently gave high carbon results on 
analysis, due it is believed to slight decomp., which occurs on drying at 100° 
in vac., the dried product having a faintly brown tinge. On melting, the base 
and all its salts decompose into a red froth. The picrate forms dark olive- 
green prisins, m. p. 196°. 

Non-alkaloidal constituents. As the preliminary extraction of the seeds 
with light petroleum (p. 2762) proceeds, there accumulates in the flask a greyish- 
yellow ppt. consisting mainly of wax. ‘This on solution in CHCl, leaves undis- 
solved a small amount of a water-sol. product, which reduces Fehling’s solution 
on boiling and resembles crude inulin in appearance. The light petroleum 
extract after removal of the alkaloids (p. 2762) leaves on evaporation of the 
solvent a dark greyish-green, semi-solid fat. None of these products has yet 
been examined in detail. 

From one sample of seeds from the Belgian Congo, the crude alc. extract, 
which had been kept for a few days before being worked up, deposited a partly 
cryst. ppt. This on repeated extraction with EtOH was separated into two 
portions, the wax already referred to and a sugar. The latter after repeated 
washing with CHCl, to remove traces of wax was crystallised from aq. EtOH 
until of const. m. p. 187°. It reduced Fehling’s solution very slightly before, 
and copiously after, hydrolysis with boiling HCl. It had [a]j? + 64-84° 
(ec = 3-2 in H,O) (Found: C, 41-8; H, 6-45. Calc. for C,.H,.0,,: C, 42:1; 
H, 643%). The sugar is therefore sucrose and it showed no depression of 
m. p. on admixture with that substance. 

Volatile bases. The residual aq. liquors remaining after pptn. of the total 
alkaloids developed a slight fishy odour on addition of NaOH. They were 
therefore steam-distilled after the addition of NaOH, the alkaline steam 
collected in dilute HCl, and the still acid distillate evaporated to dryness. 
The residue was recrystallised from H,O in three fractions, which contained 
respectively 66-25, 66-2, and 65-1% Cl: the portion which did not crystallise 
from H,O was separated into two more cryst. fractions by trituration first with 
dry EtOH and finally with Me,CO. These contained 66-1 and 64:2% Cl. In 
a second instance the crude residue of hydrochloride was fractionated by 
Goodson’s method (Sharp and Solomon, J., 1931, 1477). The three fractions 
obtained, representing 25% of the whole and the richest in alkylamine, con- 
tained 66-1, 65-0, and 61-65% Cl (Cale. for NH,Cl: Cl, 66-3. Cale. for 
CH,NH,,HCI: Cl, 52-56%). There can be no doubt, therefore, that only a 
minute amount of alkylamine is present and that NH, is the chief constituent 
of the volatile bases. 


WELLCOME RESEARCH INSTITUTION, 
Lonpon, N.W.1. [Received, September 23rd, 1932.] 





416. 4-Nitro-5-(3-pyridyl)pyrazole, a New Oxidation 
Product of Nicotine. Part II. Methylation Products. 


By Harotp Kiva. 


DvuRInG the preparation of nicotinic acid by oxidation of nicotine 
with nitric acid, Gough and King (J., 1931, 2968) observed the regular 
formation of a by-product in 5% yield, the properties of which 
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agreed with that of a 4-nitro-5-(3-pyridyl)pyrazole (I) or its tauto- 
meric form (IT). 


NO¢——CH end BE 
(I.) Sus U™ ao Sy NE (II.) 
NH N 
N N 


This nitropyrazole was stable to permanganate oxidation, but the 
corresponding aminopyrazole readily gave nicotinic acid. With a 
view to rendering the pyridine nucleus susceptible to oxidation, 
and thus opening the way to the isolation of a nitropyrazolecarboxy- 
lic acid, the methylation products of this nitropyrazole have been 
examined. When it is treated with methyl iodide it yields 4-nitro-5- 
(3-pyridylmethiodide) pyrazole (III), from which alkali liberates a 
crystalline colourless hydrated base, which on dehydration becomes 
bright primrose-yellow. To the anhydrous base the structure of 





NO,°C CH NO,C——CH 
(III.) 4 { i X (IV.) 
Ore Ore’ 
NMe (+-)NMe 
a 


an imino-betaine is ascribed (IV), and the colourless hydrated base 
may be the quaternary ammonium hydroxide corresponding to (ITT). 

If, however, methyl] iodide is allowed to react with the silver salt 
of 4-nitro-5-(3-pyridyl)pyrazole, two isomeric monomethyl methio- 
dides are formed, one in much larger quantity than the other. Unlike 
the previously described methiodide, neither of these salts is changed 
by alkali. Their constitutions (V) and (VI) correspond to the 
tautomeric forms of the pyrazole nucleus. 


NO —cH ~b CHRE 
C X 24 NMe 
ji Cx Yi O Yo wy 
NMe NMe 
ae iat Se al 


The results obtained on methylation of 4-nitro-5-(3-pyridyl)- 
pyrazole are thus in agreement with the constitution previously 
assigned to this substance. 

Action of Methyl Iodide on 4-Nitro-5-(3-pyridyl)pyrazole.—Nitropyridyl- 
pytazole (2-0 g.) was digested in MeOH (26 c.c.) with Mel (6 c.c.) for several hr, 
4u2 
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A eryst. methiodide (3-0 g.), m. p. 257° (decomp.), separated, and from the 
mother-liquor on concn. a second crop (0-25 g.). The product crystallised from 
4 vols. of boiling H,O in needles, m. p. 257° (decomp.). It also crystallises in 
plates of the same m. p. [Found : N(micro), 16-8; I, 38-0. C,H,O,N,I requires 
N, 16-9; I, 38-2%]. The base, liberated by NaOH, crystallised from 15 
vols. of H,O in colourless needles, m. p. 287° (decomp.) [Found : loss at 100°, 
12-0; reabsorption at room temp., 11-85; N(micro), 24-1. C,H,0,N,,14H,0 
requires H,O, 11:7; N, 24-2%]. When dried at 100°, the base becomes bright 
primrose-yellow, and on exposure to a moist atmosphere returns to the 
colourless condition. It was converted into the corresponding methochloride, 
m. p. 290° (decomp.), which separated in plates from 16% HCl [Found: 
N(micro), 23-2, 23-6. C,H,O,N,Cl requires N, 23-3%]. The picrate crystal- 
lised in thin prisms, m. p. 212° (deeomp.) [Found: N(micro), 22-0. 
C,H,0,N,,C,H,0,N, requires N, 22-6%]. 

Action of Methyl Iodide on Silver 4-Nitro-5-(3-pyridyl)pyrazole.—Nitro- 
pyridylpyrazole (1-9 g.) was dissolved in 2N-NH, (75 c.c.) and treated with 
AgNO, (2-0 g. in 10 c.c. H,O). The gelatinous ppt. became transformed into 
®@ microcryst, powder (3-2 g.)in afew hr. (Found: Ag, 36-7. C,H,O,N,Ag 
requires Ag, 36-3%). The silver salt was digested in methyl-alc. suspension 
with excess of Mel for several hr., H,O added, and the org. solvents removed 
by distillation. The hot aq. liquor was decanted, and the residual solid 
extracted by treatment with several portions of hot H,O. The combined 
extracts on concn. gave a methiodide A (2-0 g.), m. p. 271—272°, crystallising 
in large thin yellow plates. It also occurs in leaflets with a bronze-green 
appearance [Found: N(micro), 16-7, 16-2; C(micro), 34-7; H, 3-5; NMe, 
8-0. Cy H,,0,N,I requires N, 16-2; C, 34:7; H, 3-2; 2NMe, 8-6%]. This 
methiodide is unchanged by NaOH aq. The original mother-liquors deposited 
an isomeric methiodide B (0-5 g.), m. p, 224—225°, which crystallised in 
columns and cubes, unchanged by NaOH aq. [Found: N(micro), 16-0; 
C(micro), 34-4; H, 3-4; NMe, 7-6. ©,,H,,0,N,I requires N, 16-2; C, 347; 
H, 3-2; 2NMe, 8-6%]. 


NatIonau InstiTuTE rok Mrepicat RESEARCH, 
HAMPSTEAD. [Received, October 3rd, 1932.] 





417. Syntheses of Glucosides. Part IX. Methyl 
Salicylate Vicianoside (? Violutoside). 
By ALEXANDER ROBERTSON and Roy B. WatTERS. 


PrccarD (Compt. rend., 1926, 182, 1167 ; Bull. Soc. Chim. biol., 1926, 
8, 568; Schweiz. Apoth.-Zig., 1929, 67, 341) isolated from Viola 
cornuta a glucoside which he considered to be a vicianoside of methyl 
salicylate (compare Bridel, Rev. Gén. Sci., 1928, 39, 5). By the 
interaction of the 2:3 : 4-O-triacetyl-8-glucoside of methy] salicylate 
(Part VIII; J., 1931, 1882) and O-triacetylarabinosidyl bromide in 
the presence of silver oxide in dry benzene we have prepared the 
hexa-acetyl-B-vicianoside of methyl salicylate. Deacetylation of this 
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compound gave a product which appears to be identical with 
violutoside, and is represented thus : 


MeO,C-C,H,°O-CH-[CH-OH],°CH-CH,°0-CH-[CH’OH],°CH, 
| oO J | ra J 








O-Hexa-acetyl B-Vicianoside of Methyl Salicylate-—O-Triacetylarabinosidyl 
bromide, m. p. 139°, prepared according to Gehrke and Aichner (Ber., 1927, 60, 
918) is stable for long periods when kept in a vacuum desiccator over soda~lime. 

Active Ag,O (6 g.) was added to a solution of the 2:3: 4-triacetyl-B- 
glucoside of methy] salicylate (3 g., dried at 90°) and O-triacetylarabinosidyl 
bromide (7 g.) in dry C,H, (30 c.c. at 33—34°), and the mixture vigorously 
agitated for 50 min. and refluxed for 15 min. C,H, (100 c.c.) was then added, 
and the filtered solution distilled in vac. at 35—40°. To remove the last 
traces of C,H,, the residue was dissolved in Me,CO (150 c.c.), and the solution 
evaporated under diminished press. After repetition of this procedure a 
solution of the almost colourless residual syrup in Me,CO (50 c.c.) was poured 
into H,O (300 c.c.), and the ppt. triturated with cold H,O until it became solid. 
Asolution of this material in warm MeOH deposited the hexa-acetate in colour- 
less rod-like prisms (2-8 g.), m. p. 158° after recrystn., [a];},, —42-94° in Me,CO 
(ce, 0-6) (Found: C, 53-4; H, 5-6. C,,H,,0,, requires C, 53-3; H, 5-4%). 
The compound is readily sol. in CHCl, or Me,CO, and is hydrolysed by warm 
aq.-alc. HCl, 

B-Vicianoside of Methyl Salicylate.—The foregoing hexa-acetate (4 g.) 
quickly dissolved in absolute MeOH (250 c.c.) sat. at room temp. with dry 
NH,. After 6 hr., the NH, and MeOH were removed under diminished 
press. and the residue was extracted several times with boiling moist AcOEt. 
On cooling, the combined extracts gradually deposited the bioside in colourless 
elongated prisms, which were collected 7 days later and recrystallised from 
the same solvent. The substance was then dissolved in warm 95% Me,CO 
and on the addition of Et,O (2 vols.) gradually separated in needles, m. p. 173° 
after sintering at 168—169°, [a]:!;, —39-72°, [a], —36-21° in H,O (c, 0-9) 
(Found in material dried at 110° in a high vac. for 2 hr.: C, 51-3; H, 5-9. 
C,5H,,0,, requires C, 51-1; H, 58%). Piccard (loc. cit.) gives for violutoside 
m, p. 168-5° (bloc Maquenne), [a]) —36-2° in H,O (c, 2-84). The glucoside is 
extremely sol. in H,O and on slow evaporation of the solution separates as 
a hydrate in clusters of prismatic needles. It is almost insol. in dry Me,CO 
or AcOEt, 

This bioside was hydrolysed by emulsin at 37°; after 14 hr., the aq. solution, 
which had the smell of methy] salicylate, gave a positive FeCl, reaction, but a 
control was unchanged. 


The authors are indebted to the Chemical Society for a grant. 


Loxpon Scnoot or HYGIENE AND TROPICAL MEDICINE, 
University or Lonpon. [Received, October 11th, 1932.] 
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418. The Reactivity of Groups in Substituted Acridones, 
Part I. Replacement of Nitro-growps by Piperi- 
dyl and Piperazyl. 


By Hueu B. Nisser and (in part) Apam B. GooDLET. 


NUMEROUS cases, ¢.g., o- and p-dinitrobenzenes, 4-chloro-1 : 2-di- 
nitrobenzene, are known in which one of two cationoid groups in an 
aromatic nucleus, ortho or para to each other, is replaced when 
attacked by an anionoid reagent. 

That the carbonyl group in anthraquinone acts as a cationoid 
group is shown by the facts that 1-chloroanthraquinone gives 
1-piperidylanthraquinone when heated with piperidine (D.R.-P. 
136777), the nitro-group in 1-nitroanthraquinone may be replaced 
by the methylamino- (D.R.-P. 144634), dimethylamino-, or piper- 
idyl group (D.R.-P. 136777), and in 4-chloro-1-nitroanthraquinone 
both the nitro-group and the chlorine atom are replaced on heating 
with p-toluidine (D.R.-P. 126803). 

It has now been found that in the reaction between piperidine or 
piperazine and 1-halogeno-4-nitroacridones (I) the p-nitro-group, 


all co. * 
(I; X = Cl or Br) (II; Y = piperidyl or piperazyl) 


instead of activating the halogen atom and facilitating its replace- 
ment by the negative reagent, is itself replaced, the product being 
(II). : 

The activating influence of the o-carbonyl group on the nitro- 
group in the acridone ring may be inferred from the similarity to the 
reactions in the anthraquinone series. Further, that the removal of 
the heterogeneous polarity caused by the two cationoid groups 
(CO and NO,) ortho to one another proceeds more readily than the 
replacement of activated halogen may be inferred, since such re- 
action takes place in this case, whereas in 2-halogeno-5-nitroanilines 
(III), in the absence of heterogeneous polarity, the removal of 
halogen by piperidyl to give 5-nitro-2-piperidylaniline (IV) proceeds 
normally on heating in a sealed tube. 

NH, NH, 


x CsHis 
NO, , NO, 


(III; X = Cl or Br.) (IV.) 
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EXPERIMENTAL. 


Nitration of o-Chloro(or Bromo)aniline.—KNO, (1 mol.; 1 part) in H,SO, 
(d 1-84; 37 parts) was added to the base (1 mol.) in H,SO, (30—37 parts) at 
0—2° during } hr. The mixture was poured on ice (60 parts) and then into 
H,O (800 parts). 2-Chloro- and 2-bromo-5-nitroaniline were obtained from 
spirit in yellow needles, m. p. 117° (yield, 52%) and 138° (yield, 70%) respec- 
tively. 

Acridone Formation.—The above 2-halogeno-5-nitroanilines (1/50 g. moll.), 
K o-bromobenzoate (1/50 g.-mol.), amyl alcohol (10 c.c.), and Cu powder 
(0-1 g.) were heated under reflux for 4 hr., the mixture made alkaline with 
NaOH, the alcohol distilled in steam, the residue cooled, and the filtered 
solution acidified with dil. HCl. The yellow ppt., cryst. from AcOH, gave 
the 2-halogeno-5-nitrodiphenylamine-6’-carboxylic acids. These were heated 
on a steam-bath with H,SO, (d 1-84; 12—14 parts) for 15—20 min., the 
solution poured into H,O, and the solid which separated boiled with H,O, then 
with dil. Na,CO, aq., and again with H,O, and crystallised from much AcOH. 

2-Chloro-5-nitrodiphenylamine-6’-carboxylic acid formed _ golden-yellow 
needles (yield, 40%), m. p. 260—261° (Found : N, 9-8. C,,H,O,N,Cl requires 
N, 96%), and 2-bromo-5-nitrodiphenylamine-6’-carboxylic acid brownish- 
orange needles (yield, 34%), m. p. 252° (Found: Br, 24-2. C,,H,O,N,Br 
requires Br, 23-7%). 

1-Chloro-4-nitroacridone (I; X=Cl) formed yellow needles (yield, 64%), 
m. p. 320° (Found: N, 10-0. C,,H,0,N,Cl requires N, 10-2%), and 1-bromo- 
4-nitroacridone, lemon-yellow needles (yield, 55%), m. p. 305° (Found: Br, 
24-9. C,,H,O,N,Br requires Br, 25-1%). 

Action of Piperidine or Piperazine on 1-Halogeno-4-nitroacridones.—The 
acridone (1 part) was gently refluxed with piperidine (approx. 5 parts) or 
piperazine (approx. 24 parts) until it dissolved (about 1 hr.), the solution 
poured into cold-H,O, and the ppt. crystallised from dil. EtOH. 

1-Chloro-4-piperidylacridone (II; X = Cl, Y = C;H,)N) formed yellow 
needles, m. p. 110° (Found: N, 8-9; Cl, 11-1. C,sH,,ON,Cl requires N, 9-0; 
Cl, 11-3%); the hydrochloride, pptd. by dry HCl from CHCl,, crystallised from 
H,0 in yellow needles, m. p. 168—169°. 

1-Bromo-4-piperidylacridone formed bright yellow needles, m. p. 112° 
(decomp.) after softening at 98—102° (Found: Br, 21-6. C,,H,,ON,Br 
requires Br, 22-4%); the hydrochloride had m. p. 164—165°. 

1-Chloro-4-piperazylacridone formed brownish-yellow needles, m. p. 197— 
198° (Found : N, 13-8; Cl, 10-3. C,,H,,ON;Cl requires N, 13-4; Cl, 11-3%). 

Action of Piperidine on 2-Halogeno-5-nitroanilines.—Piperidine at its b. p. 
had little action on the halogenonitroanilines. 2-Chloro-5-nitroaniline 
(6-88 g.} and piperidine (7 c.c.) were heated in a sealed tube at 180° for 6 hr., 
and the product poured into H,O (400 c.c.). The oil obtained, after solidi- 
fying, was crystallised twice from spirit, giving 2-piperidyl-5-nitroaniline in 
chocolate-brown needles (3-3 g.), m. p. 79—81° (Found: N, 19-4. C,,H,,0,N; 
requires N, 19-0%). 


The authors thank Dr. W. O. Kermack for his interest in this investigation. 
[Received, August 19th, 1932.] 
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419. A Rearrangement of ortho-Amino-sulphones, 
By Lzonarp A. WARREN and SAMUEL SMILES. 


Tux displacement of benzenesulphony] from 2-nitrodiphenylsulphone 
by aniline suggested (this vol., p. 1489) that a corresponding intra. 
molecular displacement should be realisable with o-amino-sulphones 
of suitable constitution (e.g., V). Experiments have now been made 
in accordance with this suggestion. The behaviour of the methyl- 
amino-sulphone (I) was first examined. This substance was 
obtained from the 2-nitrobenzenesulphonyl derivative of mono. 
methyl-p-toluidine by the rearrangement recorded by Witt and 
Truttwin (Ber., 1914, 47, 2786) in the case of the 3-nitro-derivative, 
No evidence of the rearrangement of this sulphone could be found 
by the action of heat; with alcoholic sodium ethoxide (2N) the 
conversion was slow, but with warm concentrated alkali the sulphin- 
ate (II) was rapidly formed. The unstable acid was characterised 
by conversion into the disulphide and the methylsulphone. In hot 
acetic acid the sulphinate (II) yields the cyclic sulphone (III) and 
nitrous acid, and only a small amount of this product is formed in 
alkaline media. 


On NO, Me \SO,H 
cr.) Me C) (Ir.) 
NMe 
e 


No, 
NHM 


Me/\ 
(III.) OC C) [O,N-C,H,-NH-C,,H,],80 
\NMe” (IV.) 


The acetyl derivative of the sulphide generated from 2-naphthyl- 
amine and 2-nitrophenylchlorothiol yielded the corresponding 
sulphone by oxidation; after hydrolysis of the latter in acid media 
the amino-sulphone (VY) was obtained. Rearrangement of this 
sulphone took place more easily than that of (I), warm dilute 
alkali (2N) being sufficient. The sulphinic acid formed (V1) was 
further characterised by the methyl-sulphone (XI) and by conversion 
into a disulphide (VIII); moreover, it exhibited the instability of 
other sulphinic acids of this type and easily lost sulphur dioxide, 
forming the nitro-amine (VII). In the latter process the sulphowide 
(LV) was usually formed also, presumably by condensation of the 
amine (VII) with the sulphinic acid according to the general 
behaviour of these reagents observed by Hinsberg (Ber., 1903, 36, 
107) under similar conditions. Rearrangement of the acetyl deriv- 
ative of (V) was effected in a similar manner; the product was the 
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acetylated sulphinic acid (XII), which was characterised as the 
methyl-sulphone, the relationship of the latter to (XI) being 
established by hydrolysis. 


sO, NO, 
fn 7 th Soto s0-H — 
’ INH-C,H,- nz NH-0,H,NO, 


(VI.) (VII.) 
OR ~~ Ae bo 
+84 NH-C,H,'NO, NH-C,H, ‘NO, 
(IX.) (X.) (VIII.) 
SO,Me SO,H 
xt.) Coe nH CiHe<yac (KIL) 
0,H, NO, O, H, NO, 


The economical preparation of the sulphone (V) required the 
isolation of the acetamido-sulphoxide (IX) at an intermediate stage. 
The behaviour of this material with alkali hydroxide was examined. 
Rearrangement, accompanied by removal of the acetyl group, was 
eflected under conditions similar to those required by the sulphone. 
This result was hardly expected, since according to the ‘usual formul- 
ation the character of sulphur would appear to be less positive in 
thionyl than in sulphonyl, but a strict comparison between the two 
cases was not possible owing to difficulty in controlling the conditions 
of rearrangement. It is evident that the first product from the 
acetamido-sulphoxide (IX) after deacetylation and rearrangement 
should be the sulphenic acid (X), but since substances of this class 
are rapidly decomposed in warm alkaline media, yielding disulphides 
(Zincke and Farr, Annalen, 1912, 391, 67), the disulphide (VIII) 
must be expected as the chief characteristic product. This sub- 
stance was isolated in good yield and it was identical with the di- 
sulphide obtained by reduction of the sulphinic acid (VI). 


EXPERIMENTAL. 


o-Nitrobenzenesulpho-p-toluidide, NO,°C,H,’SO,"NH-C,H,Me, was obtained 
from o-nitrobenzenesulphony! chloride and p-toluidine in the usual manner; 
reeryst. from EtOH, it had m. p. 116° (Found: C, 53-4; H, 45. C,,;H,,0,N,8 
requires C, 53-4; H, 4:1%). Treatment of this in aq, alk. solution with 
Me,SO, gave o-nitrobenzenesulpho-p-methyltoluidide, 
NO,°C,H,SO,"NMe’C,H,Me, 
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m. p. 84° after recrystn. from EtOH (Found: C, 54-9; H, 4:8. C.,H,,0,N,8 
requires C, 54-9; H, 4-6%). A solution of this (2 g.) in cone. H,SO, (4 ¢.c.) 
was warmed (100°; 5 min.) and then diluted. o-Nitrophenyl-4-methylamino- 
m_-tolylsulphone (1) separated as a viscous mass; it was recrystallised from 
EtOH and AcOH successively and then formed yellow prisms, m. p. 122° 
(Found: C, 549; H, 4-6. C,,H,,0,N.8 requires C, 54-9; H, 46%), 
Attempts to demethylate the substance (HBr in AcOH) were unsuccessful, 

The K salt of 4-o-nitrophenylmethylamino-m-tolylsulphinic acid (II) was 
obtained from (I) by trituration with 50% KOH aq. at 70—80° until the liquid 
product had solidified to an orange cryst. mass. From this, cold H,0 
removed the sulphinate, leaving a small residue of the thiazine dioxide 
(ITT). 

4-0-Nitrophenylmethylamino-m-tolylmethylsulphone (compare IT) was readily 
formed when the K salt yielded by conversion of the sulphone (1) (4 g.) was 
treated (2 hr.) with boiling MeOH (40 c.c.) and H,O (4 c.c.) which contained 
Mel (8 ¢.c.). The oil which remained after the MeOH had been removed 
solidified in contact with EtOH. Recryst. from EtOH, the product formed 
yellow prisms, m. p. 120° (Found: C, 56-2; H, 5-1; N, 8-7; 8, 98. 
C,5H,,0,N,8 requires C, 56-2; H, 5-0; N, 8-7; 8, 100%). 4-0-Nitrophenyl- 
methylamino-m-tolyl disulphide (compare II) was formed when an EtOH 
solution of the acid containing SO, and a little HI was boiled. The product 
separated as an oil which finally solidified and was recryst. from EtOH and 
then from AcOH (charcoal); it formed yellow plates, m. p. 132—133° 
(Found : C, 61-4; H, 5-0; N, 10-1; 8, 11-8. ©,,H,,0,N,S, requires C, 61-5; 
H, 4-7; N, 10-2; 8S, 11-7%). 

3 : 6-Dimethylthiodiphenylamine Dioxide (I1I).—When the sulphinate (II) 
obtained from the sulphone (5 g.) was dissolved in warm AcOH, oxides of N 
were liberated. Addition of H,O gave a viscous ppt. which, after treatment 
with aq.-ale. NaOH, crystallised from AcOH (charcoal) in prisms (1-8 g.), 
m. p. 153° (Found: C, 64-6; H, 5-3; N, 5-4; S, 12-3; M, 261. C,,H,,0,N8 
requires C, 64-8; H, 5-0; N, 5:4; 8, 12-4%; M, 259). In hot conc. H,80, 
the cyclic sulphone gave the characteristic blue solution observed (Bernthsen, 
Annalen, 1885, 230, 92) with 6-methylthiodiphenylamine dioxide. 

o-Nitrophenyl 2-Acetamido-1-naphthyl Sulphoxide (IX).—The corresponding 
amino-sulphide was obtained by Zincke’s method (Annalen, 1912, 391, 82). 
It had m. p. 188°, and the acetyl derivative m. p. 187°. Zincke records m. p. 
183—184° for both substances. AcOH (10 c.c.) containing the acetamido- 
sulphide (3 g.) and H,O, (4 c:c.; 30%) was kept at 100° (4 hr.). The required 
sulphoxide separated when the solution was agitated; recryst. from AcOH, 
it formed yellow plates, m. p. 198° (decomp.) (Found : C, 61-1; H, 4-2; N, 77; 
8, 9-0. C,,H,,0,N,8 requires C, 61-0; H, 4-0; N, 7-9; 8S, 9-0%). 

o-Nitrophenyl-2-acetamido-1-naphthylsulphone (compare V).—The sulph- 
oxide (IX) (3 g.) in AcOH (10 c.c.) with H,O, (4 c.c.; 30%) was kept at 100° 
(1 hr.); the product separated when the mixture was cooled. Oxidation was 
repeated if the m. p. of the product was below 158—159°. Recryst. from 
AcOH, the sulphone formed orange plates, m. p. 160° (Found : C, 58-2; H, 40; 
S, 86. ©,,H,,0O;N,8 requires C, 58-4; H, 3-8; 8, 86%). When EtOH 
(100 ¢.c.) containing this sulphone (6 g.) and conc. H,SO, (20 c.c.) was boiled, 
the material dissolved. Half the solvent was then evaporated, and H,0 
added to the cold mixture. o-Nitrophenyl-2-amino-1-naphthylsulphone (V); 
which separated, formed yellow-brown plates, m. p. 171°, from AcOH (Found: 
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C, 68-7; H, 4:0; N, 8-2; 8, 9-8. C,.H,,0,N,S requires C, 58-5; H, 3-7; 
N, 8-5; S, 9-8%). 

2-0-Nitrophenylaminonaphthyl-1-sulphinic Acid (V1).—A boiling N-solution 
of NaOH in H,O and EtOH (equal vols.) slowly (4 hr.) dissolved the sulphone 
(V) suspended in it. After EtOH had been removed, the sulphinic acid was 
liberated by dil. H,SO,. This was purified, first as the red Na salt from 
warm aq. 2N-NaOH, and finally from H,O and acetone. The acid formed 
orange plates, m. p. 210° (decomp.), which were sol. in Na,CO, aq. and gave 
a purple solution in conc. H,SO, (Found: C, 58-6; H, 4:0; N, 8-6. 
C,H ,,0,N,8 requires C, 58-5; H, 3-7; N, 8-5%). 

2-0-Nitrophenylamino-1-naphthylmethylsulphone (XI) was obtained when 
a solution of the sulphinic acid (VI) (5 g.) in MeOH (60 c.c.) containing Mel 
(10 e.c.) and the necessary amount of MeONa was boiled (14 hr.); it was 
isolated as a red oil by removal of the greater part of the solvent and addition 
of H,O, and was purified (4 g.) successively from EtOH and AcOH; it then 
formed orange plates, m. p. 125° (Found: C, 59-8; H, 4:3; N, 8-2; 8, 9-3. 
C,,H,,0,N,8 requires C, 59-6; H, 4-1; N, 8-2; S, 9-4%). 

2-0-Nitrophenylacetamido-1-naphthylmethylsulphone (compare XIT).—The 
acetamido-sulphone (compare V) readily dissolved in warm 2N-NaOH. The 
sodium sulphinate separated from the cooled liquid, but the acid (XIT) could 
not be obtained pure; the former was therefore converted into the methyl- 
sulphone by reaction with MeI in hot MeOH and H,O. ‘The viscous mass 
which remained after the MeOH had been evaporated solidified in contact 
with EtOH; it was purified from AcOH and then had m. p. 195° (Found : 
C, 59-5; H, 4:5; N, 7-6. ©, ,H,,0;N.S requires C, 59-4; H, 4:2; N, 7-3%). 
Hydrolysis of this acetyl derivative with excess NaOH in boiling EtOH and 
H,O gave the methylsulphone (XI), m. p. 125°, which was identical with that 
obtained from the sulphinic acid (VI). Attempts to obtain the disulphide 
from the sulphinic acid (XII) by reducing it with HI were unsuccessful. From 
boiling AcOH containing HI and this acid, a periodide separated in brown 


needles, m. p. 183°. This substance, | Croke w(0,HNo) OM |» is 
evidently derived from the naphthathiazole (Found: C, 30-8; H, 2-2; N, 
39; I, 54:3. C,,H,,0,N,I,8 requires C, 30-8; H, 1:9; N, 4:0; I, 543%) 
formed by reaction of the thiol and the acetyl group. 

2-0-Nitrophenylamino-1-naphthyl Disulphide (VIII).—(a) When a solution 
of the sulphinic acid (VI) in acetone containing a little HI (d 1-7) was boiled, a 
red disulphide separated. (b) When the acetamido-sulphoxide (IX) (3 g.) was 
treated with excess of boiling 2N-NaOH, it was rapidly attacked, yielding a 
red solution of the sulphinate and the disulphide (VIII) (1-3 g.), which remained 
suspended. This was recryst. from PhCl or C,H,Cl, and formed orange 
needles, m. p. 235° (decomp.), identical with the disulphide obtained in (a) 
(Found: C, 65-0; N, 9-3; 8, 10-6. C,.H.,.0,N,S, requires C, 65-1; N, 9-5; 
8, 10-8%). 

0-Nitrophenyl-2-naphthylamine (V11).—(a) When a solution of the sulphinic 
acid (VI) in AcOH was boiled, SO, was liberated and bis-2-0-nitrophenylamino- 
l-naphthyl sulphoxide (IV) separated as red needles, m. p. 225° (decomp.) 
(Found: C, 67-0; H, 4-1; N, 9:7; S, 5-6. C,,H,.0;N,8 requires C, 66-9; 
H, 3-8; N, 9-7; S, 5-6%), which were very sparingly sol. in most org. media. 
After removal of this sulphoxide the solution was diluted and the material 
which then separated was recrystallised from EtOH (charcoal). The amine 
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formed orange needles, m. p. 110° (Found: C, 725; H, 4:6; N, 10-6, 
C,,H,,0,N, requires C, 72-7; H, 4:5; N, 106%). This amine was also 
obtained by reduction of (a) the sulphoxide (IV) or (b) the disulphide (VIII) 
in boiling AcOH with HI (d 1-7). In both cases H,S was liberated. 


Kinq’s Cottecr, Lonpon. [Received, September 29th, 1932.] 


420. Cytisine. Part II. 


By H. Raymonp Ina. 


In Part I (J., 1931, 2195) the structure of cytisine was discussed in 
the light of all the available evidence. Spith’s quinolone formula 
(Monatsh., 1919, 40, 15, 95) was rejected and the new alternative 
skeleton formule (I) and (II) were suggested. Striking confirm- 
ation of the correctness of the arguments then put forward has 
recently been supplied by the work of Spith and Galinovsky (Ber., 
1932, 65, 1526). 

In Part I the discovery that the Hofmann degradation of the 
alkaloid led to a polymerised product was interpreted as neces- 
sitating a formula of type (II). Spath and mre have shown 
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that this polymerisation can be avoided by use of a special technique. 
Polymerisation thus takes place after and not during the degradation 
and the reason previously urged in favour of (IT) ig no longer valid. 
Spith and Galinovsky also provided experimental evidence which 
shows that cytisine certainly possesses the alternative skeleton (1). 
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Five formule (ITI—VII) are then nan Pa; cytisine (Joce. cit.). 
There was no evidence upon which Spith and Galinovsky could 
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decide between these formulw. It has now been found that the 
oxidation products of N-methylcytisine enable this decision to be 
made. 

When methylcytisine, C,,.H,,ON,, is oxidised with barium per- 
manganate, two isomeric compounds, C,,H,,0,N,, are formed. 
These compounds do not form methiodides, oximes, or acyl deriv- 
atives, but are hydrolysed by alkali to amino-acids, which were 
isolated as their benzenesulphonyl derivatives. They must conse- 
quently be lactams in which a CH,*NMe group in methylcytisine 
has been oxidised to CO-NMe. It is proposed to designate these 
compounds «- and £-N-methylcytisamides, and the corresponding 
acids N-methylcytisamic acids. Formule (IV), (V), and (VII) are 
rendered impossible by these results, since substances (IV) and (V) 
could give only one lactam, and a substance (VII) no lactam with- 
out ring fission, which is excluded by the analytical results. Formula 
(VI) could lead to two lactams which would be geometrical isomer- 
ides, and (III) could give two lactams (VIII) and (IX) which would 
be structural isomerides. There is no reason to think that cytisine 


CH,—CH-/ _" co—cH-/ » 
(VIII.) MeN H, WA MeN bat, WG (IX.) 
CO—CH—CH, ‘H,—CH-CH, 


or methylcytisine is not homogeneous, and consequently it is 
improbable that the «- and $-methylcytisamides are geometrical 
isomerides. Moreover, as Spith and Galinovsky point out, oxid- 
ation of a substance of formula (VI) should give rise to methyl- 
succinic acid, which could not be isolated. Finally, N-benzene- 
sulphonyl-N-methyl-8-cytisamic acid loses carbon dioxide at its 
melting point (130—131°) to yield a benzenesulphonyl-base, whereas 
the «-acid melts at 152—153° without decomposition. This differ- 
ence between the «- and the §-derivative would be difficult to 
explain if they were derived from (VI), but is readily accounted 
for on the basis of (VIII) and (IX). By analogy with Collie’s 
observation (J., 1897, 71, 299) that 6-hydroxy-4-methylpyridyl.- 
2-acetic acid loses carbon dioxide at its melting point to yield 
6-hydroxy-2 : 4-dimethylpyridine, similar behaviour may be ex- 
pected of the benzenesulphony] derivative of the acid derived from 
(IX), but not of the derivative from (VIII). Consequently formule 
(VIII) and (IX) appear probable for «- and §-methylcytisamides, 
respectively. 

Formula (ITI) thus becomes the most probable one for cytisine. 
The bridged ring of this formula has not been observed in natural 
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products before, but compounds containing it have been synthesised 
by Thole and Thorpe (J., 1911, 99, 427). It may be noted that 
the Hofmann degradation of (III) must lead in the first instance 
to either a vinylpyridone or an allylamine derivative, and conse- 
quently subsequent polymerisation is not unlikely. 


EXPERIMENTAL. 

Oxidation of Methylcytisine.—Methyleytisine (20 g.), dissolved in H,0 
(400 c.c.), was cooled to 5° and treated slowly with 10% Ba(Mn0Q,), aq. until 
the solution remained pink for 3—5 min. after addition of 10 c.c. of per. 
manganate solution. The temp. was kept below 7° and 320—340 c.c. of 
permanganate solution were required (i.e., 2—3 O). The MnO, was washed, 
and the filtrate and washings were neutralised and concentrated to small 
bulk on the steam-bath in vac. After pptn. of the Ba by H,SO,, the solution 
was made alkaline with NH, aq. and repeatedly extracted with CHCl,. The 
extract was dried with Na,SO, and evaporated completely. The residual 
yellow gum was stirred with cold EtOAc and after some time the pptd. solid 
was collected and crystallised from C,H,. N-Methyl-a-cytisamide formed 
needles, m,. p. 214—215° (Found: C, 66-0; H, 6-4; N, 12-9. C,.H,,0.,N, 
requires C, 66-0; H, 6-4; N, 12-8%). 

The EtOAc mother-liquor was evaporated, and the residue taken up in 
acetone and kept at 0°. Crystals separated slowly and a second crop was 
obtained on concentrating the solution. After several crystns. from acetone 
N-methyl-B-cytisamide was obtained in rectangular prisms, m. p. 179—180° 
(Found: C, 65-9; H, 6-3; N, 12-9. C,.H,,0,N, requires C, 66-0; H, 6-4; 
N, 12-8%). ' 

After separation of the two lactams a red gum was left which could not 
be further purified. It was dissolved in H,O and treated with more Ba(MnQ,), 
aq. until the pink colour remained for at least 10 min. The product was 
worked up as before and further small amounts of the a- and f-lactams were 
obtained. 

Hydrolysis of the Lactams.—The a-lactam was dissolved by boiling in 20% 
KOH aq. for a few min. and the cooled solution shaken with excess of benzene- 
sulphonyl chloride. The clear solution was acidified to Congo paper with 
HCl, the oily ppt. dissolved in N-NaHCO,, boiled with charcoal, filtered, and 
acidified at 0°. The amorphous N-benzenesulphonyl-N-methyl-a-cytisamic acid 
so obtained crystallised slowly when kept. M. p. 152—153° (Found: C, 
57-5; H, 5:3. C,,H,.0;N.S requires C, 57-4; H, 5-3%). 

The f-lactam was treated similarly and N-benzenesulphonyl-N-methyl-B- 
cytisamic acid obtained; m. p. 130—131° (decomp.) (Found: C, 57-3; H, 
52. C,sH..O;N,8 requires C, 57-4; H, 53%). This acid lost CO, at its 
m. p. (Found: CO,, 11-5. C,sH,»O;N.,8 requires CO,, 11-7%) and the 
residual benzenesulphonyl-base crystallised from hot H,O in plates, m. p. 
141—142° (Found: C, 61-6; H, 6-1. © ,;H,O,N,S8 requires C, 61-4; H, 
6-0%). 





The author gratefully acknowledges a grant from the Chemical Society. 
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421. p-Arsanilic Acid Derivatives of N-Substituted 
Malonamides. 


By JoszpH KENNEDY. 


A stupy has been made of compounds of the type 

(p) H,O,As*C,H,-NH-CH(CO-NHR), (1), 
of which one (R = H) has been previously described (Lewis and 
Bent, J. Amer. Chem. Soc., 1926, 48, 949). They are made by con- 
densing the appropriate bromomalonamide with p-arsanilic acid. 
Some bromomalonalkylamides were also prepared, but could not be 
condensed with p-arsanilic acid. 

In physiological tests the compound having R = H was found 
curative in large doses. Of the homologues, only the bisethylamide 
showed slight therapeutic effect, and with increasing length of R the 
toxicity gradually increased. 

p-Arsonoanilinomalonamide (I; R =H). Arsanilic acid (1-74 g.) in 
N-NaOH (7-75 c.c.) and bromomalonamide (Backes, West, and Whiteley, J., 
1921, 119, 359) (2-8 g.) were boiled for 2—3 hr. under reflux until a bulky ppt. 
had separated. The time varies considerably with different p, of the solution. 
The ppt. was purified by repeated solution in the minimum amount of cold 
N-NaOH and repptn. by dil. HCl (1: 1), also by charcoal in the cold. White 
solid from EtOH-AcOH aq.; m. p. 226° (decomp.) after three crysts. (Lewis 
and Bent, loc. cit., record no change at 260°) [Found: As (iodometric), 
24-6; N, 12-7. Cale. for C,H,,0;N,As: As, 23-7; N, 13-3%]. 

p-Arsonoanilinomalonbismethylamide (I; R = Me) was prepared by the 
above method from 3-24 g. of bromomalonbismethylamide and separated 
after 15 min. White plates, darkening at 295°, from EtOH-AcOH aq. 
(Found: As, 22-6; N, 12-0. ©,,H,,0;N;As requires As, 21-7; N, 12-2%). 

p-Arsonoanilinomalonbisethylamide, similarly obtained from 3-67 g. of 
bromomalonbisethylamide, separated almost immediately. Fine white 
plates, unchanged at 300°, from EtOH-AcOH aq. (Found: As, 20-9; N, 11-1. 
C,;H,,0;N,As requires As, 20-1; N, 11-3%). 

p-Arsonoanilinomalonbis-n-propylamide, prepared from 4-11 g. of the amide 
in presence of 5 c.c. of EtOH, separated after 10 min. Lustrous platelets from 
50% EtOH. Rapidly heated, it gradually darkens above 265° (Found: As, 
19-0; N, 10-1. C,,;H,,0O;N,As requires As, 18-7; N, 10-5%). 

p-Arsonoanilinomalonbis-n-butylamide, prepared from 4-54 g. of the amide 
and 10 c.c. of EtOH, separated after 20 min. Small plates from 50% EtOH; 
m. p. 293° (decomp.) after darkening at 270° (Found: As, 18-2; N, 9-5. 
C,,H,,0,;N,As requires As, 17-5; N, 9-8%). 

p-Arsonoanilinomalonbisisobutylamide, prepared in the same way as its 
isomeride, separated after 1 hr. Small clusters, unchanged at 260°, from 
50% EtOH (Found: As, 18-2; N, 9-5%). 

Malonbis-n-amylamide, CH,(CO-NH-C,H,,),. Ethyl malonate (10-4 g.) and 
n-amylamine (10 g.) in a sealed tube formed a solid mass over-night and were 
then heated for 5 hr. at 120°. Cryst. from MeOH and then from petroleum 
(b. p. 100—120°), the product formed white plates, m. p. 128° (Found: N, 11-4, 
C,,H,,0.N, requires N, 116%). 
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Bromomalonbis-n-amylamide, CHBr(CO-NH’C,H,,),. The preceding amide 
(7-5 g.) in CHCl, (25 c.c.) was brominated (1-5 c.c. Br, 15 c.c. CHCl) at 40—50°, 
The CHCl, was evaporated, and the semi-cryst. residue dissolved in EtOH; 
slight dilution with H,O pptd. long prismatic needles, m. p. 98° (Found: N, 
8-9; Br, 24-7. C,,;H,,0,N,Br requires N, 8:7; Br, 24-9%). 

p-Arsonoanilinomalonbis-n-amylamide (I; R = C,;H,,) was prepared, like 
the lower homologues, from 4-97 g. of the bromoamide and 15 c.c. of EtOH; it 
separated after 4 hr. Small plates from much 50% EtOH; m. p. 297° 
(decomp.) after darkening at 275° (Found: As, 16-7; N, 8-9. C,,H;,0;N,As 
requires As, 16-4; N, 9-2%). 

Malonbisisoamylamide, prepared in the same way as its isomeride, crystal- 
lises from dil. EtOH or petroleum (b. p. 100—120°) in clusters of fine needles, 
m. p. 74° (Found: N, 11-3%). 

Bromomalonbisisoamylamide, prepared from the preceding compound (2 g.) 
and Br (0-42 c.c.) in warm AcOH (14:2 c.c.) and pptd. after 10 min. by ice- 
water (200 c.c.), crystallised from dil. EtOH in fine prismatic needles, m. p. 
110° (Found: Br, 24-7; N, 8-6%). 

p-Arsonoanilinomalonbisisoamylamide was prepared like the isomeride and 
separated after 1 hr. Clusters, unchanged at 260°, from much 50% EtOH 
(Found: As, 16-8; N, 8-9%). 

Ethyl p-arsonoanilinomalonate, H,O,As‘C,H,-NH-CH(CO,Et),. A mixture 
of 1-74 g. of p-arsanilic acid in 7-75 c.c. of N-NaQH, 3-6 g. of bromomalonic 
ester, and sufficient boiling EtOH to complete solution was boiled for several 
hr., and the liquid evaporated; the residue crystallised from a little hot H,O 
in fine white needles, m. p. 230° (decomp.). The yield was poor [Found: As 
(as Mg,As,O,), 19°5; N, 3-9. C,,;H,,0,NAs requires As, 20-0; N, 3-7%]. 

Methylbromomalonamide, CMeBr(CO-NH,),. Methylmalonamide (Meyer 
and Bock, Annalen, 1906, 347, 98) was brominated in AcOH in the same way 
as malonbisisoamylamide. The product, which crystallised from the conc. 
solution, was washed with EtOH and Et,O and recrystallised from hot EtOH; 
small needles, m. p. 165° (Found: Br, 40-9; N, 14-3. O,H,N,Br requires 
Br, 41-0; N, 144%). 

Ethylbromomalonamide, similarly prepared from ethylmalonamide (Freund 
and Goldsmith, Ber., 1888, 21, 1245) and pptd., after conc., by Et,0, formed 
fine needles, m. p. 160°, from EtOH (Found: Br, 38-1; N, 13-3. C;H,O,N,Br 
requires Br, 38:2; N, 13-4%). 

Ethylmalonbismethylamide, CHEt(CO-NHMe),. Ethyl ethylmalonate was 
shaken with 33% aq. NH,Me until the mixture became homogeneous. Long 
white needles separated on standing and were recrystallised from petroleum 
(b. p. 100—120°). The product, m. p. 177°, was readily sol. in EtOH, CHCl, 
and AcOH and less sol. in H,O and petroleum (Found: N, 176. C,H,O,Ns 
requires N, 17-7%). 

Ethylbromomalonbismethylamide, CEtBr(CO-NHMe),, was prepared in the 
same way as bromomalonbisisoamylamide. After evaporation of the AcOH 
the residue crystallised from C,H, in fine needles, m. p. 130° (Found : Br, 33°5; 
N, 11-9. C,H,,0,N,Br requires Br, 33-7; N, 11-8%). 


The author thanks the Department of Scientific and Industrial Research for 
@ grant. 
University or EDINBURGH. . (Received, May 27th, 1932.] 
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422, The Benzoyl Derivatives of Indigotin. 


By Epwarp Hors and Drrex RIcHTER. 


Two of the products of direct benzoylation of indigotin under various 
conditions are described in the literature as NN’-dibenzoyl deriv- 
atives, and of the other three products, which are not simple benzoyl 
derivatives (Posner and Hofmeister, Ber., 1926, 59, 1827; Posner, 
Zimmermann, and Kautz, Ber., 1929, 62, 2150), Indigo Yellow Ciba 
3G or Ciba Yellow 3G (‘‘ Colour Index,” No. 1195) is of interest both 
from its connexion with indigotin and as it is of some technical 
value as a vat dye. 

Since the constitutional formulz of none of these compounds have 
been definitely established, the benzoyl derivatives of indigotin have 
been reinvestigated. 

NN’-Dibenzoylindigotin.—The brown amorphous NN’-dibenzoyl- 
indigotin described by Schwartz (J. pr. Chem., 1863, 91, 382) was 
prepared by heating indigotin directly with benzoyl chloride at 180°. 
Posner and Hofmeister have also described a violet N N’-dibenzoy]l- 
indigotin, obtained by benzoylation with benzoyl chloride in 
pyridine solution, which probably has this constitution, as it gives 
indigotin again on hydrolysis. 

Repetition of the work of Schwartz showed that the supposed 
brown dibenzoylindigotin could not be a simple benzoyl derivative, 
as it contained chlorine. It was identical with the substance 
C,)H,,0,N,Cl, known as the “ Dessoulavy compound ” (D.R.-P. 
247154) and obtained by boiling indigotin with benzoyl chloride 
until the blue colour had disappeared. 

The Dessoulavy compound was also formed from the violet 
NN’-dibenzoylindigotin by the more prolonged action of benzoyl 
chloride (Posner, Zimmermann, and Kautz, loc. cit.). 
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It seems likely that the Dessoulavy compound is formed from 
NN’-dibenzoylindigotin as the result of one of the carbonyl groups 
of the indigotin structure condensing with the nucleus of the 
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adjacent benzoyl group. A somewhat analogous reaction occurs in 
the formation of Lake Red Ciba B by the action of phenylacetyl 
chloride on indigotin (Ber., 1924, 57,1311). This reaction, followed 
by a readjustment of the ring systems and substitution of chlorine 
for the hydroxyl group, leads to the formula (II) for the Dessoulavy 
compound. This formula makes clear its relationship both to 
NN’-dibenzoylindigotin and to Ciba Yellow 3G. 

Ciba Yellow 3G.—This substance is obtained by the prolonged 
action of benzoyl chloride on indigotin at 150° in the presence of a 
catalyst such as copper powder. It has the formula C,,H,,0,N, 
(Posner and Hofmeister), which corresponds to a monobenzoyl- 
indigotin less 1H,O. Posner and Hofmeister suggested that it is 
formed by direct substitution of benzoyl into a benzene nucleus of the 
indigotin molecule, followed by ring closure and a readjustment of 
the ring systems to give an anthraquinone derivative (IV). 






NH O N (co 
oo & 0 ar. 
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(III.) 


(IV.) 


The most characteristic property of Ciba Yellow 3G is that on 
heating with 15 per cent. caustic soda solution it takes up water 
to form the sodium salt of a carboxylic acid, from which Ciba 
Yellow 3G can be regenerated on warming in neutral solution. 
Posner and Hofmeister regarded this substance as a dicarboxylic 
acid (V), their evidence for its dibasic character resting on the 
analysis and on the formation of a diethyl ester.. 


(V.) 





A re-examination of the carboxylic acid showed that its properties 
were not in agreement with Posner and Hofmeister’s formulation, 
and were not consistent with their formula for Ciba Yellow 3G 
itself. It was not as basic as an anthranilic acid derivative of this 
constitution should be, and it was further shown by electrometric 
titration to be a monobasic acid. 

Posner and Hofmeister’s “ diethyl ester ” loses alcohol on treat- 
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ment with cold dilute sodium carbonate solution, or at 160°; it 
therefore has not the properties of an ester, and it would appear more 
probable that the alcohol in it is held only by co-ordination or as 
« aleohol of crystallisation.” 

The reversible formation of a carboxylic acid by Ciba Yellow 3G 
under the conditions described suggested that the relation between 
these two substances is that of amino-acid to lactam (cf. VI and 
VII). This was confirmed by methylating the carboxylic acid. with 
methyl sulphate, which gave a dimethyl derivative, 

C.9H,,O0N(NMe-CO,Me), 

in which one methyl group was attached to carboxyl, since it could 
readily be hydrolysed to give a monomethyl-carboxylic acid, 
CygH,,ON(NMe-CO,H), and the remaining methyl group was 
attached to nitrogen, since it was not removed by heating with 
hydriodic acid at 140°. In agreement with this view, no ring 
closure occurred on heating the N-methylcarboxylic acid alone or in 
neutral solution. 

The Dessoulavy compound formed Ciba Yellow 3G by the elimin- 
ation of benzoyl chloride on further heating alone or in the presence 
of a catalyst. The formula suggested above for the Dessoulavy 
compound is in consonance with the formula (VI) proposed for Ciba 
Yellow 3G. Formula (VI) makes clear its relationship to NN’- 
dibenzoylindigotin and to the Dessoulavy compound and is in 
agreement with all the properties of the substance. It explains the 
formation of the carboxylic acid (VII) on heating with 15% caustic 
soda solution, and is further supported by the formation of phthalic 
acid on oxidation, by the alkali degradation of Ciba Yellow 3G to 


= oo 


(VI.) (VII.) 


oy — od nk < 


give anthranilic acid and a hydroxy-acid C,,H,,0,N, no doubt 
3-hydroxy-4-phenylquinoline-2'-carboxylic acid, and by further 
evidence described in the experimental part. 

The other complex products formed by the action of benzoylating 
agents on indigotin are being investigated. 


EXPERIMENTAL. 


The supposed brown dibenzoylindigotin of Schwartz was prepared by his 
method (loc. cit.), and had all the properties described. It was further boiled 
in C,H, with charcoal, and on standing for 5 days the solution deposited a 
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brown semicryst. mass. Recryst. twice from xylene, it formed pale brown 
crystals containing chlorine, m. p. 238°; yield, 8-5 g. from 15 g. of indigotin, 
It was identified with the Dessoulavy compound by mixed m. p. determination, 

The violet NN’-dibenzoylindigotin was prepared by Posner and Hofmeister’s 
method (loc. cit.). Yield, 75%; m. p. 254°. When it (1 g.) was boiled with 
benzoyl chloride (15 g.), the violet colour changed within 5 min. to brown, and 
crystals of the Dessoulavy compound (1-0 g.) separated on cooling. Recryst, 
from xylene, this had m. p. 240°; it was identified by mixed m. p. 

Ciba Yellow 3G, C,,H,,0,N,.—The prepn. given in D.R.-P. 259145 was 
modified as follows: Indigotin (60 g.), Cu powder (6 g.), and ZnCl, (30 g.) were 
heated with benzoyl chloride (130 g.) and nitrobenzene (500 c.c.) for 14 hr. at 
150°. The product was washed with acetone, and the Ciba Yellow 3G separated 
from a small amount of Héchst R and Héchst U by boiling with 15% NaOH aq. 
and reprecipitating the Ciba Yellow 3G by warming the filtered neutral 
solution. Cryst. from xylene, the dye (20 g.) had m. p. 288°. 

A Cl-substituted Ciba Yellow 3G was prepared in the same way by means of 
m-chlorobenzoyl chloride; m. p. 306° (Found: C, 72-5; H, 3-2; N, 7:3, 
C,,H,,0,N,Cl requires C, 72-2; H, 2-9; N, 7-3%). 

Relation of Ciba Yellow 3G to the Carboxylic Acid.—Ciba Yellow 3G dissolved 
in boiling 15% NaOH aq. to give the Na salt of a carboxylic acid, which was 
obtained as a bright yellow ppt. on acidification. The acid could not be 
obtained cryst., since it partly lost H,O to form Ciba Yellow 3G on drying or 
on attempted crystn.; the analysis, therefore, is not satisfactory evidence for 
the formula. The acid dissolved slightly with a red colour in 30% HCl but 
was insol. in dil. acid. The neutral solution of the acid in alkalis deposited 
Ciba Yellow 3G slowly on standing and quickly at 40°. By electrometric 
titration with a H electrode, the acid was found to be monobasic; 0°5 g, 
required 2-3 c.c. N/2-NaOH. 

Co-ordination Compounds with Alcohol.—The carboxylic acid (3 g.) was 
heated for 15 min. at 65° with EtOH (150 c.c.); the filtered solution on 
cooling deposited pale yellow crystals (2-6 g.). ‘The compound was decomposed 
by cold dil. Na,CO, aq., in which it dissolved, and the solution gave a ppt. of 
the bright yellow carboxylic acid on acidification. The compound slowly lost 
EtOH to form Ciba Yellow 3G on drying at 160° and melted at 286—288°, 
i.e., the m. p. of this dye (Found: C, 72-2; H, 6&1. C,3;H,,0,N,,C,H,-OH 
requires C, 72:8; H, 49%). 

The corresponding compound with MeOH was prepared by warming the 
carboxylic acid (1 g.) with MeOH (80 c.c.) at 50° (Found: C, 72-5; H, 4:5; N, 
6-9. C,,H,,0,;N,,CH,°OH requires C, 72-4; H, 4-5; N, 7-0%). 

Methylation of the Carboxylic Acid.—The acid (12 g.) was dissolved in 15% 
NaOH aq. (100 c.c.) and shaken with Me,SO, (30 c.c.) below 35°. The pptd. 
Na compound was dissolved in dil. Na,CO, aq., and the filtered solution 
acidified, giving a ppt. of a monomethyl-carboxylic acid (9 g.), yellow needles, 
m. p. 232°, after recrystn. from EtOH. 

Further methylation at 50° gave a dimethyl derivative insol. in dil. alkali 
(cf. Ber., 1926, 59, 1835), which was hydrolysed by dil. NaOH aq. or by 
HI aq. to give the monomethyl-carboxylic acid (Found: MeO, 76. 
Cy.H,,ON-NMe-CO,Me requires MeO, 78%). 

The monomethyl-carboxylic acid was slightly basic, since it dissolved to give 
a red solution in 15% HCl. It was sol. in dil. Na,CO, aq. or dil. NaOH aq 
but with 25% NaOH aq. formed an oily Na compound similar to the -indoxyl 
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derivatives observed by Sidgwick and Plant (J., 1925, 127, 209) (Found: C, 
155; H, 4:5. C.,H,,0,N, requires C, 75-8; H, 4:2%). 

The methyl-carboxylic acid began to lose CO, at 280°; the product was 
insol. in alkali and formed yellow needles, m. p. 168° from AcOEt (Found: N, 
8-2. Cy,H,,ON, requires N, 8-3%). 

Alkali Degradation of Ciba Yellow 3G.—The dye (9 g.) was heated with 10% 
NaOH aq. (90 c.c.) for 7 hr. at 220° in a steel tube. The colourless crystals 
which separated on cooling (2-5 g.) were the Na salt of an acid, C,,H,,0,;N, 
which crystallised from EtOH in colourless rhombs, m. p. 220—230° with gas 
evolution (Found: C, 72-5; H, 4:2; N, 5-2. Cy gH,,0,;N requires C, 72-5; 
H, 4:1; N, 5-3%). 

The acid C,,H,,0,N was a hydroxy-acid, since when heated alone or warmed 
in acid solution it formed a lactone, which crystallised in pale yellow needles, 
m. p. 215°, from AcOH, and was sol. in hot 8% NaOH aq. (Found: C, 77-3; 
H, 4-0; N, 5°8. C,,H,O,N requires C, 77-7; H, 3-7; N, 5-7%). 

Anthranilic acid also was isolated (0-5 g.) and in smaller amounts a yellow 
pyridone derivative, m. p. above 360° after crystn. from cyclohexanone (Found : 
C, 83-7; H, 3-6; N, 5-8. C,,H,ON requires C, 83-9; H, 3-7; N, 5-8%), and 
a substance isomeric with the lactone described, but having the properties of a 
lactam and forming colourless needles, m. p. 228°, from AcOH (Found: C, 
17-7; H, 3-7; N, 5:-7%). By the action of 15% NaOEt on Ciba Yellow 3G 
there was obtained a base, insol. in dil. NaOH aq., which formed colourless 
needles, m. p. 197°, from AcOH (Found : C, 78-1; H, 3-6. ©,,H,,ON, requires 
0, 78:1; H, 40%). Of these substances, only anthranilic acid could be 
identified. 

The Dessoulavy Compound, C,,H,,0,;N,Cl.—This substance was prepared by 
heating indigotin with benzvyl chloride at 180° (D.R.-P. 247154). The Des- 
soulavy compound (1 g.), heated in paraffin (30 c.c.) to 315°, decomposed to 
give benzoy] chloride and Ciba Yellow 3G. Cryst. from xylene, this had m. p. 
287°; it was identified by its solubility in 15% NaOH aq. and by mixed m. p. 
(ef. D.R.-P. 247155). 

Ciba Yellow 3G is also formed from the Dessoulavy compound at a lower 
temp. in the presence of a catalyst, so that it is probable that the Dessoulavy 
compound is an intermediate in the technical prepn. of Ciba Yellow 3G. The 
Dessoulavy compound (1 g.) was heated with ZnCl, (0-5 g.), Cu powder (0-1 g.), 
and benzoyl chloride (0-5 c.c.) in nitrobenzene (10 c.c.) for 5 hr. at 150°. The 
product was a mixture of Ciba Yellow 3G with Héchst U, which was separated 
by treatment with 15% NaOH aq. The former was identified by mixed m. p. 


The authors thank the Gesellschaft fiir Chemische Industrie (Basle) for 
certain materials, and the Chemical Society for grants. 


Tae Dyson Prerrins LABORATORY, 
OxFORD. [Received, October 15th, 1932.] 
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423. The Propagation of Flame in Electric Fields, 
Part II. The Effects of Transverse Fields. 


By E. M. Guenavutt and R. V. WHEELER. 


SEVERAL investigators, to whose work we referred in Part I (J., 1931, 
195), have studied the effects of an electric field transverse to the 
direction of travel of the flame in explosive gaseous mixtures. 
Some of their observations, which related more particularly to the 
mean speeds of the flames, are apparently contradictory. In the 
present work an attempt is made to analyse the manner of propag- 
ation of flame under the influence of an electric field, and to adjudge 
the effects of the factors involved 

The effect of the shape of the flame front on the speed of the “ uni- 
form movement ”’ has been clearly demonstrated by Coward and 
Hartwell (this vol., p. 1996), who recall that Gouy (Ann. Chim. 
Phys., 1879, 18, 5) had postulated that the amount of a gaseous 
mixture burnt in a flame is proportional to its surface area, and that 
Ellis (see, e.g., Fuel, 1928, 7, 195) has consistently maintained this 
to be true under certain conditions. Coward and Hartwell’s work 
proves that, during the uniform movement in mixtures of methane 
and air, unit area of flame surface burns a certain volume of the mix- 
ture in unit time, so that the effective speed of propagation of flame 
is proportional to the area of the flame surface during its travel. 

In a study of the speed of propagation of flame under any con- 
ditions, e.g., along a tube, the following factors must be taken into 
account : (i) The speed of transmission of the chemical reactions of 
combustion from “ layer to layer ”’ of the mixture; 7.e., the “ abso- 
lute ’ speed of the flame. (ii) The movement of the gas mixture as a 
whole, either by conditions purposely imposed on it or by reason of 
pressure gradients induced by the flame itself. (iii) Cooling of the 
hot products of combustion, e.g., by contact with the walls of the 
vessel containing the explosive mixture. (iv) The shape assumed 
by the flame surface, dependent on (ii) and (iii) and on the operation 
of convection currents in the immediate vicinity of the flame. 

Under the influence of an electric field, other factors may be 
presumed to operate, viz.: (v) Change in the speed of the chemical 
reactions owing to the movement of gaseous ions. (vi) Change in 
the movement of the flame gases due to the mechanical pull of the 
field on the electrically charged positive ions. (vii) Alteration in 
the area of the flame surface as a result of (vi). 

For our study of the effects of transverse electric fields, flames 
have been produced under three different conditions : (a) Moving 
downwards in a tube against a steady upflow of explosive mixture 
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(cf. Malinowski, J. Chim. physique, 1924, 21, 469; Bernackyj and 
Retaniw, Ukrain. Phys. Abhand., 1928, 2,9; Haber, Sitz. Preuss. 
Akad. Wiss., Phys.-Math., 1929, 11, 162; and Malinowski and Law- 
row, Z. Physik, 1930, 59, 690); (6) travelling upwards from an open 
to a closed end of a vertical tube; and (c) travelling from the lower 
to the upper end of a closed vertical tube (cf. Thornton, Phil. Mag., 
1930, 56, 260). 

From our observations we conclude that, under the conditions of 
experiment, changes in the speeds of the flames following the 
imposition of transverse electric fields are due mainly to changes in 


their surface areas. 
EXPERIMENTAL. 


In all the expts., the electrical condenser, between the plates of which the 
field was produced, consisted of an axial rod of steel and a helical winding, 
outside the glass tube, of fine Cu wire. This arrangement made it possible to 
observe the flames closely and to obtain snapshot photographs of them. 
The internal diam. of the glass tubes was about 3 cm., and the diam. of the 
axial rod was such that the width of the annular space was in no case less than 
lem. Cooling of the flame by the walls of the tube was therefore never a 
prominent factor. 

One plate of the condenser, continuously charged by means of a transformer 
and a synchronous mechanical rectifier, was connected to an external conden- 
ser to maintain a steady field; the other plate was earthed. The effective 
potential gradient across the highly conductive flame gases was less than that 
across the complete condenser, for most of the drop in potential occurred 
across the glass wall of the tube. With potentials exceeding 12,000 volts, 
conduction through the flame was so rapid as to cause the momentary neutralis- 
ation of the charge on the axial rod and the building up of 4 charge on the inner 
surface of the glass tube. This caused an intermittent alteration, or oscil- 
lation, of the electric field and a consequent breaking up of the flame surface, 
which greatly increased its area. 

(a) Downward Movement of Flame Against a Gas Stream.—The apparatus 
used, which resembled that of Malinowski (loc. cit.), is illustrated in Fig. 1. 
The internal diameter of the glass tube was 3-2 cm., and the length of the 
electrical condenser 20 cm. 

Air and inflammable gas were stored separately in cylinders under press. 
and delivered through orifice flow-meters to a mixing chamber and thence to the 
apparatus. Currents of mixtures of any composition could thus be caused to 
flow at the desired speeds through the annular space between the plates of the 
condenser. Ignition was effected by an electric spark over the open top of the 
tube. 

Acetylene and air. With a mixture containing 3-5% C,H;, the speed of the 
current was adjusted so that the flame just could not move downwards against 
it. The axial rod of the condenser was then charged positively to a potential 
of 5,000 volts. The flame moved rapidly downwards. 

With a rather richer mixture, 4% C,H,, and the same speed of current, the 
flame could move slowly downwards when no electric field was imposed. 
With the axial rod charged positively to 5,000 volts, the speed of the flame 
was trebled. From the series of snapshot photographs obtained, at intervals 
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of 145 millisecs., by the method of Ellis and Robinson (J., 1925, 127, 764), 
Fig. 2 has been constructed (prints from the photographs being too faint for 
reproduction). The increased speed and larger area of the flame under the 
influence of the electric field are clearly shown. 
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With a mixture containing a large excess (22%) of C,H,, only the primary 
flame moved downwards, and C was deposited on the surfaces of the tube and 
axial rod. An increase in the speed of the flame was obtained when either 
plate of the condenser was charged positively to 5,000—10,000 volts. 

Carbon monoxide and air, With mixtures of CO and air, the flames can 
readily be photographed. The following experiments were made with & 
mixture containing 29-49 CO. 
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With no electric field, the current was so adjusted that the flame passed down 
the condenser at a mean speed (relative to the tube) cf 41-5 em./sec. The 
shape of the flame front, through the “ nose” of which the axial rod of the 
condenser passed, is illustrated in Fig 3 at a. 

With the axial rod charged positively, no change was observed until the volt- 
age reached 4,000, whereupon the flame front became rather flatter, as at b 
(Fig. 3), and its speed fell to 39-3 cm./sec. With a voltage of 5,000, the 
speed of the flame was 38-6 cm./sec. On increasing the charge to 6,000 volts, 
a further change in the shape of the flame front occurred, the foremost part 
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Gas flow 
No field Axtal rod positive Axial red negative 


occupying a position within the annulus nearer to the wall of the tube than 
to the axial rod, as at c (Fig. 3). This change was accompanied by an increase 
in the mean speed of the flame to 52°8 cm./sec. Further increase in the voltage 
caused this change of shape to become more marked, as at d (Fig. 3), the 
flame front becoming more elongated and sometimes broken. Typical snap- 
shot photographs from which Fig. 3 was constructed are reproduced on Plate 
I, Measurements of the speeds were : 


Charge (+-), volts. 8,000 10,000 16,000 
Mean speed of flame, cm. [seC. weve 53°5 55-5 75-0 


When the axial rod was charged negatively, up to 8,000 volts, the shape of 
the flame front became slightly elongated, as at e (Fig. 3), and its speed was 
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about 47 cm./sec. At higher potentials, the flame front became broken and 
parts of it showed a tendency to revert to the shape c (Fig. 3), probably 
because of the momentary break down and reversal of direction of the field to 
which reference has been made earlier, Measurements of the speeds were; 


Charge (—), Volts .........+sssee20++» 6,000 8,000 9,000 12,000 
Mean speed of flame, cm. /sec. 41°8 47°0 52°0 70°4 


When the outer helical wire was charged, either positively or negatively, 
similar results were obtained to those under the reverse conditions, but rather 
higher voltages were required. : 

(b) Upward Movement of Flame in a Vertical Tube Closed at the Upper End.— 
A glass tube, 96 cm. long and of 3 cm. internal diam. was used. The condenser 
was formed by an axial rod of steel, 0-62 cm.in diam., extending from the upper, 
closed end of the tube to within 18 cm. of the open end, and a helical winding 
of Cu wire, 48 cm. long, beginning 18 cm. from the open end. Thus, when an 
inflammable mixture was ignited (by an electric spark) at the open end of the 
tube, the flame travelled 18 cm. before it entered the annular space of the 
condenser. 

In many expts. in which no electric field was imposed, the flame surface 
during the early stages of its movement was unsymmetrical, being tilted at an 
angle to the axis of the tube (see a, Plate II). This was probably due either to 
a slight asymmetry of the spark used to cause ignition or to some movement 
of the air across the open end of the tube at the moment of ignition. When 
an electric field was imposed, the flame surface became symmetrical as soon as 
it entered the condenser (see b, Plate II), as though the pull of the field con- 
trolled the shape of the flame. 

With mixtures of CO and air containing 28-5% CO and saturated with H,0 
vapour at 17°, snapshot photographs of the flames were taken during the uni- 
form movement that lasted over their first 38 cm. of travel. Although the 
flame front was sometimes slightly broken on entering the annulus of the 
condenser, a number of photographs of stable flames were obtained from which, 
on enlargement, the approximate areas of the flame surfaces could be measured, 

With the axial rod charged positively, the following results were obtained : 


Potential across Speed of flame, Area of flame Ratio 
condenser, volts. cm./sec. surface, sq. cm. speed /area. 
Nil 52-5 10-15 5-2 
6,000 46-8 9-70 4-8 
10,000 52-5 10-05 5-2 
14,000 71-0 14-00 5-1 


Typical series of snapshot photographs, taken at intervals of 77 millisecs., 
are reproduced on Plate II. ‘The black bands across some of the photographs 
are caused by strips of paper placed as reference marks 20 cm. apart. 

(ec) Upward Movement of Flame Within a Vertical Closed Tube.—A glass tube 
1 m. long and of 3 cm. internal diam. was used. This was fitted with an axial 
rod of steel and an outer helical winding of Cu wire over the middle 80 cm. 

With a weak mixture of CO and air (13% CO), ignited by an electric spark 
at the lower end of the tube, electric fields with charges up to 16,000 volts 
had but little effect on the movement of the flame. Apparently, the dominat- 
ing factors in controlling the shape of the flame under the experimental 
conditions were the press. gradients of the explosion. With mixtures of C,H, 
and air, however, the speed of the flames, which are known to be 
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T’pward movement of flame in a vertical tube closed at the upper end, 


Carbon monoxide and air. (a) No field: (b) 6,000; (ce) 10,000; 
(d) 14,000 volts. 








STUDIES ON HYDROGEN CYANIDE. PART IV. 2793 


highly ionised, increased markedly when the axial rod of the condenser was 
charged positively at 10,000 volts or more. 


DIscussion. 

It is evident that assessment of the effect of an electric field on any 
particular form of moving flame necessitates a careful analysis of the 
separate effects of other factors that may govern its propagation. 

Our experimental results, which confirm those of Thornton (loc. 
cit.) and Lewis (J. Amer. Chem. Soc., 1931, 53, 1304) with mixtures 
of methane and air, demonstrate that the changes produced by a 
transverse electric field on the speed of propagation of flame are due 
to changes in the shape and area of the fi“e surface. It is probable 
that the extinction of flames in rich mixtures of hydrocarbons with 
air by a transverse electric field, observed by Malinowski and others, 
was due to the flame surface becoming enlarged and, in consequence, 
excessively cooled by the metal walls of the narrow annular spaces 
(never more than 5 mm. wide and often as little as 1-5 mm.) through 
which the flames had to travel. 

From the nearly constant relationship between the speed of 
flame under the influence of an electric field and the area of its 
surface with or without the field, we conclude that in our experiments 
the field had no effect on either the character or the speed of the 
chemical reactions. The changes that occurred in the shapes and 
areas of the flames (see Fig. 3) can be explained as being due to a 
mechanical drag exerted by the field on flame, which behaves, as 
illustrated in Part I of this research, as a positively charged mass of 
gas. The short arrows in Fig. 3 indicate the directions of the drag 
on the flarhes in those experiments. 

The nature of the ions present in the flames, and the mechanism 
of their production, have not yet been fully elucidated. Experi- 
ments now in progress are directed to those problems. 


This work forms part of researches carried out for the Safety in Mines Re- 
search Board, to whom our thanks are due for permission to publish the results. 


Sarety iv Mines Researcu LABORATORIES, 
SHEFFIELD. [Received, September 28th, 1932.] 





424. Studies on Hydrogen Cyanide. Part IV. 
Gattermann’s Hydrogen Cyanide Aldehyde Synthesis. 


By Lzonarp E. Hinxex, Ernest E. Ayiine, and 
Witiiam H. Morean. 


AccorpDING to Gattermann and his co-workers (Ber., 1899, 31, 1149, 
1766), not only does benzene not react with hydrogen cyanide and 
hydrogen chloride in the presence of aluminium chloride, but it 
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can be used as a solvent in the synthesis of aromatic aldehydes, 
However, Baeyer and Co. (D.R.-P. 99568), immediately prior to 
Gattermann’s publications, described the preparation of aldehydes 
from aromatic hydrocarbons by this method, although no direct 
reference to benzene was made. If, as is now proposed, chloro- 
methyleneformamidine (Hinkel and Dunn, J., 1930, 1834) be the 
intermediate chloride in the synthesis, benzene and its homologues 
should react with hydrogen cyanide : this point is here investigated, 
The double compound AICl,,2HCN, formed when hydrogen cyanide 
is added to a benzene suspension of aluminium chloride (Hinkel 
and Dunn, J., 1931, 334Q), is apparently not decomposed when 
hydrogen chloride is passed through the mixture, since no benzalde. 
hyde results when Gattermann’s procedure is followed to com- 
pletion. If, however, the mixture be boiled, instead of being kept 
at 40°, benzaldehyde (14% yield *) is finally obtained. This 
observation explains why Gattermann could use benzene as an 
indifferent solvent in the synthesis, since all his reactions were 
carried out at or below 40°. At the higher temperature the double 
compound decomposes into its constituents and the liberated 
hydrogen cyanide can form chloromethyleneformamidine with the 
hydrogen chloride (the sesquichloride cannot be formed at the 
higher temperature; Hinkel and Dunn, J., 1930, 1834). The 
chloromethyleneformamidine then reacts normally with benzene 
in the presence of the liberated aluminium chloride, as represented 
by the scheme : 


NH:CH oy, NH:OH u,0 NH, + HCO,H yo NH,+ 
N:CHCL—* = N:‘CHPh —> + NH:CHPh ~~ Ph-CHO 


(compare ibid.; Gattermann and Schnitzspahn, Ber., 1898, 31, 
1770). 

With toluene, when the reaction is carried out at 40° under 
Gattermann’s conditions, the yield of p-tolualdehyde is 14%, and 
this is raised to 100% when the reaction temperature is 100°. 
Similarly, o- and p-xylenes and mesitylene give yields of 85%, 
and m-xylene 100%, of the respective aldehydes at the higher 
temperature. 

The yield of benzaldehyde can be increased by using larger 
amounts of aluminium chloride, and it appears to us essential, in 
the Gattermann synthesis, to have aluminium chloride in the 
uncombined state. Confirmation of this view is obtained in the 


* All yields, unless otherwise stated, are calculated on the basis that 2 
molecules of HCN (necessary for chloromethyleneformamidine formation) até 
required for each molecule of hydrocarbon or phenolic compound (compare 
p. 2796). 
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ease of toluene when zinc cyanide is used instead of free hydrogen 
eyanide (compare Adams and Levine, J. Amer. Chem. Soc., 1923, 
45, 2373; Adams and Montgomery, ibid., 1924, 46, 1518). When 
the reaction was carried out with 2 molecules of aluminium chloride 
to 1 of zinc cyanide (equivalent to AICl,,2HCN -+- AICl,) a yield of 
only 65% of aldehyde was obtained at 100°, whereas with 3 molecules 
of aluminium chloride (equivalent to AICl,,2HCN + 2AlCl,) the 
yield was 100%. 

In the preparation of anisaldehyde from anisole, Gattermann 
(Annalen, 1907, 357, 313) claims to have obtained a 100% con- 
version into aldehyde by using 4 molecules of hydrogen cyanide 
to 1-2 molecules of aluminium chloride, corresponding to AlCl,,2HCN 
+13HCN. We, however, repeatedly failed to get more than a 
46%, conversion, and in experiments in which the proportion of 
aluminium chloride to hydrogen cyanide was varied, again the 
yields were best when excess of aluminium chloride was present : 
eg., with hydrogen cyanide : aluminium chloride = 2 : 0-85 mole- 
cules (equivalent to AICl,,2HCN + 0-35 HCN) the yield of aldehyde, 
with excess of anisole, was 45%, and with a proportion equivalent 
to AICI],,2HCN + AICI, the yield was 77%. 

In comparing these experiments with anisole with the first 
described above with benzene, it might not be expected, at first 
sight, that any action should occur at 40°, since with excess of 
hydrogen cyanide all the aluminium chloride would be fixed as 
AICl,,2HCN, which would not be decomposed at the temperature 
employed. Since, however, this compound readily dissociates in 
ether (Hinkel and Dunn, J., 1931, 3343), it is to be expected that 
dissociation will also occur in phenolic ethers, thus giving the 
necessary conditions for the reaction to take place. Variations of 
reaction temperature should therefore have little effect on the yield 
in this case, since increase of temperature in order to cause this 
dissociation is not essential, and we find that similar yields are 
obtained at 40° and 100°. 

Since it is the hydrogen cyanide which gives rise to the CHO group, 
the yield of aldehyde is most aptly expressed on the basis of the 
hydrogen cyanide employed, and not, as Gattermann usually did, 
on the basis of the phenol taken, when the reaction is carried out 
with molecular proportions of the reactants, or even with the hydro- 
carbon or phenolic compound in excess. Consideration of the yield 
is also influenced by the nature of the intermediate compound, 
chloromethyleneformamidine necessitating two molecules of hydro- 
gen cyanide, as compared with the one molecule for the supposed 
imidoformyl chloride (which appears to be incapable of existence ; 
compare Hinkel and Dunn, J., 1930, 1834), in the formation of one 
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molecule of aldehyde. Neither from any hydrocarbon examined 
nor from anisole is a yield of more than 50°% obtained on the 
hydrogen cyanide basis, which corresponds to 100% based on chloro- 
methyleneformamidine as the intermediate. 

Resorcinol is particularly suited for confirming the correctness 
of our view, since it reacts readily with hydrogen cyanide and 
hydrogen chloride in ethereal solution, the presence of aluminium 
chloride being unnecessary. Gattermann and Kébner (Ber., 1899, 
32, 278) employed only 1-4 molecules of hydrogen cyanide to 1 
molecule of resorcinol and state that they obtained a quantitative 
conversion of the resorcinol into aldehyde. This is obviously 
impossible if chloromethyleneformamidine (requiring 2 molecules 
of hydrogen cyanide) be the intermediate. Here again, with 
several repetitions of their experiment, we have not been able to 
corroborate this result, but find only about 55% conversion of 
resorcinol into aldehyde, the yield of the latter being equivalent 
to 78% calculated from the hydrogen cyanide employed, on the 
chloromethyleneformamidine basis. Moreover, in a series of sub- 
sequent experiments, in which resorcinol was present in excess of 
that required for two molecules of hydrogen cyanide to ensure the 
maximum reaction of the hydrogen cyanide, the yields all approxim- 
ated to 78%. Even under the best conditions for maximum con- 
version of resorcinol into aldehyde, viz., a large excess of hydrogen 
cyanide, a conversion of more than 69°% could not be realised. 


EXPERIMENTAL. 


Apparatus and Materials.—The vessel was a Pyrex 500 c.c. flask carrying 4 
reflux condenser, a dropping-funnel for addition of HCN, and a tube for 
delivery of HCl (dried by H,SO,). The anhydr. HCN was prepared by the 
method of Coates, Hinkel, and Angel (J., 1928, 542). C,H, and C,H, were 
purified by H,SO,, dried over CaCl, and then Na, and distilled. The remaining 
hydrocarbons and anisole were dried and fractionally distilled. The ether 
was Na-dried. The solids employed were Merck’s chemicals, resorcinol, 
anhydr. sublimed AICI, for synthesis, and Zn(CN),, which was dried at 120° 
for 1 hr. and analysed for cyanide content before use. 

General Method for the Preparation of Aldehydes from Aromatic Hydrocarbons. 
—To a mixture of AICI, (52 g.; 2 mols.) and the hydrocarbon (50 c.c.; excess), 
cooled in ice, HCN (15 c.c., equiv. to 2 mols.) is added during 15 min., with 
shaking. After being kept at room temp. for 5 min., the mixture is heated 
to about 60°, and a slow current of HCl passed through it. A vigorous 
reaction occurs and the whole is then maintained at 100° for 5 hr., passage of 
HCl being discontinued after 2 hr. After standing over-night, the viscous 
mixture is poured on ice-conc. HCl, and distilled in steam. From the dried 
ethereal extract of the distillate, the aldehyde is obtained by fractional 
distillation. ? 

The yields usually obtained (with the exception of C,H,) range from 85 
to 100%. - ‘ 
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Benzene.—(a) AlCl,,2HCN at 0° and 40°. HCl was passed for several hr. 
through a suspensien of the double compound in excess of C,H,, at 0° and also 
at 40°, the mixture poured on ice—HCl aq., and the general procedure continued. 
No benzaldehyde was detected in either case. 

(b) At the boiling point. HCl was passed into a mixture of AICI, (30 g.; 
1:15 mols.) and C,H, (15 c.c.) on a steam-bath, and a mixture of HCN (15 ¢.c.; 
2 mols.) and C,H, (9 c.c.) gradually added, the heating being continued for 
5 hr. and the passage of HCl discontinued after 1-5 hr. Further treatment as 
above yielded 2-4 g. (11-6%) of benzaldehyde, b. p. 175—180°. 

(c) General method. This gave 4-2 g. (20-4%) of aldehyde. 

(d) General method with excess AlCl,. An expt. similar to (c), only using 
78 g. (3 mols.) of AICI, (equiv. to AIC],,2HCN + 2AlICI,), yielded 8-0 g. (39% 
of aldehyde. 

Toluene-—(a) At 40°. A repetition of the patented method (loc. cit.), 
using toluene (30 g.; 1-7 mols.), AICI], (40 g.; 1-5 mols.) and HCN (15 c.c.; 
2 mols., equiv. to AlCl,;,2HCN + 0-5Al1CI,) and a reaction temp. of 35—40° 
for 4:5 hr., yielded 3-3 g. (14%) of p-tolualdehyde, b. p. 200—204°. 

(b) AIC], + 2HCN at 100°. By the general procedure, but with 26 g. 
(1 mol., equiv. to AlCl,,2HCN) of AICl,, a yield of 9-0 g. (38%) was obtained. 

(c) General method. A quantitative yield (23-3 g.) was obtained. 

(d) General method with excess AICl,. With 70 g. (2:6 mols., equiv. to 
AICI,,2HCN + 1-6AICI,) of AlCl,, 22-4 g. (96%) of aldehyde were obtained. 

o-Xylene.—By the general method, 22-0 g. (85%) of 3: 4-dimethylbenz- 
aldehyde, b. p. 225—-228°, were obtained. 

Treated similarly, m-xylene yielded 25-2 g. (97%) of 2: 4-dimethylbenz- 
aldehyde, b. p. 218—223°, p-xylene 22-0 g. (85%) of 2 : 5-dimethylbenzalde- 
hyde, b. p. 219—-221°, and mesitylene 24-3 g. (85%) of 2: 4: 6-trimethyl- 
benzaldehyde, b. p. 237—-240°. 

Ethylbenzene yielded a mixture (21-9 g.), b. p. 220—250°. No pure 
substance was obtained, although p-ethylbenzaldehyde (b. p. 221°) was 
proved to be present in the fraction, b. p. 215—230°, by means of its semi- 
carbazone (compare Fournier, Compt. rend., 1903, 186, 558). 

Experiments with Zine Cyanide.—Benzene. C,H, (50 c.c.; excess), AlCl, 
(52 g.; 2 mols.), and Zn(CN), (23-4 g.; 1 mol., equivalent to AIC],,2HCN + 
AICl,) were mixed in the cold and then heated until almost boiling. Passage 
of HCl was then started, and the general procedure continued. The solids 
gradually dissolved and the mixture then became pasty with continued 
heating. Yield of benzaldehyde, 3-2 g. (15:5%). 

Toluene. (a) The above expt., repeated with toluene (50 c.c.), yielded 
15-2 g. (65%) of p-tolualdehyde. 

(b) A similar expt., with 78 g. (3 mols., equiv. to AICl,,2HCN + 2AlICI,) 
of AICI,, gave an almost quantitative yield (23-0 g.) of the aldehyde. 

Experiments with Anisole-—(a) With excess hydrogen cyanide (Gattermann, 
Annalen, 1907, 357, 313; compare Gattermann and Frenzel, Ber., 1898, $1, 
1150). HCl was passed through an ice-cocled mixture of anisole (30 g.; 
1 mol.) and HCN (30 g.; 4 mols.) for 30 min., AICI, (45 g.; 1-2 mols.) then 
gradually added, the mixture warmed to 40°, with slow passage of HCl, and 
the reaction continued at 40° for 5 hr. The remainder of the procedure was 
carried out as previously described, the anisaldehyde being collected at 
241—250°; yield 17-2 g., corresponding to 46% conversion of anisole into 
aldehyde. 
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(b) With excess of anisole, and HCN in slight excess of that required for 
AICl,,2HCN. With anisole (50 c.c., approx. 5 mols.), HCN (7-5c.c.; 2 mols.), 
and AICI, (11 g.; 0:85 mol., equiv. to AICl,,2HCN + 0-35HCN), the above 
procedure yielded 6-0 g. (45%) of anisaldehyde. 

(c) General method at 40° and 100°. By the general method described for 
hydrocarbons (p. 2796), with anisole (50 c.c.; excess) and a reaction temp. of 
40°, 20-5 g. (77%) of anisaldehyde were obtained. 

Similar expts. with the normal reaction temp. of 100° yielded 20-4 and 
21-3 g. (77 and 81% respectively) of anisaldehyde. 

Experiments with Resorcinol.—Repetitions of the exact procedure described 
by Gattermann and Kébner (Joc. cit.), in which the proportions are resorcinol, 
1 mol. (10 g.); hydrogen cyanide, 1-4 mols. (3-5 g.), yielded only 6-9 and 
6-8 g. (78 and 77% respectively) of resorcylaldehyde, calc. on HCN on the 
chloromethyleneformamidine basis. 

Subsequent expts., in which the quantity of HCN was varied, gave yields 
of aldehyde as follows : 

(a) HCN, 3-85 g. (1:54 mols.); yield, 7-9 g., 82%. 

(b) HCN, 1-75 g. (0-7 mol.); yield, 3-5 g., 79°5%. 

(ce) HCN, 6-0 g. (2-4 mols.); yield, 8-6 g., corresponding to 69% conversion 
of resorcinol into aldehyde. 


The authors thank Mr. R. T. Dunn for assistance, the Chemical Society for 
a grant, and Imperial Chemical Industries Ltd. for a gift of sodium cyanide. 
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425. Resin Acids. Part II. Synthesis of 1- 
Methyl-7-isopropylphenanthrene (Retene). 


By JocenpRA C. BarpHan and SuresH C. SENGUPTA. 


? 


Ethyl. y-isepropylpimelate on treatment with “ molecular” sodium 
yielded ethyl 4-isopropylcyclohexan-l-one-2-carboxylate (I), the 
potassio-derivative of which condensed with $-o-tolylethyl bromide 
with the production of ethyl 4-isopropyl-2-(6-o-tolylethyl)cyclohexan- 
l-one-2-carboxylate (II). This on reduction with sodium amalgam 
furnished the expected hydroxy-ester (III), which was successively 
treated with phosphoric oxide and selenium exactly as described 
in Part I (this vol., p. 2521). 1-Methyl-7-isopropylphenanthrene 
thus produced was indistinguishable from retene obtained from 
abietic acid. 

This synthesis and the earlier one by Haworth, Letsky, and 
Mavin (ibid., p. 1791) establish beyond doubt that in abietic acid 
the methyl and the isopropyl group are in positions 1 and 7 
respectively. 

The position of the carboxyl group in abietic acid remains to 
be determined. Since Haworth and his collaborators have shown 
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that 1 : 4-dimethyl-7-isopropylphenanthrene is not identical with 
methylretene (loc. cit., p. 1787), the carboxyl group is not in 
position 4. Vocke has advanced (Annalen, 1932, 497, 255) a new 
formula for abietic acid in which the carboxyl group occupies 
position 1, along with the methyl group. In view of the well- 
known difficulty of esterifying abietic acid and the very slow rate 


Me CH 
CH-CO,Et a NA AN on, 
oc’ \CH, Okt lV CO,Et 
B 
HC. cub 
ts 0 = HO-HC’ \oH, 
te H,O. JcHPré HC. JcHPré 
CH, CH, 
(II.) (III.) 


of hydrolysis of its ester (unfinished work by us), Vocke’s formula 
must be preferred to the modified formula of Ruzicka (Helv. Chim. 
Acta, 1931, 14, 545) in which the carboxyl group is in position 2. 
It seems to us that the synthesis of methylretene will not have any 
direct bearing on the question of the position of the carboxyl group in 
abietic acid. We are therefore trying to synthesise the acids C,,H,,0, 
and C,,H,,0,, the two most important degradation products of 
abietic acid (Ruzicka and collaborators, Helv. Chim. Acta, 1925, 8, 
637; Levy, Ber., 1929, 62, 2501; Vocke, loc. cit., p. 258), in order to 
throw further light on the analytical experiments of Vocke. 


EXPERIMENTAL. 

Ethyl y-isoPropylpimelate.—Ethyl y-isopropylidenepimelate (Perkin and 
Simonsen, J., 1907, 91, 1743) (25 g.) was dissolved in 95% EtO™ (50 'c.c.) 
and shaken with platinum oxide (Adams and Shriner, J. Amer. Chem. Soc., 
1923, 45, 2171) (0-2 g.) in H. Much heat was evolved and hydrogenation 
was complete ina few hr.; it was necessary to revive the catalyst once by 
treatment with O, Ethyl y-isopropylpimelate was obtained as a colourless 
liquid with an ethereal odour, b. p. 170°/27 mm. (Found: C, 64-9; H, 10-1. 
C,,H,,0, requires C, 65-1; H, 10-1%). It did not absorb Br in CHC). 

Ethyl 4-isoPropylcyclohexan-1-one-2-carborylate (I).—Finely divided Na 
(3-5 g.) under dry C,H, was treated with ethyl y-isopropylpimelate (19 g.) 
diluted with 2 vols. of C,H,. Heat was applied to start the reaction and 
again later to complete the dissolution of the Na. The product was decom- 
posed by ice and dil. HCl, and the oily layer washed (Na,CO, aq.), dried, and 
distilled; b. p. 130—132°/10 mm. (yield, 50%) (Found: C, 67-5; H, 9-6. 
C,,H,,O, requires C, 67°9; H, 9-4%). Ethyl 4-isopropylcyclohexan-1-one- 
2-carboxylate has a pleasant odour, gives a deep violet colour with’ alc. FeCl,, 
and yields on hydrolysis 4-isopropyleyclohexan-l-one (semicarbazone, m. p. 
199—191°; Cahn, Penfold, and Simonsen, J., 1931, 1369, give m. p. 188—189°). 
Ethyl 4-isoPropyl-2-(B-o-tolylethyl)cyclohexan-1-one-2-carboxylate (II),—The 
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potassio-derivative (K 2 g., keto-ester 10-5 g., dry C,H, 50 c.c.) and B-o-tolyl- 
ethyl bromide (10 g.) were refluxed for 28 hr. The ester (II) was a colour. 
less viscous liquid (7 g.), b. p. 195—197°/2 mm, (Found: C, 76-3; H, 9-3. 
Cz,H gO, requires C, 76-4; H, 9-1%). 

Ethyl 4-isoPropyl-2-(B-o-tolylethyl)cyclohexan-1-ol-2-carboxylate (II1).—The 
foregoing keto-ester was twice reduced with a large excess of Na—Hg, and 
the hydroxy-ester obtained as a very viscous liquid, b. p. 200—205°/2 mm. 
(Found: C, 75-3; H, 9-2. C,,H,,0, requires C, 75-9; H, 9-6%). 

1-Methyl-7-isopropylphenanthrene.—The hydroxy-ester (4 g.) was heated 
with P,O, (10 g.), and the product (2 g.) dehydrogenated with Se (5 g.) at 
300—340° for 24 hr. The brown oil obtained was converted into the picrate, 
and the hydrocarbon regenerated with NH, aq. and twice crystallised from 
EtOH (charcoal), forming colourless plates, m. p. and mixed m., p. (with 
retene) 98—99° (Found: C, 92-4; H, 7-7. Cale.: C, 92-3; H, 7°7%). The 
picrate prepared from the pure hydrocarbon crystallised from EtOH in 
orange-yellow needles, m. p. and mixed m. p. (with retene picrate) 123—124°, 


University COLLEGE oF SCIENCE AND TECHNOLOGY, 
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426. Studies in Electrolytic Oxidation. Pari II. 
Further Experiments on the Electrolytic Oxidation 
of Sodium Thiosulphate. 


By 8. Guasstone and A. HicKkiine. 


In Part I (this vol., p. 2345) the electrolytic oxidation of sodium 
thiosulphate at a smooth platinum electrode was described, and a 
mechanism involving the primary formation at the anode of hydro- 
gen peroxide as the effective oxidising agent was proposed. In the 
ordinary oxidation of thiosulphate by hydrogen peroxide, two 
alternative reactions, one leading to the formation of tetrathionate 
and the other to sulphate, are possible ; normally the former reaction 
is favoured, but Abel and Baum (Monatsh., 1913, 34, 425) found 
that in dilute acetic acid solution small quantities of molybdic acid 
markedly increased the proportion of sulphate formed. This fact 
appears to provide a specific test for the truth of the hydrogen 
peroxide theory of electrolytic oxidation. Experiments have now 
been made on the influence of small quantities of ammonium 
molybdate on the products of the anodic oxidation of thiosulphate in 
acid (p, 5) solution; although the results were at first negative, the 
conditions were eventually discovered under which 34% of the 
thiosulphate was oxidised to sulphate in the presence of molybdate, 
whereas only 1% was so oxidised in its absence. The theory 
proposed appears thus to be strikingly confirmed. 

The oxidation of thiosulphate has also been studied at a stationary 
smooth platinum electrode, and at rotating electrodes of platinised 
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platinum, nickel, gold, and carbon. The results are definitely 
opposed to the conversion of thiosulphate into tetrathionate being 
a direct electrical process, but are in harmony with the view that a 
secondary chemical reaction occurs in which hydrogen peroxide is 
the oxidising agent. 

EXPERIMENTAL. 


The exptl. method was identical with that described in Part I (loc. cit.) ; ‘the 
platinised Pt, Au, and Ni electrodes were made by the electrodeposition of the 
appropriate metal on a Pt base, which was almost identical in size and con- 
struction with the smooth Pt anode used in the experiments described in Part I 
and in portions of the present work. The C anode consisted of a rectangular 
plate of gas C having an apparent area of 15sq.cm. Unless otherwise stated, 
the electrodes were rotated at a speed of approx. 550 r.p.m. 

Influence of Molybdic Acid.—A 0-025M-Na,§8,0, solution in py 5 acetate 
buffer was made 0-01M with respect to (NH,),MoO, and electrolysed with the 
smooth Pt anode at various currents from 0-05 to 0-001 amp. No appreciable 
increase in the amount of SO,” above the normal value could be detected. 
Examination of the observations of Abel and Baum (loc. cit.) accounts for this 
negative result. The velocity of the reaction between H,O, and 8,0,” which 
leads to 8,0,” formation is directly dependent on the H,O, concn., whereas 
the rate of that resulting in SO,” in the presence of molybdic acid is inde- 
pendent of this conen. Abel and Baum worked with dil. solutions of H,O,, 
but at an anode the H,O, will probably be formed in a layer of high local 
conen., and under these conditions tetrathionate formation may become much 
faster than the alternative sulphate reaction even in the presence of large 
amounts of molybdate. In order to make appreciable, therefore, the relative 
inerease in the yield of sulphate, it is necessary to choose the conditions so that 
the concn. of H,O, at the anode is greatly diminished; this can most readily 
be attained by the addition of a catalyst for the decomp. of H,0,. Bredig and 
Miller von Berneck (Z. physikal. Chem., 1899, 31, 277) observed that the 
catalytic activity of MnSO, for the decomp. of H,O, was decreased in acid 
solution, although it is still an effective catalyst (Tatu, Tiba, 1931, 9, 473; 
see A., 1932, 128), and it has been found in the present work that in the anodic 
oxidation of 0-025M-Na,S,0, in an acetate buffer of p, 5, the addition of 
0-001M-MnSO, reduces the oxidation efficiency from 90% to about 50%, 
This solution (0-025M-Na,S,0,, 0-001M-MnSO,, py 5) was used to determine 
the influence of the addition of molybdate. In order to make the results of 
the experiments comparable, sufficient electricity was passed through the 
solutions to ensure almost complete oxidation of the thiosulphate in each case, 
allowance being made for the low yields due to catalytic decomp. of the H,O, 
and to the formation of SO,” ; with a current of 0-05 amp. the following results 
were obtained : 


Influence of Molybdate on the Oxidation of 0-025M-Na,8,0, in the Presence of 


MnSO, at Par 5. 
8,0,” oxidised, 8,0,” converted 8,0,” converted into 
%.- into 8,0,",%. SO,”, % (by diff.). 
Without molyb- Yo 196", % 4 @ (by ) 
AT tele cenieie 95 94 1 


With 0-01M- 


(NH,),MoO, ... 95 61 34 
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The relative amounts of SO,” formed were approx. checked by pptn. as BaSO, 
The results confirm the view that H,O, is the effective agent in the anodic 
oxidation of Na,S,O . 

Stationary Platinum Electrode.—A 0-025M-Na,S,0, solution in phosphate 
buffer of py 7 was electrolysed with a current of 0-01 amp., the Pt electrode 
being rotated in the normal manner; the expt. was then repeated with the 
electrode stationary. The results are given below: Q, (see Part I, p. 2348) 
refers to the number of coulombs passed before the sudden increase of potential 


occurred. 
8,0,” oxidised, 58,0,’ converted 


Q». %,. into S oe A. ~ 
Rotating anode ............ 100 90 
Stationary anode ......... 21 53 0 


If the electrode reaction involved the direct electrical discharge of 8,0,” ions, 
almost identical values would have been anticipated for stationary and rotating 
electrodes, since the only factor likely to affect the results is diffusion, and the 
current used was much below that at which diffusion effects become appreci- 
able. On the basis of the H,O, theory, however, it may be supposed that ata 
stationary electrode there will be a higher local concn. of H,O, than at a rotat- 
ing one; the rate of spontaneous decomp. will therefore be greater and con- 
sequently the oxidation yields will be lower and polarisation, as indicated by 
the low value of Q,, more rapid. This is in agreement with the actual 
observations. 

Platinised Platinum Hlectrode.—Prior to use, the anode was cleaned, but not 
heated, and its O content controlled in the usual manner (Part I, p. 2347), 
The results obtained under various conditions for the passage through 0-025M- 
Na,S,0, of the quantity of electricity (at 0-05 amp.) required theoretically to 
bring about complete oxidation (241 coulombs) are given in Table I (cols. a). 


TasieE I, 


Current Efficiency for the Oxidation of 0-025M-Na,8,0, at (a) Platinised Platinum 
and (b) Gold Anodes. 
_ 5,0,” converted into 
8,0,” oxidised, %. 8,0,”, %: 
(a) (5) (a) (6) 


eB wiscdial. 22 nok cae ee 22 89 18 
BD iehislciec dibs: ales Heat ck 93 71 91 65 
ROPERS NT 51 47 42 

{+Hg(CN),0-001M ...... 84 ame 76 me 

pu 74 +MnSO, 0-001” _....... 51 0 46 0 

\4c080, 0-001M ...... 61 30 56 28 


The effects of the py of the electrolyte on the current efficiency and on the 
formation of tetrathionate are similar to those with a smooth Pt anode, except 
that the effect of alkalinity in reducing the yield is here more marked; the 
slight decrease in the weakly acid solution does not appear to have any special 
significance. The addition of Hg(CN), produces a small but definite diminu- 
tion in the current efficiency, whereas at a smooth Pt anode no such decrease 
was observed. In the presence of platinised Pt as catalyst, O gas is able to 
oxidise 8,0,” slowly to 8,0,”, and part of the normal yield in the electrolytic 
oxidation at an anode of this material is probably due to free O resulting from 
the decomp. of H,O,; Hg(CN), appears to be able to poison the Pt for the 
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oxidation with O and so reduces the anodic oxidation efficiency. The results 
in the presence of Hg(CN), may thus be regarded as the true electrolytic oxid- 
ation efficiency at a platinised Pt electrode. 

The results with catalysts for H,O, decomp. are as expected; the decreased 
effects, as compared with smooth Pt, are due to (1) the greatly increased area 
of the anode and the consequent lower superficial concn. of catalyst, and 
(2) oxidation brought about by the liberated O gas. It is noteworthy that 
MnSO, does not inhibit the oxidation of 8,0,” by gaseous O in the presence of 
platinised Pt; experiments made in the course of the present work indicate, in 
fact, that it may to some extent promote the reaction. 

The potential-time curves for 3 expts., at p, 7, are shown in Fig. 1. The 
increased area of the anode and the utilisation of the liberated O for oxidation 
tend to delay the rise to the higher potential stage; the addition of Hg(CN), 
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or of MnSO, results in an earlier increase of potential, the former by poisoning 
the electrode for a particular type of O adsorption, and the latter by increasing 
the rate of O accumulation. 

Gold Electrode.—Before use in electrolysis, the electrode was treated in the 
usual manner except that it was not heated to redness. The results obtained 
after the passage of 241 coulombs of electricity at 0-05 amp. through 0-025M- 
Na,8,0, are in Table I (cols. 6); the figures are not as reproducible as those 
obtained with the Pt electrode, probably on account of the slight tendency to 
dissolution shown by a Au anode in 8,0,” solution. The results, apart from 
those for the Py 5 solution, are in excellent agreement with the theory of 
electrolytic oxidation of 8,0,” by H,0,. The current efficiency in the 
slightly acid solution is, however, unexpectedly low and requires explana- 
tion. It was noted that during the course of the electrolysis the anode was 
attacked, particularly in the more acid solution, and Au was detected in 
the electrolyte; it appeared possible that the low oxidation efficiency at 
Py 5 might be accounted for by an inhibiting effect of the dissolved Au on 
the oxidation of 8,0,”’, the mechanism probably being the catalytic de- 
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comp. of the H,O,. This possibility was tested as follows: quantities of 
Na,Au(8,0,),,2H,0, sufficient in amount to make the solutions approx. 
0-005M with respect to Au, were dissolved in 0-025M-Na,S8,O, in py 5 and 
Py 7 buffers; the total 8,0,” in each solution was then estimated and found 
to be 0-037M. These solutions were electrolysed at 0-05 amp., a smooth Pt 
anode being used, and analysed after the passage of the theor. quantity of 
electricity; the results are compared below with those obtained when the Au 
compound was absent. 


Influence of Dissolved Gold on the Current Efficiency for the Oxidation of 8,0,’ 
at a Platinum Anode, 


8,0,” oxidised, %. 





“Without Au. With Au. Decrease. 
i i EE aS 90 65 25 
, he ELE ja ie Aa 85 71 14 


There is little doubt that when Au is dissolved in a 8,0,” solution it is able to 
inhibit to some extent the anodic oxidation, particularly at pg 5. When itis 
remembered that in the course of the dissolution of the Au anode the inhibiting 
agent is formed at the place where it can be most effective, the abnormally low 
oxidation efficiency of 8,0,” with an anode of Au at p, 5 may be readily 
accounted for. 

The potential of the Au anode in the py 7 solution varied in a curious manner 
during the electrolysis; starting at about 1-25 volts (on the H scale) it tended 
first to rise, but after a time fell below its initial value (to 1-21 volts) and then 
commenced to rise steadily during the remainder of the electrolysis, reaching 
1-48 volts at the conclusion. In the py 9 solution and in the presence of cate- 
lysts for the decomp. of H,O,, the rise of potential was continuous from the 
commencement. Two opposing factors appear to be operative at the Au 
anode, viz., the accumulation of O, tending to raise the potential, and the 
dissolution of the surface oxide by 8,0,” solution, tending to delay polarisation; 
the potential of the electrode will rise or fall according as one or the other factor 
predominates. In the py 5 solution of 8,0,” a regular periodic fluctuation of 
potential was observed during electrolysis with an electrode which had been 
cleaned with HCl before use. 

Nickel and Gas-carbon Electrodes.—The Ni anode was cleaned with dil. HCl 
and its O content controlled in the usual manner before use. The C anode was 
cleaned with boiling H,O and used directly without further treatment. The 
results of the electrolyses of 0-025M-Na,S,0, at 0-05 amp. are given in Table Il. 


TABLE II. 
Current Efficiencies for the Oxidation of 0-025M-Na,S,0, at (a) Nickel, (b) Carbon 
Anodes. 
8,0,’ converted into 
8,0,” oxidised, %. S,0,”, %: 
(a) (0) (a) (b) 
oy pany tehsil ite 58 78 54 
Os Sedsuneys chages Ueetapareeee versie 67 57 60 51 
FP UR FRR He MRA MT: 38 34 28 26 
De yer Boba cade 0 7 0 6 
PB '\ 1 CoSO, 0-001M 2.0.00 31 36 28 25 


The results for a Ni anode are in agreement with those obtained at Pt and 
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require no comment. The anode potential in the py 7 solution remained 
almost constant at 1-34 volts during the greater part of the electrolysis; in the 
presence of MnSO, and CoSO, the potential was raised. In the py 5 solution, 
and even at py 7 when small currents were used, there were definite indications 
of a lower-potential stage, such as that observed with smooth Pt (see Part I), at 
0-9—1-1 volts, followed by a sudden rise to the higher-potential stage (1°35 
volts). It was not possible, however, to obtain reproducible results, probably 
because of the difficulty of obtaining a const. initial O content of the anode. 

At the C anode the slightly higher efficiencies for the oxidation in the presence 
of MnSO, and CoSO,, as compared with the results for smooth Pt, Au, and Ni 
anodes, may be accounted for by the larger specific area of the electrode and the 
consequent lower superficial concen. of the catalyst for the decomp. of H,Ox. 
The anode potential of the C electrode remained fairly steady at about 1-35 
volts during the course of the oxidation of 8,0,” at py 7. 


Discussion. 


A review of the results obtained in the present work with platinised 
platinum, gold, nickel, and gas-carbon anodes shows that increase of 
py of the electrolyte brings about a decrease in the current efficiency 
for the oxidation of thiosulphate, but at the same time there is an 
increase in the ratio of sulphate to tetrathionate formed. The only 
apparent exception to this generalisation is the low efficiency 
obtained at p, 5 with a gold anode; in this case there is little doubt, 
as shown in the experimental portion, that the gold which is dis- 
solved from the anode inhibits the oxidation of the thiosulphate, 
and so the low yield is readily explained. All the observations on 
the influence of py, as well as those on the effect of the addition of 
manganous or cobaltous sulphate to the electrolyte, are in excellent 
agreement with the theory already proposed (Part I) that hydrogen 
peroxide is the effective agent in the anodic oxidation of thiosulphate. 
The experiments with molybdate appear to supply definite con- 
firmation of this view. 

It should be possible to correlate the oxidation efficiencies at 
various anodes with the catalytic effects of these materials on the 
decomposition of hydrogen peroxide; if the substance is a good 
catalyst for this decomposition, the efficiency of oxidation of thio- 
sulphate should be low. The following values indicate the amounts 
of thiosulphate oxidised in a py 7 solution with a current of 0°05 
amp. :, Pt 85, platinised Pt 84, Au 71, Ni 67, gas C 57%. (The 
figure for platinised Pt is that obtained in the presence of mercuric 
cyanide, see p. 2802). According to the theory proposed, therefore, 
the catalytic effect on the decomposition of hydrogen peroxide 
should increase for the various substances in the order given. It is 
difficult to obtain direct information concerning the catalytic 
influences of these materials under the conditions of the present 
experiments, but some general conclusions may be drawn from the 
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results of other observers. Platinum in a finely divided state is a 
good catalyst for the decomposition of hydrogen peroxide, but it was 
shown by Bredig and Ikeda (Z. physikal. Chem., 1901, 37, 62) that 
its activity is almost completely inhibited by the poisoning effect of 
thiosulphate ions ; further, a similar inhibition appears to be brought 
about by anodic polarisation (Spitalsky and Kagan, Ber., 1926, 59, 
2900). Under the conditions of electrolysis, therefore, platinum 
should be a poor catalyst for the peroxide decomposition, and should 
give a high efficiency for the oxidation of thiosulphate. Platinised 
platinum, with its greater surface, may be expected to be a better 
catalyst and so will give lower yields than smooth platinum ; although 
the observed difference is not marked, it must be remembered that 
the actual current density at the platinised electrode is much less 
than at the smooth anode and low currents tend to give an increased 
oxidation efficiency (Part I, p. 2348). Finely divided gold is a good 
catalyst for the decomposition of hydrogen peroxide and is only 
slightly poisoned by thiosulphate ions (Bredig and Reinders, Z, 
physikal. Chem., 1901, 37, 338); the oxidation efficiency at a gold 
anode might thus be expected to be lower than at platinum. There 
is little definite information available concerning the catalytic 
influences of nickel (or its oxide) and gas carbon; Thénard (“ Traité 
de Chimie,” 1827, Vol. Il, pp. 70, 72, 76) records nickel (and its 
oxide) as being moderate catalysts and charcoal as a good catalyst. 
If these substances are not readily poisoned by thiosulphate, their 
respective effects on its anodic oxidation may be correlated with 
their influence on the decomposition of hydrogen peroxide. 

If the electrolytic oxidation of thiosulphate to tetrathionate 
involved the reversible discharge of 8,0,’ anions the electrode 
potential should be almost independent of the nature of the anode 
material. The fact that the potentials at the gold, nickel, and gas- 
carbon electrodes used in the course of the present work were in the 
vicinity of 1-3—1-4 volts during the major portion of the electrolysis 
might indicate that such a reversible discharge occurs at these anodes; 
it must be remembered, however, that at a platinised platinum 
anode the potential is in the vicinity of 0-5—0-7 volt, whereas at 
smooth platinum oxidation may occur completely at 0-8 volt or at 
1-5 volts according to the current used. There is every reason to 
believe, from the effects of pg, and of catalysts, that the reaction 
mechanism is the same at all the electrodes studied, and so the 
similarity of the anode potentials at gold, nickel, and carbon must 
be regarded as fortuitous. 

SUMMARY. 


1. The yield of sulphate obtained in the electrolytic oxidation of 
thiosulphate ions under suitable conditions may be increased by the 




















at 
of 
ht 


ld 


_ —_——— —— es TS ee Gee & 














NOTES. 2807 


presence of molybdic acid; a similar increase is brought about by 
molybdic acid when thiosulphate is oxidised by hydrogen peroxide. 

2. A study has been made of the oxidation of thiosulphate ions in 
well-buffered solutions at platinised platinum, gold, nickel, and gas- 
carbon anodes. In general, an increase of p, results in a decrease 
of the current efficiency for oxidation, but there is an increase in the 
ratio of sulphate to tetrathionate formed. 

3. The presence of manganous or cobaltous sulphate, which are 
catalysts for the decomposition of hydrogen peroxide, brings about a 
marked reduction of oxidation efficiency at all the electrodes studied. 

4. The results are in harmony with the view that anodic oxidation 
of thiosulphate is a secondary chemical process in which hydrogen 
peroxide is the effective oxidising agent. 


THE UNIvERSITY, SHEFFIELD. [Received, October 13th, 1932.] 





NOTES. 


Preparation of 2-Phenylquinoline from o-Nitrostyryl Phenyl Ketone. By 
R. J. W. Le Févre and J. Pearson. 


Txe following modification of Friedlander’s method (Ber., 1882, 15, 2574) 
is better than that of Débner and Giesecke (Annalen, 1887, 242, 291) for the 
preparation of 2-phenylquinoline (cf. J., 1930, 2238). 

A mixture of o-nitrobenzaldehyde (2 g.) and acetophenone (1-6 g.), cooled 
in H,O, was saturated with dry HCl and left over-night. The brown cryst. 
product was kept molten until free from HCl, then allowed to'solidify, pressed 
on porous tile, and crystallised from aq. EtOH; cream-coloured platelets 
(28 g.) of o-nitrostyryl phenyl ketone were obtained, m. p. 122—123°, in 
agreement with Sorge (Ber., 1902, 35, 1065). 

A solution of this ketone (10 g.) in EtOH (300 c.c.) and cone. HCl (10 c.c.) 
was treated with Fe filings (8 g.) during 15 min., refluxed for 2 hr., filtered, 
and saturated with HCl; the bulk of the EtOH was then evaporated. The 
2-phenylquinoline hydrochloride (10 g.) deposited on cooling crystallised 
from EtOH-conc. HCl in yellow needles, m. p. 163—165°. The crude moist 
hydrochloride was stirred with dil. NH, aq., the residue dissolved in EtOH 
and NH, aq. (5 c.ec.), the solution boiled for } hr. (norit), filtered, partly 
evaporated, and, after addition of warm H,O, allowed to cool; the 2-phenyl- 
quinoline deposited (65% yield; m. p. 78—80°) formed white needles, m. p. 
85—86°, after three crystns. from aq. EtOH (Knorr, Annalen, 1888, 2465, 
379, gives 86°). The picrate had m. p. 191—192°, dichromate, m. p. 145— 
148°, and ferrichloride, m. p. 169—170°. 

Interaction of o-Nitrobenzaldehyde and Acetophenone.—The method by 
which Sorge (loc. cit.) prepared o-nitrostyryl phenyl ketone usually gave in 
our hands mainly indigotin. For instance, a solution of o-nitrobenzaldehyde 
(20 g.) and acetophenone (16 g.) in EtOH (200 c.c.) on treatment with 10% 
NaOH aq. (100 ¢.c.) quickly turned brown with evolution of heat. After 
filtration and several boilings with EtOH a blue powder with a coppery lustre 
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(ca. 4 g.) was obtained which had the characteristic properties of indigotin 
(sublimation; colour of solutions in PhNH,, PhNO,, and conc. H,SO,; re. 
duction by glucose and NaOH; dyeing; microcryst. appearance) (Found; 
N, 9-4, 9-4. Cale.: N, 10-7%). The alc. extracts gave small yields (0Q—] 
g.) of o-nitrostyryl phenyl ketone, m. p. 118—120°. The filtrate from the 
indigotin—nitrochalkone ppt. gave benzoic acid (3-6 g.), m. p. 111—112°, 
mixed m. p. 114—116°. 

m- and p-Nitrobenzaldehyde readily condensed with acetophenone under 
both the alkaline and the acid conditions described above, giving the cor. 
responding nitrochalkones, m. p. 145—146° and 164° respectively.— Univer. 
siry COLLEGE, Lonpon, W.C.1. [Received, September 16th, 1932.) 





The Action of some Metallic Oxides on Benzotrichloride and Benzal Chloride. 
By Wit1i1am Davies and Joun H. Dick. 


A vigorous action occurs when pure ZnO (1 g.-mol.) is gradually added to 
benzotrichloride (1 g.-mol.) at 100°. When the reaction has subsided, the 
product is heated at 100° for 1 hr. and extracted with C,H,, giving a 58% 
yield of benzoyl chloride (b. p. 196—199°). 

Under similar conditions, with the exception that the initial temp. is 120°, 
commercial fused ZnCl, (1 g.-mol.) and benzotrichloride (1 g.-mol.) produce 
a 40% yield of benzoyl chloride. This reaction is due to the actual or potential 
presence of ZnO (owing to the ZnCl, having absorbed H,O), because pure 
dry ZnCl, (prepared from dry HCl and Zn spangles in dry Et,O and then 
strongly heated) does not convert benzotrichloride into benzoyl chloride. 
When to the inactive mixture of this ZnCl, (1 g.-mol.) and benzotrichloride 
(1 g.-mol.) at 120°, H,O (1 g.-mol.) is gradually added, a 16% yield of benzoyl 
chloride is obtained and no benzotrichloride is left. 

This type of replacement of two Cl atoms by the O of oxides has not been 
described in the scientific literature, but is included in D.R.-P. 13127 (1883), 
and related reactions are referred to in U.S.P. 1,557,154 (1926), E.P. 308,231 
(1929), and D.R.-P. 331,696 (1914). 

Cadmium and lead oxides produce some tar and only small amounts of 
benzoyl chloride. Fe,O, reacts vigorously (even at the ordinary temp. when 
the reaction has once started), but the formation of large amounts of HCl 
and tar indicates that probably a Friedel-Crafts reaction takes place with 
the benzoyl chloride initially formed. AIl,O, reacts slightly, producing 4 
small amount of tar, and P,O, does not react at all. 

When benzal chloride is used and the reaction is carried out in the usual 
way with ZnO (at 100°), large quantities of tar and HCl are produced. If, 
however, C,H, is used as a diluent and the ZnO is added at such a rate that 
some oxide is always present, little tar and HCl are formed and when the 
product is decomposed by H,O a 30% yield of benzaldehyde is obtained efter 
distillation. 

A vigorous reaction ensues when ordinary ZnF, (50 g., 1-5 mols.) is added 
to benzotrichloride (64-6 g., 1 mol.) in a Cu flask at 100°, and after 6 hr.’s 
heating at 120° a 65% (27 g.) yield of benzoyl fluoride, b. p. 155—156°, is 
obtained. This reaction is explained by the fact that “ ordinary” ZnFy 
whether made by double decomposition from ZnCl, and sol. fluorides and 
dried for 3 hr. at 180°, or bought from different European firms and similarly 
dried, always contains a large quantity of ZnO. This is shown by the com- 
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pound being yellow when hot and white when cold. Probably the ZnO 
: converts the benzotrichloride into benzoyl chloride, which then reacts with 
1 ZnF,.—THE UNIVERSITY OF MELBOURNE. ([Received, April 25th, 1932.] 





Rhatany Catechin. By M. NreREnstEIN. 


NUMEROUS investigations of rhatany tannin, present in the bark of various 
kinds of “rhatany root’ (Wehmer, ‘“ Die Pflanzenstoffe,” 1911, p. 322), 
since its discovery by Vogel (T'aschenbuch fiir Chemiker, 1820, 1, 73) indicate 
that it is probably a catechu tannin derived from some catechin-like substance. 
This is now confirmed by the identification of d- and dl-gambir-catechin in the 
“rhatany root” from Bolivia (Krameria argentia, Mart.). Rhatany tannin 
is thus probably identical with the catechu tannin present in the cutches 
from the leaves of Uncaria gambir, Roxb., and U. acida, Roxb., which have 
0 been shown to contain these two catechins (Nierenstein and co-workers, J. 
e Amer. Chem. Soc., 1931, 58, 1505). 
%, The finely powdered bark of about 800 g. of “‘ rhatany root,” kindly supplied 
by Dr. F. E. Thomas of La Paz, Bolivia, was mixed with white sand and 
2 extracted with CHCI,, followed by EtOH-free Et,O, and the residue obtained 
e on evaporation of the Et,0 was fractionated from H,O acidified with AcOH, 
il 31 g. of crude dl-gambir-catechin and 1-8 g. of crude d-gambir-catechin being 
7 obtained. Both fractions were acetylated and gave after several crystns. 
n from EtOH and a little acetone the following data : (i) penta-acetyl dl-gambir- 
., catechin, m. p. and mixed m. p. 156° (Found: C, 59-7; H, 5-0%); (ii) penta- 
e acetyl d-gambir-catechin, m. p. and mixed m. p. 137°; [a]j*’ + 37-6° in C,H,Cl, 
| [Found : C, 60-0; H,5-0. Calc. for C,,H,O,(CO-CH,), : C, 60-0; H, 4-8%].— 
Tue University, Bristou. [Received, September 3rd, 1932.] 








) The Oxidation Products of 1 : 2 : 5-Trimethylnaphthalene. By I. M. HemBron 
and D. G. Wrrxrson. 


if We have shown (J., 1930, 2546) that on oxidation of 1: 2: 5-trimethyl- 
m naphthalene with chromic acid both neutral and acid products are formed, 
1 the bulk of the latter being 3-methylacetophenone-2-carboxylic acid, m. p. 
h 126°, the methy] ester of which, prepared via the silver salt, has m. p. 47—48°. 
. Westenberg and Wibaut (Rec. trav. chim., 1931, 50, 108) independently 
studied the oxidation of this hydrocarbon with chromic acid. They also 
il isolated 3-methylacetophenone-2-carboxylic acid (somewhat impure, m. p. 
f, 116°), but in place of the methy] ester, m. p. 47—48°, obtained by esterification 
t with methyl alcohol and hydrogen chloride an ester, m. p. 67—68°. The ' 
. discrepancy in m. p. of the two esters has led us to re-examine the properties 1! 
- of the above-mentioned acid. Both esters have been prepared, but whereas 
the lower-melting isomeride acts as a ketone and readily forms a semicarbazone 
d (Heilbron and Wilkinson, loc. cit.), the higher-melting form fails to react with 
's semicarbazide acetate and is undoubtedly the y-ester (I) (cf. Auwers and 
* Heinze, Ber., 1919, 52, 584). Treatment of either 3-methylacetophenone-2- 
% carboxylic acid or the normal methyl ester with hydroxylamine gives the i 
d oxime anhydride, m. p. 174° (II) (cf. Daube, Ber., 1905, 38, 206), and not the 
y free oxime as suggested by Westenberg and Wibaut (loc. cit.). 
- We reported previously that, by esterification by means of methy] alcohol 
and sulphuric acid of the oily acid residues left after removal of 3-methyl- 
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acetophenone-2-carboxylic acid, two further methyl esters, m. p.’s 71—72° 
and 78—79° respectively, were obtained in small amount. From the formula 
of the former we concluded that it was methyl 4-methylacetophenone-2. 
carboxylate, but this is erroneous, as we now find it is identical with the 
y-ester (I). The higher-melting substance proved to be the ester of 3:4. 
dimethylacetophenone-2-carboxylic acid; it is now obvious from its mode 
of formation that it also must be the ¢-ester, which formulation is supported 
by its inability to form a semicarbazone. 


Me CO Me CO Me-COMe 
4 CX CO> 
e‘OMe Ae Me CO 
(I) (II.) (III.) 


Among the neutral products isolated, mention was previously made of a 
colourless substance, m. p. 70—71°, giving analytical data agreeing with the 
empirical formula (C,H,O),. Owing to the minute amount of material in 
our hands, we were unable to examine the substance in detail, but suggested 
that it might be 5 : 8-diacetoxy-1 : 6-dimethylnaphthalene, C,,H,,0,. Westen- 
berg and Wibaut (loc. cit.) have also isolated this compound, the identity 
of which with our own has been confirmed by mixed m. p. determinations, 
and have proved that it is actually the lactone methyl ketone, C,,H,,0, 
(III). 

~-Ester of 3-Methylacetophenone-2-carborylic Acid.—The acid was prepared 
from the hydrocarbon as previously described (Heilbron and Wilkinson, lo. 
cit.) and converted into the ¥-ester by saturating a solution in MeOH with 
dry HCl and leaving the mixture at room temp. for 15 hr. The crude #- 
ester was precipitated with H,O and crystallised from light petroleum, forming 
colourless prisms, m. p. 71—72°. 

Oxime Anhydride.—A solution of 3-methylacetophenone-2-carboxylic acid 
in EtOH aq. was treated with the requisite amount of free NH,OH and left 
at room temp, for 7 days. The product, which then separated, crystallised 
from EtOH in needles, m. p. 174°. The oxime anhydride can also be prepared 
directly from the normal methy] ester in the same manner (Found : C, 68°; 
H, 5-3. C,H,O,N requires OC, 68-6; H, 5-1%). 


We thank Dr. L. Westenberg for establishing by means of mixed m. p.' 
the identity of his products and ours.—THE Universiry, LIVERPOOL. 
[Received, September 10th, 1932.] 





Dipole Momenis of Quinoline and isoQuinoline. By R. J. W. Lu Fivae and 
J. W. Smrru. 


Materiale.—The C,H, was that used previously (this vol., p: 2239). “ Pure” 
quinoline (200 c.c.) was fractionated through a column and not more than 
20 c.c. of the middle fraction were used. isoQuinoline, available in 4 solid 
colourless condition, was twice melted and frozen out. 

Measurements.—The dielectric consts. of dil. C,H, solutions of quinoline and 
isoquinoline were measured at 25° by the method described previously (Joc. eit.) 
The densities of the same solutions were determined at the same temp. From 
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these results, the total mol. polarisations of the solutes were calculated in the 
usual manner. The electronic polarisation, Py, of the solute was assumed not 
to differ appreciably from the molecular polarisation calc. for the Na D line 
from the data of Bruhl (Z. physikal. Chem., 1895, 16, 193). 

The significant data are tabulated below, where f represents the mol.- 
fraction, M the mol. wt., ¢ the dielectric const., 9 the density, and P the mol. 
polarisation. The subscripts 1 and 2 refer to the solute and solvent, respec- 
tively. 

Quinoline. isoQuinoline. 
TE “taeososeqoes 0 0:01543 0-02321 0-04678 ; 0-01174 0-02655 0-04335 
M.f,+ Mf, 78 78-787 79-184 80-386 | 78-599 79-354 80-211 
el esweesen ope 2:2725| 2-384 2-438 2-603 2-383 2-525 2-681 


i Rnincnentesil 0-8738 | 0-8782 0-8804 0-8870 | 0-8774 0-8820 0-8871 
Pf, +Pefa(c.c-) 26-585 | 28-32 29-17 31-55 | 28-27 30-32 32-47 








Pyf,(c.c.) ... 26585} 2618 25-97 25-34 | 26-27 25-88 25-43 
Pifi(ce.) «. — | 214 320 621 200 444 7-04 
P,(cc.) ...  — | 1887 1366 1327 | 170-4 1672 1624 


Quinoline. Extrapolated value of P, for inf. diln. = 14l c.c.; Py = 41-87 
ec, (Bruhl, loc. cit.); hence P, + P, = 99 c.c., and w = 2-184 x 107'* e,8.u. 

isoQuinoline. Extrapolated value of P, for inf. diln. = 173-7; Pg = 41:45 
¢.c. (Bruhl, loc. cit.); hence P, + P, = 132-2 c.c., and wp = 2-524 x 10-!* e,s.u. 


Published values (e.s.u. x 10-'*) are: pyridine, 2-11 (Lange, Z. Physik, 
1925, 38, 169); quinoline, 2-25 (Rolinski, Physikal. Z., 1928, 29, 658). Berg- 
mann, Engel, and Meyer (Ber., 1932, 65, 446) record the following values : 
pyridine, 2-21; quinoline, 2-14; isoquinoline, 2-53. 

The slight but definite increase in the moment in passing from quinoline to 
isoquinoline recalls the phenomenon observed among naphthalene derivatives 
and suggests that substitution in isoquinoline should be, as with quinoline, 
independent of the N atom and governed mainly by the 5’: 8-naphthalene 
type of reactivity. 

The fact that the dipole moment of quinoline is a little higher than that of 
pyridine also illustrates the analogy of these heterocyclic compounds with the 
benzene-naphthalene series.—Untverstry CoLLEGE, UnIverstry oF LonpoN. 
(Received, August 22nd, 1932.] 





The Thioper-rhenates. By H. V. A. Briscoz, P. L. Rosiyson, and E. M. 
STropDART. 


PREVIOUSLY (J., 1931, 1439) we stated that thioper-rhenates probably exist in 
the red solution produced when H,S is passed into alk. per-rhenate solution, but 
that no compound could be isolated. Feit (Z. angew. Chem., 1931, 44, 65), 
by precipitating such solutions with TINO,, obtained yellow, cryst. TIReO,S. 
Following as nearly as possible his instructions, however, we were unable to 
obtain any sign of this product (J., 1931, 2976). Dr. Feit then kindly sent us a 
specimen of his product and supplied us with more detailed instructions, as 
follows: “‘ A cold saturated solution of KRe(O, is gassed with H,S for 2 days; 
after standing over-night it is again treated with H,S for a further 2 days, the 
Precipitated rhenium sulphide is filtered off, and 0-1—0-05N-TINO, added; 
the yellow substance is filtered off, and recrystallised from water.” 

From a preparation carried out precisely according to these instructions, we 
obtained a very small quantity of Feit’s compound. It yielded no 8 when 
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shaken with acetone, but on heating was converted into black rhenium sulphide. 
It is thus clear that Feit has obtained definite evidence of the existence of 
thioper-rhenates and we are glad to publish this correction of our former 
statement. A solution of KReO, after treatment with H,S for 2 days gave no 
evidence of the formation of the thio-salt, so that standing and resaturation 
would appear to be an essential part of the process.—UNIvERsITY oF DuR#aM, 
ARMSTRONG COLLEGE, NEWCASTLE-UPON-TYNE. ([Received, October 4th, 1932.] 





Thermionic Potentiometer for the Measurement of py. By A. E. J. Vicksrs, 
J. A. SuepEen, and R. A. BELL. 


In a footnote to a recent paper (this vol., p. 2471) Morton criticises an apparatus 
described by us for the continuous recording of py (J. Soc. Chem. Ind., 1932, 
51, 545, 570) on the ground that it does not give constancy of zero or maintain 
constancy of calibration, and the position of the footnote leads the reader 
to infer incorrectly that our apparatus operates on the principle of the ballistic 
apparatus described by Fox and Groves (ibid., p. 77). 

We have had a number of apparatus of our pattern in operation for long 
periods of time (several months) and have found no alteration either in zero 
or in calibration. Our apparatus operates on well-known principles, worked 
out by Winch (J. Inst. Elec. Engineers, 1930, 68, 533), Willey and Foord 
(Proc. Roy. Soc., 1932, A, 185, 166), Wynn-Williams (Proc. Camb. Phil. Soc., 
1927, 23, 810), Brentano (Phil. Mag., 1929, 7, 685), Meyer, Rosenberg, and 
Tank (Arch. Sci. Phys. Nat., 1920, 5, 260), and Rosenberg (Z. Physik, 1921, 
7, 18). The sensitivity is 0-5 millivolt, a sensitivity superior to that claimed 
by Morton.—[Received, October 8th, 1932.]} 





427. Studies in Dielectric Polarisation. Parts I], 
III, and IV. 


By Eric C. E. Hunter and Jamzs R. Parrtineton. 


Part Il. BENZENE SOLUTIONS OF n-PROPYL MERCAPTAN, 
n-BuTYL MERCAPTAN, THIOPHENOL, AND ACETONITRILE. 


THE dipole moment of ethyl mercaptan (1-39) is greater than that 
of hydrogen sulphide (1-01), while the moment of ethyl alcohol 
(1-70) is smaller than that of water (1-87) (Part I; J., 1931, 2062). 
The present paper describes the dipole moments of two further 
members of the mercaptan series and of thiophenol. The moments 
of ethyl, Jx-propyl, and n-butyl mercaptans (methyl mercaptan is 
a gas, b. p. 6°) are equal within the limits of experimental error, 
thus resembling those of the corresponding alcohols, and thiophenol 
has a moment little different from that of an aliphatic mercaptan, 
thus resembling phenol, the moment of which (1-70) is equal to 
that of the aliphatic alcohols (1-65—1-70). 


Apparatus.—The electrical apparatus used in Part I has been redesigned 
as shown in Fig. 1. The three independent circuits are contained in earthed 
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Cu screens, through the sides of which the battery leads and connexions enter 


- by means of plug and socket connexions. The two oscillators A and B are 
- coupled to the rectifier by means of the “ floating grid”? method of Zahn 
- (Physical Rev., 1924, 24, 300). Other methods of coupling gave less satis- 
» factory zero points on the standard variable condenser (Cg). In the circuit 
‘, adopted, the coupling between the oscillators is very light and free from 


] damping, the coupling with the older apparatus being much tighter. The 
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or, high tension was obtained from a 120-volt accumulator battery, frequently 
nol charged, and low tension from separate 2-volt accumulators. The leads to 
aD, the dielectric cell were about 6 em. long and 4 em. apart. Increasing the 
to length of the leads did not affect the value of the dielectric const. of C,H, 
beyond the exptl. error, which is estimated as 0-1—0-2%. The small cell 

was discarded, all measurements being made with the larger cell. The 
ned methods of measuring the dielectric const., refractivities, and densities are 
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described in Part I, and all determinations, as before, were at 20°. If the 
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shaken with acetone, but on heating was converted into black rhenium sulphide, 
It is thus clear that Feit has obtained definite evidence of the existence of 
thioper-rhenates and we are glad to publish this correction of our former 
statement. A solution of KReO, after treatment with H,S for 2 days gave no 
evidence of the formation of the thio-salt, so that standing and resaturation 
would appear to be an essential part of the process.—UNIvVERSITY OF DuRHaM, 
ARMSTRONG COLLEGE, NEWCASTLE-UPON-TYNE. ([Received, October 4th, 1932.) 





Thermionic Potentiometer for the Measurement of py. By A. E. J. Vicksrs, 
J. A. Suepen, and R. A. BELL. 


In a footnote to a recent paper (this vol., p. 2471) Morton criticises an apparatus 
described by us for the continuous recording of py (J. Soc. Chem. Ind., 1932, 
51, 545, 570) on the ground that it does not give constancy of zero or maintain 
constancy of calibration, and the position of the footnote leads the reader 
to infer incorrectly that our apparatus operates on the principle of the ballistic 
apparatus described by Fox and Groves (ibid., p. 77). 

We have had a number of apparatus of our pattern in operation for long 
periods of time (several months) and have found no alteration either in zero 
or in calibration. Our apparatus operates on well-known principles, worked 
out by Winch (J. Inst. Elec. Engineers, 1930, 68, 533), Willey and Foord 
(Proc. Roy. Soc., 1932, A, 1385, 166), Wynn-Williams (Proc. Camb. Phil. Soc., 
1927, 23, 810), Brentano (Phil. Mag., 1929, 7, 685), Meyer, Rosenberg, and 
Tank (Arch. Sci. Phys. Nat., 1920, 5, 260), and Rosenberg (Z. Physik, 1921, 
7, 18). The sensitivity is 0-5 millivolt, a sensitivity superior to that claimed 
by Morton.—[Received, October 8th, 1932.] 





427. Studies in Dielectric Polarisation. Parts II, 
III, and IV. 


By Eric C. E. Hunter and Jamzs R. Partineton. 


Part Il. BENzENE SOLUTIONS oF n-PROPYL MERCAPTAN, 
n-BuTYL MERCAPTAN, THIOPHENOL, AND ACETONITRILE. 


THE dipole moment of ethyl mercaptan (1-39) is greater than that 
of hydrogen sulphide (1-01), while the moment of ethyl alcohol 
(1-70) is smaller than that of water (1-87) (Part I; J., 1931, 2062). 
The present paper describes the dipole moments of two further 
members of the mercaptan series and of thiophenol. The moments 
of ethyl, n-propyl, and n-butyl mercaptans (methyl mercaptan is 
a gas, b. p. 6°) are equal within the limits of experimental error, 
thus resembling those of the corresponding alcohols, and thiophenol 
has a moment little different from that of an aliphatic mercaptan, 
thus resembling phenol, the moment of which (1-70) is equal to 
that of the aliphatic alcohols (1-65—1-70). 


Apparatus.—The electrical apparatus used in Part I has been redesigned 
as shown in Fig. 1. The three independent circuits are contained in earthed 
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Cu screens, through the sides of which the battery leads and connexions enter 
by means of plug and socket connexions. The two oscillators A and B are 
coupled to the rectifier by means of the “ floating grid”’ method of Zahn 
(Physical Rev., 1924, 24, 300). Other methods of coupling gave less satis- 
factory zero points on the standard variable condenser (Cg). In the circuit 
adopted, the coupling between the oscillators is very light and free from 
damping, the coupling with the older apparatus being much tighter. The 






































high tension was obtained from a 120-volt accumulator battery, frequently 
charged, and low tension from separate 2-volt accumulators. The leads to 
the dielectric cell were about 6 cm. long and 4 cm. apart. Increasing the 
length of the leads did not affect the value of the dielectric const. of C,H, 
beyond the exptl. error, which is estimated as 0-1—0:2%. The small cell 
was discarded, all measurements being made with the larger cell. The 


methods of measuring the dielectric const., refractivities, and densities are 
described in Part I, and all determinations, as before, were at 20°. If the 
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valves had been running for 1 hr. before measurements were begun, the 
frequency remained quite steady, and there was practically no sign of 
creep. 

Preparation of Materials.—n-Propy] and n-butyl merecaptans were purchased 
from Kodak Ltd., thiophenol from Boots Ltd., and acetonitrile from British 
Drug Houses Ltd. The mercaptans were dried over anhyd. Na,SO, and 
fractionated; the acetonitrile was distilled from P,O; five times and 
fractionated. 


B. p. DP. ni * 
n-Propyl mercaptan ............ 63-7° /763 mm. 0-8391 1-4348 
n-Butyl mercaptan ............ 97-2°/758 mm, 0-8397 1-441] 
TREES —oovncccccccsesccvecss 167-4°/759 mm. ' 1-0791 1-5895 
Acetonitrile  ...........sseeeeeees 81-8°/766 mm. 0-7827 1-3420 


Resulis.—The method of calculation employed is described in Part I, the 
mol. polarisation P, being obtained from measurements of dil. C,H, solutions 
of the substances, and the electron polarisation P, from measurements on 
the refractivity and density of the pure compounds. The dipole moment p 
is then given by p = 0-0127 x 10° +/(P, — Py). 7, where T is the abs. 
temp. 





Sie Ie €. Dr. Pi c.c, 
n-Propyl mercaptan, 
1 — 2-275 0-8782 26-50 
0-9800 0-0200 2-318 0-8767 27-16 
09566 0-0434 2-374 0-8757 27°97 
0:9279 0-0721 2-458 0-8742 29-13 
n-Butyl mercaptan. 
1 a= 2-277 0-8785 26-52 
0:9778 0-0222 2-326 0-8771 27-37 
0-9607 0-0393 2-357 0-8757 28-00 
0-9462 0-0538 2-395 0-8754 28-54 
0-9266 0-0734 2-441 0-8744 29-29 
0:9095 0-0905 2-491 0-8729 30-10 
Thiophenol. 
l ” 2-281 0-8788 26-57 
0-9912 0-0088 2-304 0-8805 26-97 
0-9812 0-0188 2-333 0-8832 27°39 
0-9619 0-0381 2-381 0-8877 28-15 
09401 0-0599 2-436 0-8921 28-97 
Acetonitrile. 
1 o— 2-281 08788 26°57 
0-99184 0-00816 2-407 0-8785 28-18 
0-98956 001044 2-434 0-8784 28-59 
0-98437 0-01563 2-514 0-8781 29°59 
0-97418 0-02582 2-665 0-8776 31°35 
0:96546 0-03454 2-838 0-8773 33°24 
Substance. P,, c.c. Pg, c.c. Pz — Pg,c.c. p X 10%, €.8u. 
n-Propyl mercaptan ... 61 23-7 37-3 1-33 
n-Butyl mercaptan ... 65 - 28-4 36-6 1-32 
Thiophenol ............ 72 34:4 37-6 1-33 


Acetonitrile ............ 224 11-0 213-0 3:16 
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Discussion oF RESULTS. 


The results, together with relevant results of other workers 
(all in e.s.u. X 10-78, as throughout), are summarised below. 


xs 1-871 TED sssnages oor’ 110% 0-937 
CH,OH ... 1662 168% 1-654 CH,’SH ...... at 
O,H,OH... 1-712 1-708 1-744 C,H,‘SH...... 1-39 (Part I) 
(,H;OH... 1-662 1-663 C,H,SH...... 1-33 
C.H,OH... 1-662 1-668 C,H,'SH ...... 1-32 
0,H,OH... 1-705 C,H, SH ... 1-33 

CH,ON ... 311% 3-409 CH,°CN ...... 3:16 


1 Jona, Physikal. Z., 1919, 20, 14. 

2 Wolf and Gross, Z. physikal. Chem., 1932, B, 14, 305. 

* Miles, Physical Rev., 1929, 34, 964. 

¢ Stranathan, ibid., 1928, 31, 653. 

5 Williams and Allgeier, J. Amer. Chem. Soc., 1927, 49, 2416. 
6 y, Braunmihl, Physikal. Z., 1927, 28, 141. 

1 Miles and Zahn, Physical Rev., 1928, 32, 497. 

8 Werner, Z. physikal. Chem., 1929, B, 4, 371, 391. 

§ Williams, zbid., 1928, 188, 75. 


It was concluded in Part I that the mercaptans have a V-shaped 
molecule, and, in order to calculate the moment of Et,8 from those 
of hydrogen sulphide and ethyl mercaptan, it was assumed, on 
the basis of calculation of Hund (Physikal. Z., 1925, 31, 81), that 
the valency angle of H,S was 62°. Dadieu and Kohlrausch 
(Physikal. Z., 1932, 33, 168) have, since Part I was published, 
calculated the valency angle to be 90°, from the moments of inertia 
as determined from the Raman spectrum, and this value, which 
appears to us more probable than that of Hund, is adopted in the 
present communication. 

The dipoles m,, mg, of a V-shaped molecule may affect each other 
by mutual induction on account of lack of molecular rigidity, since 
each group is subjected to the electric field of the other. This 
action will set up induced moments in each group so as to lessen 
the resultant dipole (Smallwood and Herzfeld, J. Amer. Chem. Soc., 
1930, 52, 1919). In addition to the deformation of the polar group, 
there will also be induction of moments by each dipole along each 
hydrocarbon chain, but the effect so produced by each dipole will 
be much reduced by the field of the other. If the two permanent 
moments are perpendicular they will not interact, and each dipole 
will produce the maximum possible induction. If we assume that 
the valency angle of 90° for hydrogen sulphide is preserved in the 
simple mercaptans and sulphides, and that the group moment C-S 
in the mercaptan is the same, 0-66, as that of H-S in H,S (which will 
probably not be far wrong, since the carbon atom contains a shell 
of fully shared electrons), the values of » calculated for CH,’SH 
and (CH;),S by a method closely similar to that used by Smallwood 
and Herzfeld (loc. cit.) are 1-45 and 1-84, respectively. The value 
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for CH,’SH is not known, but that for (CH,),8 is distinctly lower than 
the calculated value, viz., 1-40 (see Part III). We must, it seems, 
conclude that, in addition to the induction effects which are allowed 
for in the calculation, there may be some distortion of the valency 
bonds caused by the field of the C-S dipole. 

The group moments H-S, CH,S-, and C,H;S— calculated from 
the experimental moments of the three sulphides, viz., 0-93, 1-40, 
and 1-57 respectively, the valency angle being taken as 90° as 
before, are: H-S = 0-66, CH,S- = 0-99, C,H,S— = 1-11, and the 
moments of methyl and ethyl mercaptans can be obtained by 
combining the group moment of HS with those of CH,S, and C,H,S, 
respectively, to give » CH,SH = 1-2, and » C,H,SH = 1-3. The 
group moments so calculated include the effects of induction, 
since they are derived from experimental values. The calculated 
moment of methyl mercaptan lies between those of hydrogen 
sulphide and ethyl mercaptan. The moments of the aliphatic 
alcohols are approximately constant and lower than that of water. 
This difference between the mercaptans and alcohols is probably 
due to the difference in the deformabilities of the sulphur (« = 
3-66 x 10-*4 c.c.) and the oxygen atom (« = 1-27 x 10-4 c.c.), as 
calculated from the octet refraction (Smyth, “‘ Dielectric Constant 
and Molecular Structure,” 1931, p. 151). Debye (‘‘ Polar Mole- 
cules,” 1929, Chap. iv) calculates from the moments of inertia that 
the valency angle of water may be either 60° or 110°. Either value 
leads to a structure in which the two dipoles would interact. The 
lower values for the alcohols, as compared with water, may thus 
be due to the lowering of the resultant moment, owing to inter- 
action of the two dipoles. 

It is of interest to compare these homologous series with the 
normal aliphatic chlorides and nitriles : 

n-Aliphatic chlorides. 

HCl 1:03 Zahn, Physical. Rev., 1924, 24, 300. 

CH,Cl 1-86 Fuchs, Z. Physik, 1930, 68, 824. 

C.H,Cl 2-05 a js e in 

C,H,Cl 1-94 Parts, Z. physikal. Chem., 1931, B, 12, 312. 
C,H,Cl 1-97 Parts, ibid., 1930, B, 7, 327. 

n-Aliphatic nitriles. 


HCN 2-65 Werner, Joc. cit. 
CH,°CN 3-11 ” - 
3-40 Williams, Z. physikal. Chem., 1928, 188, 75. 
C,H;CN 3-34 Werner, loc. cit. 
3-40 Williams, loc. cit. 
C,H;CN 3-46 Werner, loc. cit. 


The increase in moment on passing from methyl to ethyl chloride 
indicates that induction occurs, but the comparison of ethyl and 
n-propyl! chloride is not so satisfactory, since they were measu 
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by different experimenters. The increase in moment on passing 
from hydrogen chloride to methyl chloride has been accounted for 
satisfactorily by Smyth (op. cit., p. 64) by means of a calculation 
similar to the one we have used for methyl mercaptan. In the 
nitrile series, the discrepancy in the values for acetonitrile makes it 
difficult to decide if induction occurs. For this reason we have 
redetermined the moment of acetonitrile, and have obtained 3-16, 
in satisfactory agreement with the value of Werner. Induced 
moments are therefore present in the aliphatic nitriles, which, on 
account of the larger value of the C-CN dipole, extend at least as 
far as the third carbon atom, whereas in the case of the chlorides 
this induction only proceeds as far as the second carbon atom. 
Werner (loc. cit.) has shown that the moments of hydrogen cyanide 
and the nitriles can be represented by the empirical formula : 
ut C,Hon.,; CN =a + 6 + 6/2 + 6/22 + .. + b/2"-1 

in which a is the moment of hydrogen cyanide, b the increment in 
moment on passing from hydrogen cyanide to acetonitrile, and n 
the number of carbon atoms in the molecule. This equation agrees 
with the rapid diminution of the dipole effect on passing along the 
hydrocarbon chain. The uniform changes in dipole moment and 
refraction from hydrogen cyanide through the series of normal 
nitriles, as found by Werner and by Lowry and Henderson (Proc. 
Roy. Soc., 1932, A, 166, 471), show that if any hydrogen isocyanide 
molecules are present in hydrogen cyanide (Usherwood, J., 1922, 
121, 1604), their amount must be negligibly small (cf. Partington and 
Carroll, Phil. Mag., 1925, [vi], 49, 665; Partington, J., 1926, 1559). 

Although alcohols and mercaptans are chemically analogous, the 
important differences in their physical properties indicate that the 
latter are unassociated in the pure state and in benzene solutions, 
while alcohols are associated under these conditions, a result con- 
firmed by the measurements of the dipole moments. 

Although mercaptans, like alcohols, may contain donor and 
acceptor groups, these seem incapable of promoting association or 
solubility in water. This is, at first sight, unexpected, since sulphur 
in sulphides is capable of co-ordination with oxygen to form sulph- 
oxides and sulphones, while the analogous oxygen compounds are 
unknown. The case of hydrogen peroxide, for which Smyth (op. 
cit., p. 86) assumes a semipolar double bond between the oxygen 
atoms on the basis of the high dielectric constant, does not appear 
to be certain, on account of the possible effects of intramolecular 
rotation in the case of formula (I). 

HH 
(L) 0—0”% Ho0—>0. Ut) 
H/ # 
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Spectroscopic and viscosity results indicate that in hydrogen 
halides the proton penetrates somewhat into the electron shell of 
the halogen, and Debye (op. cit., Chap. iv) considers that penetration 
occurs into the oxygen of the water molecule. We should expect 
that ease of penetration would be parallel to the deformability of 
the central atom, and hence the hydrogen in the S-H group would 
be screened more completely than in the O—-H group, and would 
show little tendency to association. 

The relative insolubility of the mercaptans in water, which is 
one aspect of this, may be explained in another way. A factor 
which influences solubility is the relative magnitude of the internal 
pressures of solute and solvent. When the internal pressures of the 
mercaptans and alcohols, calculated by Malisoff, Marks, and Hess 
(Chem. Rev., 1930, 8, 501), are plotted against the numbers of 
carbon atoms in the molecule, it is found that the curve for the 
alcohols lies wholly above that for the mercaptans. The two 
curves, however, rapidly approach as the higher members of the 
series are reached, since the effect of the polar group becomes 
progressively smaller, and the fall in the internal pressures of the 
higher alcohols, in fact, is followed by a decrease in their solubility 
in water. The higher internal pressure of the alcohols, as compared 
with the corresponding mercaptans, is in part due to the larger 
dipole moments of the former. 

In the case of hydrogen compounds the dipole moment is greatest 
for the compound of the first element in a group in the periodic table : 


HF?; HCl 1-03; HBr 0-79; HI 0-38 (Zahn, loc. cit.). 

H,O 1-87; H,S 1-01. 

NH, 1-46—51; PH, 0-54; AsH, 0-13—18 (Watson, Proc. Roy. 
Soc., 1927, A, 117, 43). ; 


Instead of the moment increasing with increase in nuclear separ- 
ation, as the lighter elements are replaced by heavier ones, 4 
decrease is found. This is almost certainly due to the distortion 
of the electron shell of the element by the hydrogen, the deform- 
ability increasing more rapidly than the atomic volume, and s0 
over-compensating the greater nuclear separation. 


SuMMARY. 


The dipole moments of ethyl, n-propyl, and n-butyl mercaptans, 
and of thiophenol, are approximately constant, and larger than 
that of hydrogen sulphide. The moment found for acetonitrile 
is in agreement with that found by Werner and lower than the 
result of Williams. ' 

The chemical and physical properties of the mercaptans and 
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alcohols have been discussed, and an explanation offered for the 
difference in molecular complexity of these compounds. 


Part III. Benzene Sotutions or Meruyt, n-PRoPyL, AND 
n-BUTYL SULPHIDES. 


THE dipole moment of ethyl sulphide is higher than that of ethyl 
mercaptan (Part I, J., 1931, 2062), while that of ethyl ether is 
lower than that of ethyl alcohol. Measurements of the moments 
of other members of the sulphide series have been made, and a 
comparison instituted with the corresponding oxygen compounds. 
The moments of the sulphides are found to be in all cases higher 
than those of the corresponding ethers. The previously known 
values show that this holds also for phenyl ether and phenyl 
sulphide, and anisole and thioanisole, whilst the moments of benzyl 
ether and benzyl sulphide were found by the same experimenter to 
be equal. 

Preparation of Materials.—Methyl, n-propyl, and n-butyl sulphides, 
purchased from Kodak Ltd., were dried over anhyd. Na,SO, and fractionated. 


Compound. B. p. D%". nn” 
Methyl sulphide ...... 38—38-5°/763 mm. 0-8476 1-4356 
n-Propy! sulphide ...... 140-2—140-5°/762 mm. 0-8444 1-4496 
n-Butyl sulphide ...... 188-5—188-9°/762 mm. 0-8450 1-4551 


The method of calculation employed has been described in Part I (loc. cit.) 
and the apparatus used was the same as in Part II. 


Se fe D%. €. » “Pgs occ. 
Methyl Sulphide. 
i. = 0-8790 2-280 26-56 
0-9879 0-0121 0-8786 2-310 26-94 
0-9804 0-0196 0-8784 2-333 27°23 
0-9690 0-0310 0-8780 2-363 27-60 
0-9511 0-0489 0-8770 2-404 28-08 
0-9416 0-0584 0-8766 2-434 28-50 
n-Propyl Sulphide. 
1 — 0-8790 2-280 26-56 
0-9894 0-0106 0-8778 2-313 27-21 
0-9763 0-0237 0-8768 2-350 27-97 
0-9686 0-0314 0-8765 2-378 28-49 
0-9453 0-0547 0-8749 2-454 29-95 
n-Butyl Sulphide. 
1 0 0-8790 2-280 26-56 
0-9870 0-0130 0-8782 2-321 27-48 
0-9835 0-0165 0-8776 2-330 27-71 
0-9704 0-0296 0-8767 2-375 28-70 
0:9650 0-0350 0-8762 2-392 29-10 
09523 0-0477 0-8756 2-429 29-96 
Substance. P;- Px. P, — Pr p X 10%, 
Methyl sulphide ...... 60-5 19-1 41-4 1-40 
si sulphide ...... 88-5 37-6 50-9 1-55 
n-Butyl sulphide ...... 99-0 46-9 52-1 1-57 
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Discussion OF RESULTS. 
The results are here collated with those of other observers : 


Methyl ether ...... 1-323 1-292 Methyl] sulphide... 1-40 
Ethylether ...... 1:10 1-14* Ethyl sulphide ... 1-57 ® 

Propyl ether ...... 1-164 Propy] sulphide 1-55 
Butylether ...... _ Butyl sulphide ... 1-57 

Phenyl ether ...... 1-13 4 Phenyl sulphide... 1-477 1-56 * 
Anisole ............ 1-165 Thioanisole ...... 1-277 

Benzyl ether ...... 1-387 Benzyl] sulphide... 1-387 


Sanger and Steiger, Helv. Phys. Acta, 1929, 2, 136. 

Stuart, Z. Physik, 1928, 51, 490. 

Meyer and Buchner, Physikal. Z., 1932, 33, 390. 

Bergmann and Tschudnowsky, Z. physikal. Chem., 1932, B, 17, 107. 
Hojendahl, Thesis, Copenhagen, 1928. 

Hunter and Partington, J., 1931, 2062. 

Bergmann, Engel, and Sandor, Z. physikal. Chem., 1930, B, 10, 397. 
De Vries and Rodebush, J. Amer. Chem. Soc., 1931, 58, 2888 


eonvnensrt &©w » 


The moments of the ethers are seen to be lower than those of 
the corresponding alcohols, while the reverse is true for the mer- 
captans and sulphides. The moments of the ethers decrease 
slightly from the methyl to the ethyl and propyl compounds, 
whilst a corresponding increase in moment is found for the sulphides, 
which is no doubt due to induction along the hydrocarbon chain 
(see Part II). The mixed ether, anisole, shows little difference in 
moment from methyl or phenyl ethers, but the higher moment of 
benzyl ether as compared with phenyl ether is unexpected. With 
the exception of benzyl sulphide, the sulphides have higher moments 
than the corresponding ethers. There are noticeable differences 
between the results for the ethers and sulphides; thus, thioanisole 
has a lower moment than methyl or phenyl sulphide, and.the same 
is true for benzyl sulphide. 

In the ethers and sulphides, the moments of the aliphatic and 
aromatic compounds in each group are nearly the same. This is 
usually found to be the case for molecules with a V-shaped struc- 
ture, since the inclination of the principal] dipole to the hydrocarbon 
chain lessens its electrostatic effect. When the central element is 
directly attached to hydrogen, as in water, hydrogen sulphide, 
alcohols, and mercaptans, the moments decrease on passing from 
oxygen to sulphur, and this effect, which is general with the 
hydrogen compounds of the elements of a group in the periodic 
table, has been discussed in Part II. It is not necessarily found 
when the central element is attached to elements other than 
hydrogen. Thus, for fluorobenzene, the moment 1-39 (Walden and 
Werner, Z. physikal. Chem., 1929, B, 2, 10) is comparable with 
that of iodobenzene, 1-38, and smaller than those of chloro- or 
bromo-benzene, 1-56 and 1-53,- respectively (Tiganik, Z. physikal. 
Chem., 1931, B, 13, 425). The order of the hydrogen halides is 
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HCl 1-03, HBr 0-79, HI 0-38, and by analogy with the results for 
other hydrogen compounds, we may assume that the moment of 
the normal hydrogen fluoride molecule should be greater than that 
of hydrogen chloride. The effect of replacing the hydrogen atom 
by an alkyl or aryl group is clearly seen from the ratios of the 
moments in the accompanying table, in which the ethyl halides 
have been chosen as representative of alkyl compounds, since their 
moments are fairly accurately known. 


x. HX/HCI. C,H;X/C,H,Cl. C,H,;X/C,H,Cl. 
ie sdplatihdloroes 0-77 0-98 0-91 
OAC 0-37 0-88 0-79 


The decrease in moment from RCI to RI is much less rapid than 
for the hydrogen halides, probably owing to the more complex 
structure of the carbon compounds. The resultant dipole is the 
vector sum of (i) the principal dipole C-X, which will not be very 
different from that of H~X (Part II); (ii) the moment which this 
group induces along the hydrocarbon chain; and (iii) the corre- 
sponding moment which (ii) induces in the principal dipole, C-X. 

The third effect may be fairly large. Smyth (‘‘ Dielectric Con- 
stant and Molecular Structure,” 1931, p. 75) found a value of 0-23 
for this effect in the case of methyl chloride, and we have similarly 
caleulated that a moment of 0-19 is induced in the C-S group in 
methyl mercaptan. The magnitude of this effect is mainly deter- 
mined by the principal dipole C-X, and the deformability of this 
group. On passing from a lighter to a heavier element X of the 
same group in the periodic table, the moment of C—X is found to 
decrease, but the deformability of the element increases very 
rapidly and may over-compensate the decrease in the group moment. 
Thus, we see that fluorobenzene has a lower moment. than chloro- 
benzene or bromobenzene, and the difference between the moments 
of the last two compounds is much smaller than that between the 
corresponding hydrogen halides. 

The comparison of the halogen compounds is useful because of 
their simple structures. In the case of the oxygen and sulphur 
compounds, the comparison is less certain because of the effect of 
the inclined structures, but it would appear that, when the central 
element is attached to groups other than hydrogen, the moment of 
the sulphur compound is higher than that of the oxygen compound. 
This effect appears to be quite general and will be discussed in a 
later paper in connexion with the ketone and thioketone groups, 
for which our measurements are already available. 

Bergmann and his collaborators have calculated the valency 
angles of oxygen and sulphur from measurements on para-sub- 
stituted phenyl ethers and phenyl sulphides. The angle, ¢, which the 
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resultant dipole of an inclined group makes with the produced axis 
of the benzene ring is given by cos ¢ = (m,” + m,? — u*)/2mym,; 
where m, and m, are the group moments of the substituents, and 
the experimentally observed moment of the disubstituted molecule. 
Bergmann and Tschudnowsky (loc. cit., p. 108) find the following 
angular values for p-substituted anisoles and diphenyl ethers : 


Compound. ¢. 0. Compound. ¢. 6. 
p-F anisole ......... 78° 156° p-NO, diphenyl] ether |)|ChU 
p-Cl anisole ......... 73 146 p-Br diphenyl ether... 97 166 
p-Br anisole ......... 67 134 p-CH, diphenylether 108 144 
p-I anisole ......... 66 132 
p-NO, anisole ...... 67 134 
p-CH, anisole ...... 78 156 


The angle ¢ is that made by the resultant moment of the C-O-€ 
group with the bond joining the O-phenyl groups. If we assume 
that the resultant is symmetrical with respect to the C-O-C bonds, 
we find the angle between the bonds, 6, also given in the table. 
Bergmann and Tschudnowsky thence conclude that the angle made 
by the resultant moment of the inclined group is dependent on the 
other substituent in the para-position. It would appear from the 
above results that the valency angle, 0, of oxygen in the substituted 
anisoles is smaller than in the substituted diphenyl ethers, yet the 
moments of the two series are very nearly the same. If the valency 
angle is greater in the diphenyl ethers, this must be compensated 
by a greater group moment C-O. In the case of the sulphides, 
Bergmann, Engel, and Sandor (loc. cit.) calculate a valency angle of 
142° for phenyl sulphide, obtained from measurements on p-chloro- 
diphenyl sulphide (uy = 1-76). In Part II it was shown that the 
moments of the mercaptans and the aliphatic sulphides are given 
in a semi-quantitative form, by assuming thé valency angle of 
sulphur to be the same as in hydrogen sulphide, viz., 90°. An 
analogous calculation for p-chlorodiphenyl sulphide, with the 
valency angle 90°, gives a moment of 1-1, and we conclude that the 
valency angle of sulphur in this compound differs from 90°. 

Bergmann and Tschudnowsky found for the moment of pp’-di- 
chlorodiphenyl sulphide a value of » = 0:89. They calculated 
this moment to be 2-65 by using the data from the results for 
p-chlorodiphenyl sulphide. We have recalculated this moment in 
the following way. The group moment Ph-S, calculated from the 
moment of Ph,S (u = 1-47) and the valency angle of 142°, is p= 
(1-47 x 10-18)/2 cos 71° = 2-24 x 10-48. The moment of C-Cl can 


+> 


be taken as that of PhCl, 1-56. The moment of the sa 


group is then (2-24 — 1-56) = 0-68. Since the moments oppose, 
the resultant moment for pp'-dichlorodiphenyl sulphide is thus 0-44, 
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Dr. Bergmann, whom we have informed of the results of this 
calculation, is in agreement with the new value. In spite of the 
recalculation, the agreement between the observed and experimental 
values, although much improved, is seen to be far from good. 

The moment of diphenyl disulphide has been found to be 1-81, 
and that of pp’-dinitrodiphenyl disulphide, 3-56 (Bergmann and 
Tschudnowsky, Joc. cit.). The S-S bond is capable of free rotation, 
and thus the moment should vary with temperature, since at 
higher temperatures, the rotational energy of the PhS~ groups will 
increase and tend to lessen the effect of the electrostatic forces 
between these groups (Williams, Z. physikal. Chem., 1928, A, 138, 
75; Meyer, ibid., 1930, B, 8, 27; Smyth, Dornte, and Wilson, J. 
Amer. Chem. Soc., 1931, 53, 4242; Smyth and Walls, ibid., 1932, 
54, 2261). 

When the two group moments are so far separated that the 
rotation can be considered to be free, the moment will be independent 
of temperature, and the equation of Williams will apply. Since 
the radius of the sulphur atom is 1 A.U. the separation of the 
group moments is only 2 A.U., so that the electrical forces of the 
group will cause a hindrance to the motions of the groups. The 
calculation will, however, set an upper limit to the resultant 
moment. The group moment Ph-S is resolved along and per- 
pendicular to the direction S-S and the perpendicular component 
gives rise to a resultant moment. In this resolution of the group 
moment the valency angle of the sulphur atom must be known. 
Two calculations have been made for the PhS- group moment 
from the moment of phenyl sulphide, by taking the valency angle 
either (1) 142°, or (2) 90°. The moment PhS- corresponding to 
these values becomes (1) 2-24, and (2) 1-04. The components 
resolved at right angles to the S-S bond are then (1) 2-24 sin 38°, 
and (2) 1-04. If all positions of the rotating dipole are equally 
probable, free rotation will give rise to a moment » = m2 where 
m is the resolved moment perpendicular to the axis of rotation. For 
cases (1) and (2), u = 1-95 and 1-47 respectively. In a similar way, 
for pp'-dinitrodiphenyl sulphide, the group moment S-C,H,-NO, 
is found on supposition (1) to be 3-98 (moment of nitrobenzene) 
— 2-24 (PhS-); and for (2) 3-98 — 1-04, viz., (1) 1-52 and (2) 4-16. 
Comparison with experiment indicates that neither value is satis- 
factory, since supposition (1) gives an upper limit of u for pp’-di- 
nitrodiphenyl disulphide which is only about 30% of the experi- 
mental moment. The latter, however, can only in the ideal 
uncoupled state be as large as the theoretical value so calculated, 
and can never be greater. Supposition (2) leads to more probable 
results in the case of pp’-dinitrodipheny] disulphide, but for diphenyl] 
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disulphide the experimental moment is again greater than the 
calculated upper limit. Although the calculations show that the 
moments of the disulphides can be qualitatively explained on the 
assumption of partially free rotation of the group moments, they 
do not give any definite information as to the values of the valency 
angles, but seem to lead to the result that in aromatic sulphur 
compounds both the valency angles and the group moments are 
larger than in the aliphatic compounds. There is, however, a 
serious objection to this conclusion. The valency angle in ethylene 
oxide must be about 60°, and that in tetrahydrofuran about 110°. 
Their moments are 1-88 (Stuart, loc. cit.) and 1-81 (Smyth, op. cit., 
p. 202), respectively. It would not be expected that the moments 
of these cyclic ethers should remain so nearly equal whilst the 
valency angle of the oxygen atom has altered by such a large 
amount. 

The effect of unsaturated cyclic systems on the moments of 
ethers and sulphides was commented upon in Part I. Since then 
more data have become available, which show that in the case of a 
five-membered ring, the moment is decreased, whilst in a six- 
membered ring there is an increase of moment, as compared with 
the open-chain compounds. 

The higher deformability of a double bond allows polar influences 
to be transmitted through the hydrocarbon residue, and so modifies 
the resultant moment. In the case of heterocyclic ethers and 
sulphides, a shift of negative charge from the 2 : 2’-positions tends 
to neutralise the charges on the 1: 1’-carbon atoms, and so com- 
pensates the charges conferred on these due to the polar bond. In 
the derivatives of pyridine, the effect of the unsaturated ring 
system is modified by the presence of the CN group, and a formal 
comparison can be made between these compounds and benzo- 
phenoneanil, in which there is a tertiary nitrogen doubly bound to 
carbon. In these heterocyclic compounds, substitution of hydrogen 
has only a small influence on the resultant moment, and we have 
found in work not yet published that this is true for the y-pyrones. 


SuMMARY. 


There is an increase in dipole moment from methy] to ethyl 
sulphide, the moments of the higher sulphides remaining constant. 
A comparison of the ethers and* sulphides seems to indicate that 
the valency angles of oxygen and sulphur in these compounds are 
different for the aliphatic and for the aromatic compounds, 
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Part [V. BENZENE SotutTions oF METHYL AND Etuyt TuHIo- 
CYANATES AND METHYL, ETHYL, AND ALLYL isoOTHIOCYANATES. 


PerscHKE (Ber., 1929, 62, 3054), from an examination of the para- 
chors of a series of thiocyanates and isothiocyanates, concludes that 
these compounds can be represented by formule (I) and (II), 
respectively. Since the triple bond in (I) has the same parachor 


R—S—C=N R—N=C=s R—N=C>8 

(I.) (II.) (III.) 
equivalent as the two double bonds in (II), the calculated group 
parachors are equal. A comparison of the dipole moments of the 
aromatic thiocyanates and isothiocyanates has been made by Berg- 
mann, Engel, and Sandor (Z, physikal. Chem., 1930, B, 10, 397) and 
Bergmann and Tschudnowsky (ibid., 1932, B, 17, 100), but no data 
are available for the aliphatic derivatives. In the present com- 
munication the dipole moments of a series of aliphatic thiocyanates 
and isothiocyanates are reported. The method of calculation and 
the apparatus have previously been described (Part II). 


Preparations of Materials.—Allyl isothiocyanate was from British Drug 
Houses Ltd., the other compounds from Kodak Ltd. With the exception of 
methyl isothiocyanate, which is cryst. (m. p. 33—34°), the compounds were 
dried with anhyd. Na,SO, and fractionated (cf. Nasini and Scala, Gazzetta, 


1887, 17, 67). 
B. p. De. np 
Methyl thiocyanate ...... 130-2—130-4°/757 mm. 1-0750 1-4697 
Ethyl thiocyanate ...... 146-0—146-5°/762 mm. 1-0106 1-464] 
Ethyl isothiocyanate ... 131-0—131+2°/756 mm. 0-9990 1-5130 
Allyl isothiocyanate ...... 150-5—150-9°/764 mm. 1-0152 1-5257 
Si Se. D?. €. Py, C.c. 
Methyl isothiocyanate. 
1 — 0-8789 2-280 26°56 
0-99113 0-00887 0-8804 2-415 28-40 
0-98433 0-01567 0-8815 2-527. 29-85 
0-97534 0-02466 0-8827 2-664 31-68 
0-96833 0-03167 0-8839 2-808 33-14 
0-96180 0-03820 0-8849 2-925 34:40 
Ethyl isothiocyanate. 
1 — 0-8789 2-280 26-56 
0-98697 0-01393 0-8807 2-512 29-75 
0-96980 0-03020 0-8828 2-816 33-38 
0-95314 0-04686 0-8847 3-149 37-02 
Allyl isothiocyanate. 
j — 0-8785 2-281 26°58 
0-98952 0-01048 0-8803 2-447 28-93 
0-98375 0-01625 0-8813 2-539 30-16 
0-97805 0-02195 0-8820 2-626 31-29 
0-97654 0-02346 0-8823 2-662 31-74 





696823 0-03177 0-8830 2-797 33-40 
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Sy Se Dz. €. Pin c.c 
Methyl thiocyanate. 
] —- 0-8789 2-280 26-56 
0-98528 0-01472 0-8811 2-557 30-23 
0-98047 0-01953 0-8816 2-663 31-41 
0-96816 0-03184 0-8838 2-906 34-24 
0-95822 0-04178 0-8851 3-112 36-40 
Ethyl thiocyanate. 
l ~- 0-8789 2-280 26-56 
0-98766 0-01234 0-8800 2-524 29-89 
0-98311 0-01689 0-8810 2-623 31-17 
0-97531 0-02469 0-8819 2-790 33-17 
096564 0-03436 0-8833 3-015 35-65 
Substance. P. Pe. P, — Px. pe X 10%, 
we 5 thiocyanate ... 287 19 268 3-56 
Ethyl! thioeyanate ... 305 24 281 3°64 
eeror isothiocyanate 236 21 215 3-18 
Ethyl isothiocyanate 257 26 231 3-31 
Allyl isothiocyanate ... 260 30 230 3°30 


Discussion OF RESULTS. 


The foregoing results are discussed in relation to the following 
data for the aromatic compounds : 


Phenyl] thiocyanate ............ 3-591 Phenyl isothiocyanate ............ 3-00? 
p-Chlorophenyl thiocyanate 2-931 -Chlorophenyl isothiocyanate 1:55 
Phenyl isocyanate ............ 2-34% p-Bromopheny] isothiocyanate 1-54 

p-Tolyl isothiocyanate ............ 3-328 


1 Bergmann, Engel, and Sandor, Z. physikal. Chem., 1930, B, 10, 397. 
* Bergmann and Tschudnowsky, ibid., 1932, B, 17, 100. 
% Eide and Hassel, Tids. Kjemi, 1930, 10, 93. 


The Raman spectrum of allyl isothiocyanate, although difficult 
to interpret, seems to indicate the presence of-a triple bond in the 
isothiocyanate group (Dadieu and Kohlrausch, Ber., 1930, 63, 268). 
Since parachor measurements appear to exclude ring structures, 
such as that proposed by Dadieu and Kohlrausch, the alternative 
to formula (II) is (III), proposed by Bergmann and Tschudnowsky, 
which involves electron transference from nitrogen to sulphur. The 
distance between the centres of these atoms is about 3 A.U., and the 
moment due to electron transference should therefore be about 
3 x 10% x 4:77 x 10° = 14-4 x 10°. The measured moment 
is less than one-third of this, and the formula involving semipolar 
bonds therefore seems unlikely. The stereochemistry of formule 
(I) and (II) indicates that the thiocyanate and the isothiocyanate 
group should have V-shaped structures, due in the first case to the 
sulphur, which has this structure in the sulphides, and in the second 
case to the doubly bound nitrogen. The moments (p» x 10") of 
para-substituted phenyl isothiocyanates, however, agree with those 
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calculated on the assumption that the -NCS group is linear (Berg- 
mann and Tschudnowsky, Joc. cit.) : 


Cale. Exptl. 
p-Tolyl Pe EE ee eee 3-4 3-32 
p-Chlorophenyl isothiocyanate ...........:..seseeseeee 1-44 1-55 
p-Bromophenyl isothiocyanate ..............secesssees 1-51 1-54 


This result is surprising in view of the usual properties of doubly 
pound nitrogen, but could be explained on the assumption of electron 
transference, the triple N=C bond leading to symmetry in the group. 
In support of this structure, it is found that the moments of the 
aliphatic isothiocyanates show an increase from methyl to ethyl and 
differ from that of the phenyl compound (see Part III). Theincrease 
on passing from methyl to ethyl isothiocyanate is almost certainly 
due to chain induction. Since the moment of allyl isothiocyanate is 
the same as that of the ethyl compound, the presence of the double 
bond in the 8-position does not affect the moment. The moment 
of phenyl isothiocyanate is much greater than that of phenyl iso- 
cyanate. This may be due to the C—S group moment being 
greater than that for the C—O group, since the dipole moment of 
thiobenzophenone, which we find to be 3-4 (unpublished), is also 
greater than that of benzophenone, 2-95 (Wolf, Physikal. Z., 1930, 
31, 227). 

The sulphur atom in a thiocyanate can be compared with that in 
a sulphide, its atomic refraction in these compounds (and in disul- 
phides) being almost the same, viz., 7-91, whereas in the isothio- 
cyanate group it is 9-4. The higher value in the latter case indicates 
greater deformation (Price and Twiss, J., 1912, 101, 1259). 

In the thiocyanates, the moments of the p-substituted benzene 
compounds indicate that the group is inclined, and Bergmann, 
Engel, and Sandor, from measurements on p-chlorophenyl thio- 
cyanate, calculate that the resultant moment of the thiocyanate 
group makes an angle of 127° with the benzene ring. It is to be 
noted that both the thio- and the isothio-cyanate group have the 
same sign as that of the C-Cl bond. Wecan account for the structure 
of the thiocyanate group if the moment C-S be taken as 0-66 (Part 


+ 
066 9 = 
+ —7 
C< Sos <so 
Il), and the moment of C=N as that of phenyl cyanide, 3-90. The 


resultant, moment of the thiocyanate group is taken to be that of the 
phenyl compound, viz., 3-59, and the angle @ is thus found to be 120°. 


a 
— 156 + — 0°66 120° 
> 


Cl— 














2828 STUDIES IN DIELECTRIC POLARISATION. PARTS II, II, AND Iv, 


The calculated moment of p-chloropheny! thiocyanate is similarly 
found to be 2-9 (2-93 exptl.). The calculation is very approximate, 
since no account is taken of the mutual interaction of the dipoles 
composing the thiocyanate group. It accounts, however, for the 
magnitude of the dipole moment and the stereochemical properties 
of the molecule. In support of the conclusions that the thiocyanate 
group is inclined, is the fact that the moments of the alkyl deriv. 
atives are almost the same as that of the phenyl compound (see 
Part IT), 

The resultant moment of the isothiocyanate group is composed 
of the group moments 

® 6 <9 
C<N—C—S 
e—>o 

The moment C—N can be taken as 0-6, for (CH,),N (Steiger, Helv, 
Phys. Acta, 1930, 3, 161), and we assume that » C—N will be about 
twice u C-N, giving » = 1-2. The moment C—S is taken as that of 
thiobenzophenone (3-4). Thus, if the groups are in the same straight 
line the resultant moment would be about 2-8. Bergmann, Engel, 
and Sandor (Ber., 1930, 63, 2572) found that azobenzene has zero 
moment and p-chloroazobenzene has a moment of 1-55 (cf. PhCl, 
wu = 1-56), which indicates that the two phenyl nuclei in azobenzene 
have an extended structure, and that the valency bonds of doubly 
bound nitrogen in these compounds may not be inclined. If 
nitrogen in the isothiocyanates has this structure, we can account 
for their dipole moments on the basis of an extended N=C=8 
group. Although this result is in conflict with the interpretation of 
the Raman spectrum, which indicates the presence of a triple bond, 
the latter conclusion is far from established. 


SuMMARY. 


There is an increase in moment from methyl isothiocyanate to 
ethyl isothiocyanate, which is probably due to induction along the 
hydrocarbon chain. The moment of allyl isothiocyanate shows little 
difference from that of the ethyl compound, indicating that the 
double bond in the §-position is not influenced by the principal 
dipole. The isothiocyanate group is best represented by a rod-like 
structure. 

Methyl and ethyl thiocyanates have moments nearly equal to 
that of the phenyl compound. The absence of inductive effects in 
this case is no doubt due to the inclination of the polar group te 
the hydrocarbon chain, and this conclusion finds qualitative support 
in the calculated angle of the. sulphur valencies in the thiocyanate 


group. 
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428. The Dissociation Constants of Organic Acids. 
Part VI. Acetic Acid. 


By Grorce H. Jerrery and Arruur I. VoGEL. 


THE only trustworthy measurements of the conductivity of aqueous 
solutions of acetic acid at 25° are those of Kendall (J., 1912, 101, 
1275; Medd. K. Vetenskapsakad. Nobel-Inst., 1913, 2, No. 38), 
made in a glass cell with equilibrium water and covering the range 
0-0005—1N. In view of the effect of the material of the cell on 
the conductivities of aqueous solutions of strong acids (compare 
this vol., p. 400), we have carried out new measurements in a silica 
cell of the Hartley and Barrett type; we also effected dilution, 
not by Ostwald’s method (as used by Kendall), but by that of 
Whetham (Phil. Trans., 1900, 194, 321), in which, to a known 
weight of pure solvent, are added successive portions of a solution 
of the solute from a weight pipette. When the work was completed, 
MacInnes and Shedlovsky (J. Amer. Chem. Soc., 1932, 54, 1429) 
described similar determinations on acetic acid in.a Jena-glass 
cell of special design. The three sets of results are in satisfactory 
agreement, as can be readily seen by drawing the conductivity— 
concentration curve, and hence it appears that for a weak acid 
the material of the cell and the method of dilution have but little 
influence. 

For the calculation of the Ostwald dissociation constant, Kendall 
assumed the conductivity at infinite dilution to be 387-9, this figure 
being based on his own value (J., 1912, 1041, 1275) of the limiting 
mobility of the hydrogen ion and Bredig’s value (Z. physikal. Chem., 
1894, 13, 218) of 40-7 for the acetate ion. We have made new 
determinations of the conductivity over the concentration range 
0-0001—0-01N of both sodium and potassium acetate. These 
results have been corrected for hydrolysis (see p. 2835), and the 
conductivity at infinite dilution computed by Ferguson and 
Vogel’s method (Phil. Mag., 1925, 50, 971). Sodium acetate gives 
Ay = A, + 93-42 09598 — 89-45, whilst potassium acetate gives 
Ag = A, + 150-5 09686 — 113-44, leading to values of 39-7 and 
40-0 respectively for the limiting mobility of the acetate ion; the 
used for the mobilities of the sodium and potassium ions 
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were those previously determined (J., 1931, 1722) with nx for 
potassium chloride = 0-490. This leads to a value for A, of 348-0 + 
39-85 = 387-85, 348-0 being the limiting mobility of the hydrogen 
ion (this vol., p. 400). MacInnes and Shedlovsky (loc. cit.) made 
measurements on sodium acetate in the presence of excess (“ several 
tenths of a per-cent.”’) of acetic acid, claiming that this prevented 
hydrolysis; the results were then corrected for the presence of 
the excess acid. This procedure is clearly unsatisfactory, as shown 
by Fig. 1, in which the results obtained are compared with our 
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Sodium acetate at 25°. 


uncorrected and corrected results. The data of Lorenz and Osswald 
(Z. anorg. Chem., 1920, 114, 209) are also shown. 

The values of the classical dissociation constants are given on 
p. 2837; the figures for MacInnes and Shedlovsky’s results up to 
ca. 0-01N are shown below. Our mean value for K, is 1-813 x 10°, 


eee 0-2801 1-114 1-532 2-184 10-28 13-63 
Be XK IOP cvcece 1-800 1-801 1-797 1-799 1-808 1-813 
CRAG wiki 24-14 34-41 59-12 98-42 128-3 
K, X 10 ...... 1-816 1-819 1-825 1-831 1-829 


It is now generally agreed that figures thus calculated require 
correction for the effects of the interionic attraction, which results 
in the mobilities varying with concentration and hence invalidating 
Arrhenius’s original assumption as to the method of calculation 
of the degree of dissociation «. MacInnes (J. Amer. Chem. So¢., 
1926, 48, 2068; see also Noyes and Sherrill, ibid., 1926, 48, 1861) 
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has suggested that a more nearly correct degree of dissociation 
a’ can be obtained by comparing the measured equivalent con- 
ductivity with that of an equivalent of the ions at the same ton 
concentration, a quantity represented by A,. If independent 
migration of ions is assumed, the conductivity of completely dis- 
sociated acetic acid HOAc corresponding to any particular ion 
concentration c’ can be computed from such relations as the 
following : 


AHOAc = A-HC] — A,KCI1+A,KOAc . .... . (i) 
= A-HC]— A,NaCl+A,NaOAc .... . (2) 
= A,C,H,SO,H — A,C,H,SO,Na + A,NaOAc . (3) 
= A,HIO, — A, KIO, +A,KOAc . . .. . (4) 


A short series of approximations (see p. 2837; also MacInnes, J. 
Amer. Chem. Soc., 1926, 48, 2069; MacInnes and Shedlovsky, 
ibid., 1932, 54, 1434 ; compare Banks, J., 1931, 3341) is necessary 
for the calculation of the ionic concentration c’. We have tested 
the validity of the assumption by applying expressions (1)—(4) 
to run 3, and expressions (1) and (2) to all the runs, and find that 
it holds satisfactorily (see Experimental); the conductivity values 
employed were those previously determined (Jeffery and Vogel, J., 
1931, 1715; this vol., p. 400). MacInnes and Shedlovsky tacitly 
assume the validity cf expression (2) in computing their results. 

The thermodynamic or true dissociation constant has been 
computed from the corrected values of the degree of dissociation 
(compare MacInnes, J. Amer. Chem. Soc., 1926, 48, 2068). The 
activity coefficients of the ions ; were assumed to be equal, and 
were calculated from the Debye—Hiickel equation log y; = 0-505 ¢'’°> 
(cf. LaMer and Goldman, J. Amer. Chem. Soc., 1929, 51, 2636; 
Davies, ibid., 1932, 54, 1698); that of the undissociated acid was 
taken as unity. The mean values of the thermodynamic and the 
classical dissociation constant are 1-776 x 10° and 1-813 x 10% 
respectively. The final value for the former differs appreciably 
from that of MacInnes and Shedlovsky (1-753 x 10-5) and is to 
be attributed (1) to the approximate conductivity values for sodium 
acetate used by those authors, and (2) to their different method 
of calculating A, for acetic acid, which they found to be 390-59. 

It is necessary to discuss the claims made by Shedlovsky (J. 
Amer. Chem. Soc., 1932, 54, 1405, 1411) for the new method of 
caleulating Ay and for the new type of conductivity cell, and also 
to reply to his criticism concerning pipette conductivity cells, by 
means of which most of the recent conductivity work in aqueous 
and non-aqueous solutions has been carried out (cf. Kraus and 
Parker, J. Amer. Chem, Soc., 1922, 44, 2449; Parker, ibid., 1923, 
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45, 2033; Hartley and collaborators, Proc. Roy. Soc., 1925—1930, 
J., 1930—1931; Vogel, J., 1929, 1480). Shedlovsky (loc. cit.) 
employs the equation 

_ A, + BC% 
~ 1] — «0% 
where «, 8, and B are constants, for the calculation of the con- 
ductivity at infinite dilution. This is of the familiar square-root 
equation form 


Ao eet ere ae 


Ag mA, + 20%... «so » + 
to which another adjustable constant B has been added. It is 
doubtful whether this new expression, with an additional adjustable 
constant, has any advantage over the square-root formula or the 
‘n” equation of Ferguson and Vogel. Indeed, the square-root 
equation holds accurately for Shedlovsky’s own experimental 
results for potassium, sodium, and hydrogen chlorides at 25° over 
a considerable concentration range, and the use of his expression 
seems quite unnecessary. Further, the values for A, deduced from 
Shedlovsky’s equation for potassium and sodium chlorides at 18° 
have actually been exceeded experimentally by Wieland (J. Amer. 
Chem. Soc., 1918, 40, 146) and by Kohlrausch and Maltby (“ Ges. 
Abh.,” 1911, 2, 886). 

Shedlovsky deduces theoretically that the use of cells with dipping 
electrodes, ¢.g., those described by Kraus and Parker (J. Amer. 
Chem. Soc., 1922, 44, 2429), Parker (ibid., 1923, 45, 1366, 2017), 
and Hartley and Barrett (J., 1913, 103, 786), introduces errors in 
conductivity measurements which tend to produce apparent 
variations in cell constants, and he has designed a cell which is 
claimed to be free from this objection. The new cell appears to 
be less suitable than the Hartley and Barrett tell for the numerous 
runs and routine work which are involved in this series of researches. 
In view of the fact that most of the recent work in aqueous and 
non-aqueous solutions has been carried out in cells with dipping 
electrodes, it is important to consider whether Shedlovsky’s theo- 
retical deduction is supported by experiment. In the first place, 
where data are available for conductivity cells with dipping elec- 
trodes but of different design, such as the Hartley and Barrett 
type and that used by Kraus and Parker (loc. cit.), it is found that 
they give consistent results; ¢.g., the present authors’ measure- 
ments with iodic acid (J., 1931, 1715; this vol., p. 400) agree well 
with those of Kraus and Parker. No good agreement is obtained 
for hydrochloric acid when comparison is made with Parker's 
figures (J. Amer. Chem. Soc., 1923, 45, 2017), but this is attributed 
to his use of phosphoric oxide as a drying agent, for this substance 
enters into the slow reaction 2P,0, + 3HCl = POCI, + 3HPO;. 
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Further, by the determination of the cell constant at 25° in a Hartley 
cell with 0-01.N-potassium chloride by Parker and Parker’s method 
(J. Amer. Chem. Soc., 1924, 46, 312), we have been able to reproduce 
Kohlrausch and Maltby’s results at 18° (op. cit., 1911, 2, 826) for 
potassium chloride, sodium chloride, and potassium iodate over 
the range 0-0001—0-01N (J., 1931, 1715) to within about 1 part 
in 1000; better absolute agreement could not be expected owing 
to the slight difference between Parker and Parker’s and Kohlrausch 
and Maltby’s value for the specific conductivity of 0-01N-potassium 
chloride. Our results clearly indicate (1) that our conductivity 
technique, if Kohlrausch and Maltby’s results be taken as standard, 
is satisfactory, and (2) that there is no apparent variation in cell 
constant over the range 0-0001—0-01N for the above-mentioned 
substances, and hence the conductivity figures may be regarded 
as trustworthy to at least 0-1%. Frazer and Hartley’s method of 
determination of cell constants (Proc. Roy. Soc., 1925, 109, A, 351; 
see also Part IV), in which the specific conductivity of a series of 
solutions of potassium chloride is measured at 18° over the concen- 
tration range in which the cell is to be employed, appears to us to 
be preferable to the single determination by the Parker and 
Parker method, especially in view of the limited concentration 
range of each cell (cf. Washburn, J. Amer. Chem. Soc., 1916, 38, 
2431) and the simultaneous check on fhe constancy of the cell 
constant thus made. Both methods give results agreeing to about 
1 part in 1000, provided all the solutions measured are within the 
concentration range of the cell, as can be seen from Table I, which 
gives typical results for four Hartley cells by both methods. 








TABLE I. 
Cell Constants with Potassium Chloride at 25°. 
Pyrex Cell S. Pyrex Cell V. 
| in coummad ‘ ~ a — 

C x 104. K. C x 10. K 
2-736 0:034263 3-616 0-027835 
9-368 0-034243 9-759 0-027814 

28-64 0-034237 21-39 0-027833 

52-94 0-034252 35-26 0-027840 

Mean 0-034249 75°41 0-027820 
0-01N 0-034210 Mean 0-027828 
0-01N 0-027996 
Silica Cell R. Silica Cell Q. 
———————, a, 
3-763 0-025860 4-364 0-026760 
17°27 0-025852 12-07 0-026750 
29-39 0-025866 24-53 0-026746 
47-40 0-025854 32-92 0-026762 
75-62 0-025876 Mean 0-026758 
Mean 0-025861 0-01N 0-026738 


0-025848 
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We regard our results for potassium and sodium chlorides at 
25°, when referred to Kohlrausch and Maltby’s figures for potassium 
chloride at 18° as standard, as accurate to within 0-1%. Shedlovsky’s 
determinations (loc. cit.) with his new cell differ by nearly 0-5% 
for potassium chloride, exhibit variations above 0-001N which 
may be as high as 0-3% for sodium chloride, and agree reasonably 
well over the range 0-005—0-003N for hydrochloric acid when 
compared with our own results (J., 1931, 1715; this vol., p. 400). 


EXPERIMENTAL. 


Preparation of Materials and Solutions.—Acetic acid. Specimen 1. B.D.H. 
“ A.R.”’ Acid, m. p. 16-00°, was distilled with pure Ac,O and pure CrO, (Orton 
and Bradfield, J., 1927, 984). After rejection of the first fraction (about 10% 
of the whole) a middle fraction boiling constantly at 118°/758 mm. was col- 
lected. Its “ bromine absorption number” (Orton, Edwards, and King, 
J., 1911, 100, 1178) was 0-10 and the Ac,O content 0-004% (Orton and Brad- 
field; loc. cit.). 

Specimen 2. A pre-war sample of Kahlbaum’s 99—100% acid, m. p. 
15-85°, treated as above, gave a fraction with Br absorption number 0-20 
and Aec,O content 0-001%. 

For the actual runs a little of the purified acid was distilled in the all-Pyrex 
still previously described (this vol., p. 509), the first few c.c. of the acid were 
rejected, and then the requisite quantity collected directly in a large silica 
weighing bottle attached to the end of the condenser by a rubber bung carry- 
ing a CaCl, guard tube: the acid was thus weighed directly. Conductivity 
water, of the same sp. conductivity as that employed in the runs, was added, 
and the bottle reweighed. This formed the stock solution. Independent 
stock solutions were prepared for each run. 

Sodium acetate. A weighed quantity of B.D.H. “ A.R.” acid, purified as 
described above, was treated with the cale. quantity of standard “ A.R.” 
NaOH aq., and the liquid evaporated to crystallisation. The product was 
recrystallised from conductivity H,O, dried in an air-oven at 130°, and gently 
fused in Pt [Found: Na (by volumetric method of Dobbins and Byrd, J. 
Amer. Chem. Soc., 1931, 58, 3288), 28-01. Cale. : 28-05%]. 

Potassium acetate. This was similarly prepared [Found: K (as K,S0,), 
39-86. Cale.: 39-82%]. 

Conductivity Cells—Four cells of the Hartley and Barrett type, two of 
silica, R (0-02586,) and Q (002674,), and two of Pyrex, S (0-03422,) and V 
(0-02781,), were employed for the actual runs, and a small Pyrex Kohlrausch 
cell (0-2390) for the measurement of the conductivity of the water. Cell 
constants were determined at frequent intervals by Jeffery and Vogel's 
method (J., 1931, 1719) with KCl at 25° and are shown in parentheses. 

Conductivity Measurements —The technique employed has been described 
in earlier papers of this series. It must be emphasised that the sliding contact 
of the bridge was earthed, as was also a special terminal on the resistance 
box which was thus shielded (cf. Shedlovsky, J. Amer. Chem. Soc., 1932, 54, 
1427). 

Solvent Correction.—No correction was applied for the acid. Calculation 
(see Glasstone, “‘ Electrochemistry of Solution,” 1931, p. 148; Davies, “ The 
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Conductivity of Solutions,” 1930, p. 56) showed that the influence of the 
H,CO, contained in the conductivity H,O was negligible. The sp. con- 
ductivity of the H,O used was subtracted from the total obs. conductivity 
for solutions of the salts. 

Correction for Hydrolysis.—The hydrolysis of the acetate MOAc, where 
M= Na or K, can be represented as MOAc + H,O == HOAc + MOH. 
The degree of hydrolysis, a,, at any mol. concn. c may be computed from 


the approximate relation 
mam V Rel sR. © wine © “at @ 


where K,, is the ionic product of H,O, taken as 9-9 x 10°! (Roberts, J. Amer. 
Chem. Soc., 1930, 52, 3877), and Kyjacg, is the classical dissociation const. of 
AcOH, a preliminary value (1-814 x 10-°) being deduced by calculating the 
limiting mobility of the OAc’ ion from the uncorr. results for the acetates by 
the ‘‘n”’ formula. These were as follows : 


NaOAc: A, = A, + 51-4 09433 = 90-72; OAc’ = 40-9 
KOAc: Ay = A, + 79-9 C0552 = 114-15; OAc’ = 40-7 


A, for AcOH was taken as 348-0 + 40-8 = 388-8. The use of expression 
(7) is justified since the degree of hydrolysis is small. Now c = 1/v where 
v is the dilution; also the sp. conductivity x = A/v = Ac, where «x is the sp. 
conductivity at concn. c. If kop. is the obs. (uncorr.) sp. conductivity of the 
acetate solution at any dilution v, then 


Kops. X 108 = a,cA,MOH + ¢(1 — a,)A,S + ca,A,HOAc . (8) 


(all the terms in this equation are sp. conductivities), where A,S is the mol. 
conductivity of the unhydrolysed salt at the dilution v. One may write 
Kobs, X 108/c = A’,S, where A’,S is the obs. mol. conductivity of the hydrolysed 
salt at the dilution v. Owing to the production of alkali hydroxide, 
A’ S>A,S8. Dividing (8) throughout by c, to give mol. conductivities, one 
obtains 
A’,S = a,A,MOH + (1 — a,)A,S + a,A,AcOH 
or AS = A'S ~- at — sohpri Se ee a. a 
(1 — ay) 

The values of the mol. conductivities at the respective dilutions for NaOH, 
KOH and AcOH were read off directly from the conductivity—concentration 
curves, 

Results —The following tables give the exptl. values of the equiv. con- 
ductivity, A, obs., of the substances investigated at various concns. C, ex- 
pressed in g.-equivs. per 1. The capital letters S, V, Q, R refer to the cell 
employed. Themean values of A,”, evaluated from the equation A,” = A, +- 
BO", the values of the consts, of which are given, are included at the head of 
the table. Likewise the mean values of A,’ and x deduced from the square-root 
relation A, = A,’ — x05 are incorporated in the tables. Col. 3 gives the 
values of the degree of hydrolysis, a,; col. 4 the values of the conductivity 
corrected for hydrolysis, A, corr.; col. 5 the values of A,” calc. by the “n” 
formula; col. 6 the values of A, calc. computed from the given values of 
A’ and x; col. 7 is the difference between A, obs. and A, calc.; «is the sp. 
conductivity of the H,O used expressed in gemmhos, and M is the mol. wt. 
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For NaOAc, 2 cale. by the Debye—Hiickel-Onsager equation (cf. J., 1931, 
1720) is 80-2 and A — 36-7; for KOAc 2 cale. is 85-7 and A — 49-0. 


Sodium Acetate at 25° (M = 82-04). 


Ag = Ag + 93-42 C8; Aun — 89-45," 
A,’ => Ag ++ 50-8 Cos; A,? = 89-58. 


Pyrex cell V. « = 0-811. Series 18. 

C xX 10. — A, obs. ay. A, corr. A,”. A, cale. Diff. 
1-285 89-60 0-00216 89-00 89-44 89-00 0-00 
5-368 88-62 0-00106 88-36 89-39 88-40 —0-04 
9-927 88-10 0-00078 87-89 89-38 87-98 —0-09 

19-71 87-31 0-00055 87-18 89-47 87-32 —O0:14 
38-74 86-26 0-00039 86-20 89-44 (86-52) ( —0°32) 
57-78 85-41 oi 85-41 (89-69) (85°72) (—0-31) 
75-24 84-75 — 84-75 (89-65) — —_ 
91-77 84-16 os 84-16 (89-75) — — 

Pyrex cell S. x = 0-840. Series 28. 

2-808 89-16 0-00150 88-76 89-46 88-73 -+-0-03 

6-076 88-37 0-00093 88-20 89-41 88-24 —0-04 
14-87 87-71 0-00064 87-60 89-50 87-62 —0-02 
26-38 86-90 0-00048 86-80 89-48 86-87 —0-07 
32-06 86-64 —_— 86-64 89-55 86-70 —0-06 
51-09 85°77 ae 85-77 (89-75) (85°95)  (—0-18) 
64-91 85-10 — 85-10 (89-65) — ote 
99-01 83-95 — 83-95 (89-92) — — 


* The values in parentheses were not employed in the calculation of the 
mean value of A,". 


Potassium Acetate at 25° (M = 98-13). 


m= A, + 150-5 CO; A.” — 113-44, 
Ag = Ag + 43-70%; = A,* = 113-65. 


Pyrex cell V. x = 0-730. Series 1S. 
1-415 113-65 0-00206 113-10 113-44 + 113-13 —0:03 
6-177 112-75 0-00099 112-53 113-37 112-56 —0-01 
11-53 112-25 0-00072 112-14 113-40 112-16 —0-02 
23-11 111-39 + =0-00051 112-29 113-51 (111-55)  (—0-26) 
48-22 110-00 ~- 110-00 (113-88) (110-61) (—0-61) 
72-85 109-09 _— 109-09 (113-92) -— 7 
92-45 108-40 o 108-40 (114-00) — so 
111-0 107-80 = 107-80 (114-21) — -_ 
Pyrex cell S. x = 0-819. Series 28. 


2-909 113-22 0-00144 112-83 113-39 112-90 —0-07 
7-096 112-65 0-00092 112-50 113-44 112-49 +0-01 
15-79 111-80  0-00062 111-70 113-50 (111-91) (—0-21) 
30-27 110-85 0-00045 110-78 113-48 (111-25) (—0-47) 
39-70 110-39 ~— 110-39 113-54 — — 
53-40 109-90 anes 109-90 (113-68) — —_ 

68-68 109-15 ove 109-15 (113-89) — 


Acetic Acid at 25° (M = 60-04). 


The results are given below, together with the corresponding values of the 
classical dissociation consts., Kgjacs,, With A, = 387-85. 
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Series, etc. C x 104. Ae Kaw X 10°. 
1A, 1-873 102-5 1-782 
Specimen 1. 25-62 31-59 1-840 
x = 0-742, 45-23 24-05 1-854 
Cell Q. 65-27 20-06 1-832 
89-55 16-99 1-797 
113-2 15-42 1-863 
2A. 1-772 103-9 1-744 
Specimen 2. 9-400 50-60 1-841] 
x = 0-740. 24-78 31-94 1-849 
Cell Q 38-86 25-78 1-839 
56-74 21-48 1-842 
80-23 18-51 1-814 
92-16 16-99 1-850 
106-3 15°81 1-841 
3A. 5-160 65-95 1-819 
Specimen 1. 12-96 43-50 1-836 
x = 0-717. 25°78 31-43 1-842 
Cell R. 68-71 19-58 1-844 
84-56 17-74 1-854 
112-2 15-41 1-844 
Mean 1°831 


Calculation of Dissociation Constants.—For the computation of “ A,” of 
AcOH at any ion conen. c’;, four expressions are available ; these being identical 
with (1), (2), (3), and (4) when A’,; is substituted for A, in each case. Let 
the ion concn. corresponding to the mol. concn. C be represented by c’, and 
x, soln. be the sp. conductivity of the solution at the concn. C. As a first 
approximation, using the limiting value of A,, i.e., Ag, c’ = 1000 x, soln./387°85. 
For this conen. c’ an approx. value of A, may be obtained with the aid of 
the conductivity—concentration curves of the substances given in equation 
(2) (the results are to be found in the present and earlier papers of this series). 
We have found that for, 


HCl, A, = 423-67 — 1380 C®*?, 
NaCl, A, = 126-18 — 117-4 C551, 
NaOAc, A, = 89°45 — 93-42 (0°59, 


Substituting in equation (2), we have 
A,AcOH = 386-94 — 1380 C%*2® — 93-42 (0°58 + 117-4 (0°551, 


With the new value of A,, a fresh determination of the ionic concen. c” was 
made and thence the corresponding value of A,. Two approximations were 
found to be sufficient. 

For the sake of brevity, only the final results are given in Table II. A, has 
been deduced from expressions (1) and (2), K’ is the dissociation const. com- 
puted from the corr. degree of dissociation, and Ktperm, is the true or thermo- 
dynamic dissociation const. deduced from the equation log Ktherm. = log K’ — 
1010 c’®5, Table III gives a similar set of results applied to series 3A but 
with the mean value of A, deduced from equations (1), (2), (3), and (4): the 
difference is very small, indicating that the assumption of independent 
migration of ions is justified. 

A, at Round Concentrations.—The values for the equiv. conductivity at 
round concns. are given in Table IV. Interpolation was carried out on a 
A--C graph drawn with a flexible spline. 
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Tasie II. 
C x 10. Ae. Ae c” x 104. 
Series 1A. 

1-873 102-5 387-23 0-4966 
25-62 31-59 387-13 2-0857 
45-23 24-05 387-05 2-8089 
65°27 20-06 386-95 3°3829 
89-55 16-99 386-90 3-9310 

113-2 16°42 386-82 4-5138 
Series 2A. 

1-772 103-9 387-24 04764 

9-400 50-60 387-20 1-2188 
24-78 31-94 387-14 2-0439 
38-86 25-78 387-07 2-5882 
56-74 21-48 387-00 3°1494 
80-23 18-51 386-91 3°8414 
92-16 16-99 386-89 4-0471 

106-3 15°81 386°85 4-3466 
Series 3A. 

5-160 65-95 387-22 0-8960 
12-96 43-50 387-20 1-4553 
25-78 31-43 387°12 2-0925 
68-71 19-58 386-96 3-4771 
84-56 17-74 386-90 3°8813 

112-2 15-41 386-83 44720 
Tasiez IIIf. 
Series 3A. 

5-160 65-95 387-73 0-8848 
12-96 43-50 387-64 1-4535 
25-78 31-43 387-50 2-0904 
68-71 19-58 387-22 3°4748 
84-56 17-74 387-12 3°8747 

112-2 15-41 386-99 4-4702 
TaBLeE IV. 
Cx10'. AcOH. AcONa.* AcOK.* 
1-0 — 89-07 113-10 50-0 
2-0 104-0 88-87 113-00 60-0 
5-0 64-50 88-56 112-68 70-0 
10-0 48-70 88-06 112-24 80-0 
20-0 35°18 87-23 111-48 90-0 
30-0 29-32 86-67 110-88 100-0 
40-0 25-45 86-18 110-37 


The authors thank the Royal Society (A. I. V.) and the Chemical Society 


Cx10*. AcOH. AcONa.* AcOK:* 


K’ X 105. Kinerm, X 105. 


1-794 
1-847 
1-858 
1-843 
1-806 
1-874 


1-751 
1-847 
1-838 
1-847 
1-851 
1-828 
1-864 
1-851 


1-802 
1-843 
1-849 


1-853 
1-865 
1-854 


1-798 
1-838 
1-845 


1-851 


1-862 
1-853 


22-75 
20-78 
19-24 
17-96 
16-92 
16-20 


* Corrected for hydrolysis. 


(G. H. J.) for grants. 
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‘ 


85-70 
85-25 
84-90 
84-53 
84-19 
83°86 


PART VI. 


1-773 
1-787 
1-788 
1-766 


1-759 
1-788 
1-785 
1-773 
1-780 
1-764 


109-91 
109-49 
109-14 
108-79 
108-48 
108-16 


(Received, July 27th, 1932.] 
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429. Studies in the Composition of Coal. The 
Constitution of the Ulmins. 


By Freprerick Heatucoat and R. VERNON WHEELER. 


Tux ulmins form the major part of coal (see Safety in Mines Research 
Board Paper No. 28, p. 40, 1926). Knowledge of their constitution 
is therefore essential to a study of the composition of coal. Earlier 
researches (loc. cit., and J., 1925, 127, 2238) have shown that the 
ulmins of a bituminous coal, normally insoluble, can be obtained in 
a (modified) form soluble in alkalis by mild oxidation, ¢.g., by air 
at 150°. The soluble ulmins thus produced would seem to be 
nearly homogeneous; they can be separated into a number of 
fractions by different solvents, but all the fractions are compounds 
of the same type and their analyses differ but slightly one from 
another. 

The oxidation necessary to render the coal ulmins soluble in 
alkalis forms carboxyl groups which give them a definite acidic 
character allowing of salt formation. From the copper salt an 
average value of 170 is obtained for the equivalent. This should 
be compared with the figure, 350, given by Sven Odén (Proc. Faraday 
Soc., 1921) for the equivalent of the soil ulmins. It is doubtful 
whether determinations of molecular weight have any meaning, the 
“molecule.” of the coal ulmins, like that of carbon, probably being 
continuous. From the nitrogen content of the soluble ulmins 
(which is the same, in all the fractions obtained by different solvents), 
some idea can be obtained of the magnitude of any “ molecular ” 
unit there might be; a value 680 has been calculated in this way. 
The greater proportion of this nitrogen is inert, suggesting that its 
mode of occurrence is in a closed ring (cf. Pearson, J. Soc. Chem. 
Ind., 1932, 42, 717). 

In order to gain an insight into the character of the nuclear 
structure of the complicated molecular aggregate, Francis and 
Wheeler (J., 1925, 127, 2236) attempted to disrupt it gradually in 
such a manner as to produce recognisable products of known 
constitution. They succeeded, by the careful use of hydrogen 
peroxide and dilute nitric acid, in isolating aliphatic dibasic acids, 
benzenepolycarboxylic acids and nitrophenols. Fischer and 
Schrader had earlier (Abh. Kohle, 1920, 5, 135) isolated many 
benzenepolycarboxylic acids from the products of oxidation of coal 
under pressure of oxygen at 200—250° in the presence of alkalis. 
Francis and Wheeler therefore considered the nuclear structure of 
the ulmins to be essentially a compact system of annular 4ix- 
membered groupings connected together by heterocyclic structures, 
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such as pyrrole and furan or their derivatives, the aromatic acids 
and nitrophenols that they had obtained being derived from the 
six-membered ring structures and the aliphatic acids from the 
five-membered rings and connecting groupings. Bone and Quaren. 
don (Proc. Roy. Soc., 1926, 110, 537) and, later, Bone, Horton, and 
Ward (ibid., 1930, 127, 480) have confirmed the benzenoid structure 
of the coal ulmins by the isolation of benzenepolycarboxylic acids 
in large yields from the products of oxidation of coal by alkaline 
potassium permanganate. 

These elementary facts regarding the general nuclear structure of 
the ulmins, and some isolated observations pointing to the existence 
of certain reactive groupings, comprise the information so far 
obtained as to the constitution of the ulmins. The organic 
chemist is faced with the difficulty, when studying them, that the 
ulmins are colloids, of great complexity, in which internal con- 
densation has proceeded so far that there are few reactive groupings. 
Even when such groupings are apparently detected, it might be 
argued that they have been formed during the reactions used for 
their detection. We have hitherto referred to such reactive group- 
ings as “‘ external,” but it is doubtful whether that term is justified, 
for it implies the existence of definite ulmin molecules dissociable 
one from another. 

The first part of this paper describes work on the detection of some 
of the simpler reactive groupings, such as may be presumed to exist 
in unstable ring formation, or as connecting linkages between stable 
nuclei. The second part deals with the nuclear arrangements. 

(1) Some Reactive Groupings in Coal Ulmins.—The groupings 
attached to the nuclear structure of the ulmins determine their 
reactivity. With increasing degree of coalification, such attached 
groupings are progressively eliminated and the nuclear structure is 
correspondingly consolidated. Many of the groupings present, ¢.9., 
in peat ulmins, may not, therefore, be found in the ulmins from 
bituminous coal. 

There is considerable evidence for the existence of true carboxyli¢ 
groups in the ulmins from peat (see, e.g., Marcusson, Chem.-Zig., 
1920, 44, 43; Fuchs, ibid., p. 551). These “ ulmic acids” de- 
compose acetates (Fuchs, Brennstoff-Chem., 1927, 8, 337; Fuchs and 
Stengel, ibid., 9,178; Fuchs and Horn, ibid., 1930, 14, 372) and can 
be exhaustively methylated (Fuchs and Stengel, Brennstoff-Chem., 
1929, 10, 303). Marcusson (Z. angew. Chem., 1921, 34, 437) has 
suggested that during the transition of peats, through brown coals 
and lignites, to bituminous coals, the carboxylic groups condense to 
form anhydrides and ketones. ‘This suggestion is supported by the 
decreasing solubility of the ulmins in alkalis. There appears to be 
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no evidence of the existence of carboxylic groups in the ulmins as 
they occur naturally in freshly-mined bituminous coals. 

The presence of hydroxyl groups in the ulmins of soils has been 
demonstrated by Roger and Vulquin (Compt. rend., 1908, 147, 
1404) by acetylation. Fuchs and his co-workers (loc. cit.) also infer 
the existence of hydroxyl groups by methylation. We have 
obtained evidence of their survival in the ulmins of bituminous 
coals. 

Strache and Harrancourt (Brennstoff-Chem., 1924, 5, 350) have 
devised a method for determining the carbonyl content of coals. 
In the brown coals and bituminous coals studied by them, the 
amounts varied between 0-37 and 0-14%. 

Methoxyl groups have been detected in brown coals and lignites, 
but not in bituminous coals (Robertson, Biochem. J., 1907, 2, 458). 
Simak (Brennstoff-Chem., 1928, 9, 381) was unable to detect methoxyl 
groups in the ulmins of brown coals except in fractions soluble in 
ethyl ether, and concluded that the pure ulmins contain none. 
Buckley, working in these laboratories, found that when methylated 
sugars were condensed with amino-acids the methoxyl groups were 
progressively eliminated. 

The fact that all these oxygen-containing groupings, if present 
at all, exist in the ulmins in small quantities only, suggests that the 
oxygen in the ulmins is bridged or nuclear. Marcusson (loc. cit.), 
who ascribed to the ulmin “molecule” a structure built up of 
benzene and furan rings, considered that the oxygen ‘functions as 
oxonium in the latter. This “furan theory” was opposed by 
Fischer and Schrader (Brennstoff-Chem., 1921, 2, 37), who ascribed 
the production of phenols when coal is distilled to the pre-existence 
of hydroxyl groups. There is little doubt, however, that the 
greater part of the oxygen of bituminous coal is unreactive, and 
Jones and Wheeler’s explanation (J., 1916, 109, 708), that the 
phenols are derived for the most part from nuclei of furan type, would 
seem the more probable. 

We considered that it should be possible to observe the gradual 
elimination of reactive groupings with increasing rank of a series of 
coals (a) by the action of a Grignard reagent, to estimate reactive 
hydrogen, and (6) by acetylation, to estimate hydroxyl. 

The action of Grignard reagent. A Grignard reagent with dried 
coal would evolve methane from such groupings as -OH, ~-CH,-CO- 
(CH:C-‘OH-), -CO,H, ~-NH,, -NHR, -CH=, any of which might 
exist in the ulmin complex, but would not distinguish between such 
groupings. 

With all the coals examined there was a measurable evolution 


of oe the volume decreasing with the rank of the coal as 
Y ; 
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judged by its carbon content or, better, its reactivity index (see 
Francis and Wheeler, J., 1931, 586). The results, which were 
obtained in closely-agreeing duplicate, are expressed in Table I as 
c.c. of methane at N.7'.P. per g. of dried coal. Table I also records 
the percentages of hydroxy] equivalent to the quantities of methane 
evolved, not as necessarily indicating the sole origin of the reactive 
hydrogen but as giving direct significance to the results : 


TABLE I. 
The Action of Grignard Reagent on Coal. 
Reactive 
C, % on Re- CH, evolved’ groupings 
ash-free activity per g., €.c. calc. as 
Name of coal. dry coal. _index. at N.T.P. —OH, %. 
Ellistown Main ............ 77-9 89 46-0 (54-8)* 3-5 
Deep Hards ..........++0.- 82-8 72 28-7 2-2 
er eer 82-1 63 25-2 1-9 
BIOUS THONOD vescoccccssesccese 82-6 77 25-0 1-9 
DUPSOW (sis csddises eucbi cde 83°3 62 24-2 1-8 
Swallowood Softs ......... 82-6 56 20-0 (24-7) 1-5 
East Kirkby “.............. 82-5 62 16-1 1-2 
Parkgate Brights ......... 85-4 56 15-7 1-2 
Two Foot Nine ............ 89-8 25 10-5 0-3 | 
EL DM WD asasvevnseseens 86-8 4] 8-1 (14-9) 0-6 
PND ccuscdeceesnicsens 86-9 22 6-7 0-5 
| PO TT ET Te 88-3 34 5:7 (14-4) 0-4 
Anthracite .............000- 92-5 5 4-4 (7-4) 0-3 


* The values in parentheses were obtained on the residues from the coals 
after extraction with pyridine. 

The results cannot be regarded as quantitative because, although 
all the determinations were made under standardised conditions, the 
action of a mild reagent such as the Grignard on a colloidal complex 
such as coal is subject to modification dependent on the physical 
state of the substance, and this varies from one coal to another. 
The values obtained with some of the coals after their extraction 
with pyridine illustrate the effect of alteration in their physical 
condition. 

For comparison with the coals, the following results obtained with 
allied fuels are of interest : CH,, c.c. (at N.7'.P.) per g. : Dopplerite, 
103-5; Morwell brown coals, 93-0; Lancashire peat, 90-4. 

The Grignard reagent was prepared, in the usual manner, from 12-2 g. of 
Mg and 7-1 g. of Mel dissolved in 500 c.c. of amyl ether. Each coal was 
prepared by grinding so as to pass a 120- and remain on a 200-mesh sieve, 
dried to const. wt. at 105°, heated at 150° under 15 mm. press. during 2 hr., 
and transferred to a vac. desiccator containing conc. H,SO,. The determm- 
ations were carried out by the method due to Hibbert and Sudborough (J. 
1904, 85, 933; see also, Zerewitinoff, Ber., 1907, 40, 2023). 

Acetylation. Several coals were acetylated, the products hydro- 
lysed, and the liberated acids measured by titration after steam 
distillation. The results are recorded in Table II. 
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Tasxe II. 
The Acetylation of Coal. 
C, % on ash- Reactivity 
Name of coal. free dry coal. index. ~—OH, %. 
Ellistown Main ..............060+ 77-9 89 3°75 
SET R EY popes eae 80-4 Pens 2-80 
Swallowood Softs ............... 82-6 56 1-75 
Parkgate Brights ............... 85-4 56 0-85 
BRB ARIAA, jan. 0954 2cc0esqesoonsers 92-5 5 0°45 


Where comparison can be made with the values calculated on the 
assumption that all the reactive hydrogen measured by the Grignard 
reaction was of hydroxylic origin, it is seen that with all but one of 
the coals acetylation gave a higher value. Presumably, with 
acetylation there is a greater penetration of the ulmin complex than 
can be effected by the Grignard reagent. Although neither set of 
results can be accepted as quantitative, yet together they prove 
the presence of free hydroxyl groups in the ulmins of bituminous 
(and anthracitic) coals and show that their quantity decreases as 
the rank of the coal increases. 


The coals were ground as before, and 4 g. of each with 4 g. of NaOAc and 
200 c.c. of Ac,O were refluxed during 2 hr.; H,O (400 c.c.) having been added 
cautiously, the mixture was boiled during 15 min., filtered, and the residue 
washed once with H,O. It was transferred to a beaker with a large excess of 
H,0, boiled during 15 min., filtered, and thoroughly washed; it was then 
dried, hydrolysed during 6 hr. with 100 c.c. of 10% Ph-SO,H aq., and distilled 
insteam. The distillate was titrated with N/10-NaOH. 


(2) The Nuclear Structure of the Coal Ulmins.—The fact that the 
nuclear structure of the coal ulmins is of aromatic character led 
Fischer and Schrader (Abh. Kohle, 1920, 5, 200) to believe that the 
coal ulmins are derived solely from lignin, the carbohydrates, which 
form such an important part of the original plant materials, being 
supposed to be transformed by bacterial fermentation entirely 
into gaseous products, as indeed they are under certain conditions. 
Under anerobic conditigns, the celluloses are not necessarily 
destroyed but may be converted into substances which can play 
an important part in the formation of coal. Marcusson (loc. cit.) 
has consequently argued in favour of a cellulosic origin of coal, and 
has elaborated a scheme whereby sugars can form ulmins having 
aromatic nuclei with bridged oxygen linkages. The researches of 
Willstatter and Kalb (Ber., 1922, 55, 2648) and of Schrauth (Z. 
angew. Chem., 1922, 35, 617; 1923, 36, 149) furnish examples of the 
relationship existing between the carbohydrates and their aromatic 
derivatives, and of the reactions which permit of the passage of the 
one type of compound into the other. 

Lignin and cellulose differ markedly in their chemical properties 
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and it is reasonable to assume that the ulmins derived from each 
might also differ. Eller (Annalen, 1923, 431, 177) has shown that 
the chlorination of sugar ulmins and artificial ulmins formed from 
quinol yields compounds of different types (containing 22-8% and 
43-5% Cl respectively); and Thaysen, Bakes, and Bunker (Fuel, 
1926, 5, 217) have recorded the formation of two different types of 
compounds by the chlorination of peat, the one, soluble in ethyl 
ether and containing 40-7% Cl, which they related to ulmins from 
lignin, and the other, insoluble in ethyl ether and containing 21%, 
Cl, which they related to ulmins from cellulose. 

The chlorination of coal therefore seemed a possible means of 
separating the ulmins into compounds of different types. We have 
used chlorine dioxide for this purpose. 


Chlorination of coal. A bituminous coal of fairly high rank (Swallowood 
Softs, C, 82-6; H, 5-7%) was extracted with C,H,N and the residue (a-fraction) 
chlorinated with a standard quantity of dil. Hoffmeister’s reagent in a pressure- 
bottle. The product was extracted with Et,0, and both the extract and the 
residue re-chlorinated. Under this treatment, the Cl content of the extract 
increased, and a further quantity of the residue became sol. in Et,0. By 
successive chlorinations of the residue in this manner, there was obtained 
series of compounds, sol, in Et,O0, containing, in the order of their extraction, 
31-0, 31-5, 26-7, 27-6, and 25-1 % Cl, when fully chlorinated. These compounds 
were all stable, amorphous powders of a golden-yellow colour. 

The a-fraction of a bituminous coal of lower rank (Ellistown Main, C, 77:9; 
H, 5°35 %) was treated in a different manner, the product of a single (incomplete) 
chlorination being extracted successively with different solvents (acetone, 
EtOH, Et,O and H,O). In this way a number of fractions was obtained, but 
each fraction after being fully chlorinated had nearly the same Cl content and 
was sol. in Et,0. 3 

Nitration of these highly chlorinated compounds does not proceed far, 
owing to their saturated condition: a mixture of conc. H,SO, and fuming 
HNO, introduced 4-6% of nitro-groups into the chloro-ulmin from the 
fraction of the Swallowood Softs. The product (containing 37-4% Cl) was an 
amorphous, yellow-red solid, sol. in Et,0, acetone, and EtOH but insol. in 
C,H,y. When “ unstable ” Cl had been remoyed from the chloro-ulmin by 
treatment with alkali, 13-6% of nitro-groups could be introduced. 


Although the earlier fractions obtained on chlorinating the « 
fraction of the Swallowood coal contained more chlorine than the 
later, the difference is not marked and the work as a whole confirms 
our original belief that the ulmins of a bituminous coal can be 
regatded as homogeneous. Earlier workers, who have claimed 
to have separated chloro-ulmins into fractions of different character 
by means of solvents, seem to have been misled by their omission 0 
subject the fractions to exhaustive chlorination. The effects they 
have observed have been partly physical, the outer layers of the 
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coal particles having been chlorinated to a higher degree than the 
inner and having become more readily soluble in organic solvents. 

Sulphur and natrogen in the nuclear structure, Exhaustive treat- 
ment of the «- and §-fractions, separately, of the Swallowood Softs 
coal with chlorine dioxide yielded compounds of the following 
compositions (% on the ash-free, dry substances) compared with 
that of the original coal : 


Original Chlorinated Chlorinated 
coal, a-fraction. B-fraction. 
SEE Te Oe 82-6 36-3 39-0 
Eiinisessedbspesegsoscssesssncsgoes 5:7 1-8 2-0 
MG do adid paiik oddde cdedciddeesdiie — 40-6 39-8 
liasmcedhecontnevsksheoberceboe 1-8] 0-54 0-74 
DB AAMIC) 00... rcccccccesapercese 0-54 nil nil 


The complete removal! of the organic sulphur by ehlorination- 
oxidation, a preferential removal although the ulmins still remain 
highly complex, suggests its existence in the nuclear structure in a 
fairly readily accessible condition, e.g., in connecting linkages as 
postulated by Francis and Wheeler (Safety in Mines Research 
Board Paper No, 28, p. 34). On the other hand, a considerable 
proportion of the nitrogen of the coal survives chlorination—oxidation, 
showing that it is in a highly stable form and an essential constituent 
of the nucleus. 

The chlorination of a series of coals. Although the ulmins in a 
given coal could not be separated into different types of compound 
by chlorination, it appeared possible that different types could be 
recognised in different coals. The «-fractions of a series of coals, 
including an anthracite, were therefore chlorinated exhaustively in 
the manner previously described for the Swallowood Softs. All the 
compounds so produced were completely soluble in ethyl ether. 
They ranged in colour from light yellow, when from the coal of lowest 
rank, to brown, when from the anthracite. The analyses of the coals 
used and of the chlorination products are recorded in Table III. 


TaB_e III. 
The Chlorination Products of Coals. 


Analysis, % 





on ash-free Re- Chlorination product, 
dry coal. act- 35°" 

—t—. Ratio, ivity + -_~ -~ Ratio, 

Coal. C. H.. C/H. index. C, H, Cl. N. C/H. 
Ellistown Main 77:9 5-35 14-5 8-9 30-8 3:10 30-1 0-35 9-9 
Kent Thick ... 84-0 5-30 15-9 58 36-3 2:40 32-9 030 151 
MO i) biszce 86-0 540 159 22 368 195 374.045 18-9 
Tilmanstone ... 86-5 5°05 17-2 41 38-5 1:85 353 030 21-0 
Brockwell ...... 88-8 510 174 71 38-6 1-75 369 — 22-0 
Anthracite ...... 02-5 3:55 261 5 41-3 1-51 353 0:50 27:4 


* The content of § was nil throughout. 
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The Silkstone and Brockwell coals were included in the series 
because their reactivity indices were markedly anomalous. 

It will be noted that the ‘‘ rank ” of the coals, as judged by the 
carbon contents, has been preserved in the chlorination products, 
The C/H ratio has been considerably reduced in the chlorination 
product of the coal of lowest rank but is not much altered in that of 
the anthracite. This ratio would be reduced if carbon in reactive 
groupings or in unstable ring formation were oxidised, but would 
be increased if chlorination were. taking place by substitution of 
hydrogen. The results show that there is more carbon present in 
reactive groupings in coals of lower than in those of higher rank, 
and that in anthracite more carbon is present in stable ring formation. 
A similar conclusion can be drawn from the chlorine contents of the 
products, for the analyses show that the reaction has involved 
oxidation to a greater degree with the coals of lower rank. 

In order to determine the proportions of “ stable ”’ chlorine in the 
chlorination products, each was treated with boiling N/6-Na0OH 
during an hour, causing complete solution. The solutions were 
acidified and the colloidal precipitates filtered, washed, dried, and 
analysed. The analyses are recorded in Table IV. 


: TaBLeE IV. 


Chlorination Products of Coals after Treatment with Alkali. 


Analysis of chlorination product. 





Coal. C, %. H, %. Cl, %. Ratio C/H. 
Ellistown  ...........060- 51-9 3°20 12-0 16-3 
Kent Thitekk .vccccspceces 50-8 2-95 12-4 17°5 
Eo stee eink eens 50-0 2-65 14-3 19-0 
Tilmanstone ............ 50°6 2-85 "13-4 17-9 
Brockwell ........<...0- 50°7 2-45 14-3 20-6 
Anthracite ...........00s. 49-9 2-10 18-3 24-0 


The most striking feature of these results is the remarkable uni- 
formity in the carbon contents of the products, despite the widely 
different character of the coals from which they were obtained. It 
should be noted that the coals of which the reactivity indices were 
abnormal—Silkstone and Brockwell—do not now exhibit any 
abnormality. We believe this to be due to the fact that all reactive 
groupings were removed during the drastic treatment of oxidation- 
chlorination, the abnormality of the coals residing in their reactive 
groupings. 

The amount of “‘ stable ” chlorine is greater in the products from 
the coals of higher rank. Since this chlorine has been introduced 
into the nuclear structure of the ulmins, it follows that the ulmins 
of coals of higher rank possess higher proportions of stable nuclei. 
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There is no indication that ulmins of different types exist in different 
coals. 


We thank the Department of Scientific and Industrial Research for generous 
grants towards the cost of carrying out this research, which is being continued. 
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430. The Ultra-violet Absorption Spectra of Phosphine, 
Arsine, and Stibine. 


By G. H. CHeresmMAn and H. J. Emevévs. 


THE ultra-violet absorption spectrum of ammonia consists of a 
series of predissociation bands between 22100 and 1700 A. (Liefson, 
Astrophys. J., 1926, 63, 73). For phosphine, three predissociation 
bands between 22200 and 2300 A. have been recorded by Melville 
(Nature, 1932, 129, 546), the absorption being continuous below 
32200 A. The ultra-violet absorption spectra of arsine and stibine 
are now recorded, together with further observations on phosphine. 


PH, was prepared from PH,I by the action of conc. alkali, AsH,; by the 
action of dil. HCl on zine arsenide, and SbH, by dropping a Mg-Sb alloy into 
ice-cold dil. HCl. The gases were purified by washing with water, drying, and 
fractional distillation. The spectra were photographed on a Hilger small 
quartz spectrograph (E. 6), the absorption cells used being (a) a quartz cell 
12 em. long with plane ends, (b) glass tubes 40 or 110 cm. long with quartz 
windows attached to the ground ends with picein wax. The light source 
was a Wood’s hydrogen tube consuming about 14 kw. 

AsH, and PH, were stored in large glass bulbs, and SbH,, which was used 
as soon as possible after preptn., was kept in a bulb immersed in liquid air. 
From their storage vessels the gases were admitted to the previously baked 
and evacuated absorption tubes up to the required pressure. The photo- 
chemical decomp. of these hydrides resulted in the deposition of a solid film 
on the quartz window nearest the light source, which reduced the transparency 
of the quartz with exposures of over 15 min. By evacuating the absorption 
tube after the illumination of the hydride, and making a blank exposure, the 
solid film was found to diminish the intensity of light transmitted below 
2500 A., but it probably would not have masked absorption bands. 

With PH, two diffuse absorption bands were observed, the best conditions 
being with the longest (110 cm.) absorption tube filled at atm. press., and 
with a long exposure (e.g., 34 hr.). The bands were very faint, their centres ~ 
being at approx. 2315 and 2290A., and their width approximately 10 A. 
Below 2270 A. the absorption was continuous. Dr. Melville has kindly allowed 
us to compare these plates with his, and the bands correspond with two of 
the three recorded by him. On reducing the press. to 3—50 mm. in either 
the long or the shorter tube, the bands were no longer observed, whereas for 
NH, Liefson (loc. cit.) found that at high pressures only a few of the predis- 
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sociation bands (at longer wave-lengths) were visible, and on reducing the 
pressure the diffuse band system extended increasingly into the ultra-violet. 

With shorter absorption tubes, increased light intensity, or reduced press., 
the limit of the continuous absorption shifted towards the ultra-violet, partial 
transmission being obtained down to 2100 A. In order to verify that the 
diffuse bands were not due to a secondary decomp. product of PH,, the 
12-cm. quartz cell was filled with PH, at 76 cm. and the absorption spectrum 
photographed (1 min. exposure). The diffuse bands were not visible. The 
cell was then illuminated from the side with the hydrogen tube for 6 hr., its 
position being changed every few min. as a deposit formed on the quartz 
opposite to the light source. Finally, a further 1 min. absorption exposure 
was made through the cell. It was identical with the first, showing no trace 
of the diffuse bands, although considerable photochemical decomp. had taken 
place. This probably means that the bands are due to the PH; molecule 
rather than to a secondary product, formed in the long exposures needed 
to show them. 

With AsH,, a 5-hr. exposure in the 110 cm. tube at 76 cm. (the quartz 
windows being cleaned three times during the exposure) showed an absorption 
limit at 42390 A., but no diffuse bands of the type found for PH, could be 
seen, nor did they appear at lower pressures down to 1-3 cm. either in the long 
tube or in shorter ones. As before, the apparent absorption limit depended 
upon the conditions. 

For SbH,, long exposures were impossible at room temp. owing to its rapid 
surface decomp. At 90 cm. in the 12-cm. cell and with a 15-min. exposure, 
the limit of transmission was at 42750 A. At 8 cm. in the same cell it was at 
42390 A. with a 20-sec. exposure, and at A2260 A. for the same exposure at a 
press. of 3mm. Again, none of these plates gave any definite indication of 
diffuse absorption bands. 

There appears to be a regular gradation in the nature of the absorption 
spectra of these hydrides with increasing mol. wt., NH, having a well-developed 
predissociation spectrum, PH, poorly developed bands, and AsH, and SbH, 
only continuous absorption. The actual threshold limits for the photodecomp. 
cannot be deduced from these results: under comparable conditions there 
is probably a difference of 200—300 A. between the limits of continuous 
absorption of PH, and SbH,;. For PH, a threshold at 2100 A. would cor- 
respond with an energy of dissociation of 135,000 cals. /g.-mol., and a value of 
2400 A. for SbH, would correspond with 118,000 cals./g.-mol. Qualite 
tively, the results agree with the order of thermal stability of the hydrides, 
though the thermal decomp. takes place as a surface reaction. 

Melville (loc. cit.) has recorded the products of decomposition of PH, as red 
P and H,. From AsH,, H, also is formed in the photochemical decomp., 
together with a brownish-black deposit, which is probably As, but has not 
been examined for the presence of H. 


The authors are indebted to Professor G. I. Finch for the loan of 
transformer. 


IMPERIAL CoLLEGE, London, 8.W.7. [ Received, October 20th, 1932.] 
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431. Studies of Electrolytic Polarisation. Part X. 
Ammines of Copper, Silver, Zinc, and Cadmium. 


By 8S. GLASSTONE. 


THE object of the present work was to apply the methods used in 
the study of the complex cyanide ions (J., 1929, 690, 702 ; 1930, 1237) 
to the investigation of the rates of dissociation of complex metal- 
ammine kations. : 

The discharge of a positive metal-ammine ion at a cathode may 
take place in one or both of two ways: either (a) the complex ion 
may be directly discharged with the formation of an unstable inter- 
mediate molecule which decomposes immediately into a metal atom 
and ammonia molecules, 


M(NH;,); -+ © —> M(NH,), —> M + 2NH,, 


or (b) only simple ions, produced by the dissociation of the complex, 
are capable of being discharged, thus 


M(NH,)* —~> M* + aNH,, 
and M+ + 6 —> M. 


If the first mechanism only is operative, the question of the rate of 
dissociation of the complex ion does not arise; if, however, the 
second mechanism occurs, either partly or exclusively, the problem 
is of importance in connexion with certain theories, proposed to 
account for the irreversibility of deposition of the iron-group metals, 
which will be discussed in a future paper. There seems to be no 
method available for distinguishing between the two alternative 
mechanisms for metal deposition, and since it is probable that 
dissociation of the complex ion is the first stage in the process, it is 
necessary to know if the reaction, should it occur, is fast or slow. 
Two important factors which did not enter into the work on the 
complex cyanides have now to be taken into consideration: (1) 
Whereas sodium and potassium cyanides may be regarded as almost 
completely dissociated, the degree of dissociation of an aqueous 
solution of ammonia varies, and so there is an uncertainty as to the 
concentration of free ammonia concerned in the formation of the 
metal-ammine ions in any particular solution. This fact is respon- 
sible for the somewhat abnormal shape of the curve obtained by 
Britton (J., 1925, 127, 2956) during the electrometric titration of 
silver nitrate solution with aqueous ammonia using a silver indicator 
electrode. In the present work an excess of ammonium sulphate 
was added to all solutions, thereby depressing the dissociation of the 
ammonium hydroxide so that all the ammonia in solution could be 


regarded as being in the form of NH, molecules. The electrometric 
4y2 
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titration curves thus obtained were much more of the normal type. 
(2) Allowance had to be made for the possibility of the migration of 
kations to the electrode under the influence of the applied potential, 
in addition to those diffusing to the cathode in the ordinary manner. 
This difficulty does not apply to the complex cyanide solutions, 
since there was always a sufficiently large concentration of cyanide 
ions near the cathode to carry almost the whole of the current 
passing. In ammoniacal silver nitrate solution, however, the small 
concentration of ammonium hydroxide is unable to supply sufficient 
ammonium ions for this purpose. The ammonium sulphate which 
was added provides such a large concentration of ammonium ions 
that no appreciable proportion of the ammine ions was involved in 
electrolytic transport; all the complex ions reaching the cathode 
may be regarded, therefore, as arriving as a result of natural 
diffusion only. 

If it is assumed, as previously, that the diffusion coefficients of 
all ions, other than hydrogen and hydroxyl ions, are almost the 
same, it can be calculated (J., 1929, 690; Trans. Amer. Electrochem. 
Soc., 1931, 59, 277) that the maximum rate of diffusion of metal- 
ammine ions is equivalent to a C.D. of 0-027n amp. per sq. cm., 
where is the concentration of the complex ion in g.-equiv. per litre. 
If the complex ion dissociates rapidly and no hydrogen evolution 
occurs during the course of meta] deposition, then this C.D. represents 
the maximum at which the metal can be deposited with an efficiency 
of 100%; if this C.D. is exceeded, the cathode potential should rise 
rapidly and the liberation of hydrogen gas should commence. 

Electrometric titrations of copper, silver, zinc, and cadmium salts 
with ammonia solution, using the appropriate metal as indicator 
electrode, have been carried out; the results, as with the cyanide 
titrations (loc, cit.), can be readily correlated with the curves 
obtained by plotting cathode potential against C.D. for solutions 
containing various ratios of metal to ammonia. Owing to experi- 
mental difficulties only a limited number of observations of current 
efficiency for metal depositions were made ; copper and zinc dissolve 
spontaneously in ammoniacal solutions, the latter with the evolution 
of hydrogen, and all the metals studied tend to give non-adherent 
deposits, especially at the higher C.D.’s. The limiting C.D. for 
100% efficiency of metal deposition can, however, be inferred in all 
cases studied, except that of zinc, from the sudden rise in the 
cathode potential which occurs when this limit is passed. 


EXPERIMENTAL. 


The procedure was similar to that used for the complex cyanides (loc. cit.). 
For the electrometric titration, 5 c.c. of a N-solution of a salt of the metal, to 
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which had been added about 2 g. of (NH,),SO,, were titrated with N-NH,OH. 
A thick wire of the metal (Ag or Cu) or a thick Cu wire coated with the metal 
(Zn or Cd) by electrodeposition was used as indicator electrode. In order to 
diminish the possibility of dissolution of the metal, a current of H was passed 
through the solution during the titration. Under the conditions of the 
experiments no ppt. of hydroxide or basic salt occurred on addition of NH,OH ; 
the decreased OH’ concen. caused by the excess of (NH,),SO,, together with 
the removal of simple kations to form metal-ammine complexes, prevented 
the solubility product of any of the hydroxides being attained. The titration 
eurves, therefore, show no breaks at points corresponding to hydroxides. 
Cathode-potential measurements were made by the commutator—extra- 
polation method used in previous work. All the electrode potentials are 


Fig. 1. 
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expressed on the normal hydrogen scale, and unless otherwise stated, experi- 
ments were carried out at room temp. (about 15°) in unstirred solutions. 


RESULTs. 


Copper.—The results of the titration of N-CuSO, solution, containing 
(NH,),SO,, by N-NH,OH are shown in Fig. 1. The marked inflexion in the 
potential-composition curve occurs in the region corresponding to Cu(N. H,),"*; 
this conclusion is in agreement with that reached by Dawson (J., 1906, 89, 
1666), Hantzsch and Robertson (Ber., 1908, 41, 4328), and others from 
different methods. In the absence of added (NH,),SO, the inflexion in the 
curve is barely noticeable, for under these conditions the amount of NH, 
added is not proportional to the volume of NH,OH solution used; there is no 
doubt, however, that the same complex ion is formed. 

The most negative potential reached was about — 0-05 volt (Cu: NH, = 
1:10); even in conc. aq. NH, (d 0-88), in which the conen. of Cu” ions is as 
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low as it can be in a cupriammine solution, the potential of the Cu electrode 
was — 0-4 volt, whereas the potential for the reversible evolution of H in such 
a solution is in the vicinity of — 0-6 volt. There appears to be no danger, 
therefore, that the evolution of H will interfere with the deposition of Cu 
from the cupriammine solutions. The cathodic potential in such electrolytes 
should rise rapidly from about 0-25 to +. 0-0 volt, and then slowly to more 
negative values, approaching — 0-4 volt when the limiting current is reached. 
If the H overvoltage at a Cu cathode is about 0-15, then gas evolution in the 
solutions under examination should commence at about — 0-75 volt, and soa 
sudden rise of cathode potential should occur when the limiting C.D. is 
exceeded. 

The actual cathode potentials measured at various C.D.’s are given in 
Table 1; each solution, unless diluted, was 0-1M with respect to Cu, and about 
M in (NH,),SO,.. The ratio of Cu : NH, was 1 : 4 in solution I, 1 : 5 in II, and 
1:7in III. 











TABLE I. 
Copper cathode potentials. 
Solution I. Solution II. Solution III. 
C.D. x 10% oc ™ Mg “A =  —— 
(amps. /cm.?). Diluted Diluted Diluted 
I. 10-fold. II. 10-fold. Til. 10-fold. 
— 0-11 0-19 0:03 0-15 —0-02 0-01 
1 -—— 0-15 — 0-12* a — (0-02* 
2 — 0-09* — 0-02 — —0-09 
3 —_ —0-03 — —0-05 — —0-14 
5 0-09 —0-11 0-01 —0-12 — 0-03 —0-21 
6 — —0-18 — —0-15* — — 0-30* 
7 — —0-25* — —0-85 — — 0-88 
10 — —0-90 —0-02 — 0-92 — —0-92 
15 0-07* —0-95 —0-05* —0-97 —0:06* —0-97 
20 —0-10 — —0-19 — —0-17 — 
30 —0-12 — — 0-22 -— — 0-20 = 
40 —0-14 — —0-25 -- — 0-23 “= 
50 —0-18 — —0-28 — —0°24 — 
60 —0°24 — — 0-32 — « —0-27 = 
65 —0-35* —_ —0-39* — —0-34* — 
70 —0-81 — —0-90 — — 0-65 — 
90 —0-94 — —0-97 — —0-98 —_— 


These results show that the expected rapid rise of cathode potential from 
0-25 to + 0-0 volt, which should have been observed at the lowest C.D.’s in 
solution I, does not occur. Further, in each solution there are two C.D.’s, 
marked with an asterisk, at which there is a sudden rise of cathode potential, 
whereas in the electrolysis of the complex cyanides only one such C.D. is 
observed. If the Cu(NH,),” ion may be supposed to dissociate very rapidly, 
then the limiting C.D. for 100% Cu deposition should be about 0-0054 amp./ 
cm.?* (see p. 2850) in the 0-1M-solutions, but the two observed limiting C.D.’s 
are 0-0015 and 0-0065 amp. /cm.* in each case. When attempting to determine 
the current efficiencies for Cu deposition in these solutions, the probable cause 
of the two discontinuities became evident, for the Cu cathode dissolved 
spontaneously in the solutions at a rate equiv. to a C.D. of about 0-0015 
amp./cm.*. There is no simultaneous evolution of H, but the Cu probably 
dissolves to form Cu(NH,)," ions which may subsequently become oxidised to 
Cu(NH,),” ions. As the C.D. at the cathode is increased, therefore, the 
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NH, : Cu ratio does not increase at first as rapidly as would have been the 
ease if the electrode had not been attacked; the cathode potential at low 
C.D.’s consequently changes only slowly as the C.D. is increased. When the 
latter exceeds 0-0015 amp. /cm.’, the rate of deposition of Cu exceeds the rate 
of dissolution and further increase of C.D. causes a marked increase in the 
NH, : Cu ratio and the cathode potential rises rapidly. This potential sub- 
sequently increases, with increasing C.D., to about — 0-35 volt, as anticipated, 
when the second limiting current at 0-0065 amp./cm.* is reached; beyond 
this point there is another rapid rise of potential accompanied by H evolution. 
The C.D. of 0-0065 amp./cm.* may be regarded as equiv. to the sum of the rate 
of diffusion of the Cu(NH,),” ions to the cathode and the rate of dissolution 
of the Cu from the electrode, since this represents the max. rate of deposition 
of the metal under the experimental conditions. As the rate of dissolution is 
equiv. to 0-0015 amp./cm.*, the rate of diffusion is equiv. to a C.D. of 0-0050 
amp./cm.?, which agrees with the value of 0-0054 amp./cm.’*, cale. on the 
assumption that the Cu(NH;)," ion dissociates rapidly and that its diffusion 
coefficient is 1-2. 

In the solutions which have been diluted 10-fold, i.e., 0-01M-Cu, the two 
limiting C.D.’s are at about 0-0001 and 0-0006 amp./cm.*, and the difference 
(0-0005 amp. /cm.*) corresponds, according to the views given here, to the max. 
rate of diffusion of the Cu(NH;)," ions in the 0-01.M-solution; the calc. value 
is 000054 amp./em.?. The results obtained in the present work indicate, 
therefore, that if dissociation of the Cu(NH,),” ions is a necessary preliminary 
to the deposition of Cu on a cathode, then this dissociation occurs very 
rapidly. 

Silver.—The curve similarly obtained in the electrometric titration of 
N-AgNO, (Fig. 1) indicates that Ag(NH;),° is the main complex ion formed ; 
this formula is the one generally accepted (see Britton, loc. cit.). The most 
negative potential reached, with Ag: NH, = 1: 10, is 0-20 volt, and con- 
sequently there is no likelihood that H will be evolved at a Ag cathode in 
Ag(NH,)," solution until the C.D. exceeds that at which diffusion of kations 
ean keep pace with the rate of deposition of Ag. From the titration curve it 
appears that with a solution containing 1Ag to 2NH, the cathode potential 





TABLE IT. 
Silver cathode potentials. 
Solution I. Solution IT. Solution ITT. 
A OS eee ne 
C.D. « 104 Diluted Diluted Diluted 
(amps. /em.?). E, 5-fold. IL. 5-fold. III. 5-fold. 
_ 0-56 0-54 0-36 0-40 0-32 0-37 
1 amps 0-48 — 0-39 —- 0-35 
2 pate 0-44 — 0-38 -- 0-33 
4 — 0-38 — 0:36 —- 0-32 
5 0-47 0-36 0:33 0-35 0:30 0-31 
6 o— 0-30* — 0-32* — 0-29* 
7 —_ 0-10 — 0-12 —- 0-19 
10 0-39 —0-15 0-32 — 0-43 0:28 —0-22 
15 0-36 —0-40 0-30 — 0-27 ~—0-45 
25 0-32 = ste nie ween sah 
30 0-28* “pre 0-28* — 0-26* are 
40 —O0-15 — — 0-08 a — 0-05 pe a 
50 — 0-40 = — 0-42 — —0-43 ail 
60 — 0°46 --- —0-50 oo — 0:52 —_— 
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during polarisation should rise rapidly from 0-55 volt to about 0-40, and then 


more slowly to 0-3 volt, which should be attained in the vicinity of the limiting 
C.D.; when the latter is exceeded, a sudden rise of potential to that of H 
If the ratio NH, : Ag in the 
original solution is greater than 3 : 1, it is evident from the titration curve that 
the cathode polarisation should be small as the C.D. is increased, the potential 
changing from about 0-4 to 0-3 volt; at the limiting C.D. the sudden change of 


evolution, about — 0-6 volt, should ensue. 


potential to — 0-6 volt, accompanied by H evolution, should occur. 


If the 


Ag(NH,), complex dissociates rapidly, this limiting C.D. in a 0-1N-solution of 
Ag should be 0-0027 amp./cm.’, and in a 0-02N-solution 0-00054 amp. /cm.’, 


irrespective of the Ag : NH, ratio in the original electrolyte. 
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The cathode-potential measurements are given in Table II; unless diluted, 
the solutions were 0-1N with respect to Ag, and M with respect to (NH,),80,. 
The ratio Ag : NH, was 1 : 2 in solution I, 1 : 4 in IT, and 1 : 6 in ITI. 

These results are in excellent agreement with anticipation ; the obs. limiting 
C.D.’s (potentials marked with asterisks in Table II) are 0-0030 and 0-0006 


amp./cm.? in 0-1 and 0-02N-solutions of Ag, respectively. 
therefore, that the Ag(NH;)," ion does not dissociate slowly. 


It is evident, 


Zine.—The shape of the electrometric titration curve for zinc (Fig. 2) 
indicates that Zn(NH,),” is the chief complex ion formed. This formula is in 
agreement with the one proposed by Euler (Ber., 1903, 36, 3400), although 
Bonsdorff (ibid., p. 2322; Z. anorg. Chem., 1904, 41, 132), from H.M.F. 


measurements, suggested Zn(NH;), °°. 


The titration curve does not indicate 


that such an ion is formed to any appreciable extent, and Bonsdorff’s results 
are probably due to the fact that he calculated the formula of the complex 
from Zn" conens. obtained by measuring the potential of a Zn electrode in 


solutions containing a large excess of NH,; such measurements are vitiated 
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by the spontaneous dissolution of Zn in these solutions (see p. 2850). It is 
owing to this behaviour that the cathode-potential measurements in 
Zn(NH;),° solutions do not afford any information concerning the rate of 
dissociation of the complex ion. Some of the results obtained with electro- 
lytes containing 0-1M-Zn, and having Zn: NH, ratios of 1: 4 (solution I), 
1:5 (II), and 1: 8 (III), are given in Table III; in each case H was evolved 
even before the current was applied. 


TABLE III. 
Zine cathode potentials. 


C.D. x 104 
(amps. /em.*). Solution I. Solution IT. Solution ITI. 
— — 0-94 — 1-02 — 1-05 
5 —1-02 — 1-06 — 1-07 
10 — 1-06 — 1-08 — 1-09 
25 —1-10 —I-1l —1-12 
60 —1-14 —1-17 —1-19 
100 —1-19 —1]-21 — 1-23 


In each solution the cathode potential rises steadily; there is no limiting 
C.D., since the current efficiency for metal deposition is always below 100%. 

Cadmium.—From the titration curve (Fig. 2) of N-CdSO,, containing 
(NH,),SO,, it appears that the main complex ion is Cd(NH;),", or 
Cd{(NH,),(H,O)]"*, although this is not very stable. Both Euler and Bons- 
dorff (locc. cit.) considered that the Cd-NH, complex was Cd(NH;),"", but 
these authors used solutions containing a much higher ratio of NH; to Cd than 
those used here; under such conditions it is not improbable that the 
tetrammine ion exists. 

The most negative potential of the Cd electrode observed in the Cd—NH, 
solutions is about — 0-7 volt, but owing to the high overvoltage at a Cd 
cathode (>0-4 volt) evolution of H does not commence until potentials in the 
vicinity of — 1-0 volt are attained in the NH, solutions. Since the whole 
range of Cd potentials, from a solution containing no NH, to one having an 
NH, : Cd ratio of 10:1, is only — 0-49 to — 0-64 (see Fig. 2), polarisation 


TABLE IV. 
Cadmium cathode potentials. 
Solution I. Solution IT. Solution III. 
eee — am 
C.D. 104 Diluted Diluted Diluted 
(amps. /em.?). I. 10-fold. Il. 10-fold. Ill. 10-fold. 
— — 0-55 — 0-54 — 0-62 — 0°58 — 0-65 — 0-60 
2 1a — 0-59 feet — 0-63 = —0-65 
4 = ~0-62 wd - 0-66 La —0-68 
5 —0-57 —0-66* —0-65 --0-71* -0-66  —0-70* 
6 =e. = ke “x -1-13 —. .| <uenee 
7 ernie ee -igleat | See 
10 —0-59 — 1-20 — 0-66 — 1-25 — 0°67 — 1-28 
25 —0-62 — — 0-68 —~ — 0-68 — 
40 —0-65 — — 0-69 — — 0-70 —_- 
50 — 0°67 — —0-71 — —0-72 — 
55 —0-71* -— —0-73* — — 0-76* --- 
60 —0-98 — —0-99 — — 1-03 -— 
80 —1-03 — — 1-05 — —1-08 — 


—1-10 — —1-13 — —1-15 —} 
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should never be appreciable in the electrolysis of any Cd—NH, solution, pro- 
vided the C.D. is below the limiting value for 100% deposition of Cd. When 
this C.D. is exceeded, a marked rise of cathode potential, from about — 0-7 
to — 1-0 volt, should occur accompanied by H evolution. If the complex ions 
dissociate rapidly, the limiting C.D. should be at 0-0054 amp. /cm.* in a 0-1M-Cd 
solution. 

The results of measurements of cathodic potential at various C.D.’s in 
solutions 0-1M with respect to Cd, and these diluted 10-fold, in which the 
Cd : NH, ratios were 1 : 2 (solution I), 1 : 4 (II), and 1: 6 (IIT), are given in 
Table IV. Each solution was about M with respect to (NH,),SO,. 

Current-efficiency determinations in the NH, solutions were not reliable 
because of the non-adherent nature of the Cd deposited, but the results 
indicated that the C.D.’s above which the cathode potentials (marked with 
asterisk) rise to that of H evolution are actually the highest at which Cd can 
be deposited at 100% efficiency; the values are 0-0055 and 0-0006 amp./cm.? 
for the 0-1M and 0-01M-solutions of Cd, respectively. These results are in 
agreement with the values calculated on the assumption that the Cd—NH, 
complexes dissociate rapidly, and that the max. C.D. which can be applied 
before H commences to be evolved is equiv. to the rate of diffusion of the 
Cd-containing ions to the cathode. 


DIscussION. 


If the deposition of metal from ammine solutions requires the prior 
dissociation of the complex ions, then it seems definitely established, 
at least for the ammines of copper, silver, and cadmium, that this 
dissociation does not occur slowly. Apart, however, from any 
particular mechanism which may be involved, the results of the 
present work can be interpreted as implying that none of the stages 
in the process M(NH;); —~> Mis slow. For the zinc-ammine ions 
it is not possible by the methods at present available to obtain any 
indication concerning the speeds at which the intermediate stages 
occur; the low current efficiencies for metal deposition are partly 
due to the spontaneous dissolution of the zinc and partly to the 
direct liberation of hydrogen by the current. There is no reason to 
believe, however, that there is a retardation of any intermediate stage 
of the metal deposition process. 

It must be emphasised (see J., 1929, 690) that appreciable cathodic 
polarisation with increasing C.D. does not necessarily indicate that 
the complex ion in solution dissociates slowly. The cathode 
potentials, ¢.g.,in Table IIT, show that there is appreciable polarisation 
in the silver solution I, but very little in solutions II and III, yet 
each probably contains the same complex ions which dissociate 
rapidly; at least, it can be stated with certainty that the same 
process is involved in the deposition of silver from each solution. 
The change of potential with C.D. depends on the variation of the 
potential of the electrode as the ratio of ammonia to metal in the 
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solution is increased, and alone throws no light on the rate of 
dissociation of the complex ions present. 

It is of interest to compare the formule of the ammines of silver, 
zinc, and cadmium with those of the complex cyanides of the same 
metals; silver forms Ag(NH;),° and Ag(CN),’ only, zinc forms 
Zn(NH,),"° and Zn(CN),’’, whereas cadmium yields both Cd(NH;),” 
and Cd(NH;,),"°, and Cd(CN),’ and Cd(CN),”. 


SUMMARY. 

(1) Solutions of copper, silver, zinc, and cadmium salts, to which 
an excess of ammonium sulphate had been added, were titrated 
electrometrically with ammonia solution, the appropriate metal 
being used as indicator electrode; from the results the existence of 
the ions Cu(NH,),°, Ag(NH;).°, Zn(NH;),°, and Cd(NH;),° or 
Cd{(NH,),(H,0)]” is inferred. 

(2) Cathode-potential measurements have been made in solutions 
containing these ammines and the results have been interpreted by 
means of the titration curves and by the theory of the limiting 
eurrent. 

(3) There is no reason to believe that any of the intermediate 
processes, ¢.g., the dissociation of the ammine ions, involved in the 
discharge of a metal-ammine kation and the separation of the metal 
on the cathode occurs slowly. 


THe UNIVERSITY, SHEFFIELD. [Received, November lst, 1932.] 





432. The Chlorination of Iodophenols. Part V. 
m-Iodophenol. 


By Samvuet Bucuan and Hammton McComsitez. 


m-IODOPHENOL in carbon tetrachloride solution, when subjected to 
the action of chlorine, gave rise to a series of unstable iododichlorides 
and ring-substituted decomposition products very similar to those 
obtained from the p- and o-isomerides (Brazier and McCombie, J., 
1912, 101, 913; Buchan and McCombie, J., 1931, 137). The iodo- 
dichlorides of o- and p-iodophenol decompose to give chloroiodo- 
phenols, whilst that from m-iodophenol gives 4 : 6-dichloro-3-iodo- 
phenol. To obtain 6-chloro-3-iodophenol, the iododichloride from 
the chlorination of m-iodophenol was treated with potassium iodide 
solution. Chlorination of the 4 : 6-dichloro-3-iodophenol yielded 
another iododichloride decomposing to give 2: 4: 6-trichloro-3- 
iodophenol, which, having both ortho-positions relative to the 
iodine occupied, gaye no iododichloride. 
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As a whole the iododichlorides obtained from the derivatives of 
m-iodophenol were of the same order of stability as those from the 
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p- and o-isomerides. The most notable example of increased 
instability was m-iodophenyl dibromopropyl ether iododichloride, 
which decomposed over-night, whereas in the ortho-series it remained 
stable for a month and in the para for several months. In several 
compounds, e.g., m-iodophenol, m-iododiphenyl ether, and m-iodo- 
phenyl phenylcarbamate, chlorination led to the formation of iodo- 
dichlorides of the monochloro-substituted compounds. In these 
cases substitution in the nucleus occurred by the decomposition in 
solution of the first-formed iododichlorides. 

6-Chloro-3-iodophenol was prepared by Kray in 1926 (Diss., 
Amsterdam). 4-Chloro-3-iodophenol was prepared from 2-iodo-4- 
nitroaniline. The structure of 4: 6-dichloro-3-iodophenol was 
established by synthesis from 4: 6-dichlorophenyl p-toluene- 
sulphonate. The constitution of the 2 : 4 : 6-trichloro-3-iodophenol 
was proved by McCombie and Ward (J., 1913, 103, 1995). 

When m-iodophenol was chlorinated at 60—70° for a prolonged 
period, three products were isolated—2 : 4 : 6-trichloro-3-iodophenol, 
2: 4:5: 6-tetrachloro-3-iodophenol, and pentachlorophenol. 


EXPERIMENTAL. 


m-Iodophenol was prepared from m-nitroaniline by Hodgson’s method (B.P. 
200,716; 1922). In the last stage of the prep., the steam-distilling of the 
m-iodophenol from acid solution, the whole distillate was extracted with Et,0. 
The product solidified after distillation in vac. Acetate, colourless plates, m. p. 
38°, from petroleum (b. p. 40—60°) (Found: I, 48:7. C,H,O,I requires I, 
48-5%). The iododichloride was unstable and decomposed over 7 days; m. Pp. 
91—92° (decomp.). Benzyl ether, colourless plates, m. p. 52°, from petroleum 
(Found; I, 41-1. C,,H,,OI requires I, 40-9%). The iododichloride decom- 
posed over 2 days; m.p.70°(decomp.). Benzoate, white prisms, m. p. 72—73°, 
from petroleum (Found : I, 39-1. C,,H,O,I requires I, 39-2%). The iododi- 
chloride was stable, m. p. 106° (decomp.) (0-1498 gave 0-2002 AgI + AgCl. 
C,,H,0,Cl,I requires 0-1989). p-Toluenesulphonate, white needles, m. P- 
60—61°, from petroleum (Found : I, 33-8. C,;H,,0,IS requires I, 33-9%): 
The iododichloride was stable, m, p. 97—-99° (decomp.) (0°1340 gave 0-1580 
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AgCl + AgI. C,,;H,,0,Cl,IS requires 0-1572). Ethyl carbonate, prepared by 
the action of ethyl chlorocarbonate in dil. NaHCO, aq., was obtained as an 
oil, b. p. 163—164°/11 mm. (Found: I, 43-8. C,H,O,I requires I, 43-8%). 
The iododichloride was obtained by the addition of light petroleum to a 
chlorinated solution of the carbonate in CCl. It remained stable for 4 months, 
m. p. 79—80° (decomp.) (0-2094 gave 0-3025 AgCl + AgI. C,H,O,Cl,I 
requires 0-3011). Jodophenyl carbonate crystallised from C,H, in white plates, 
m. p. 141° (Found: I, 54-7. C,,;H,O,I, requires I, 54-56%). The bisiododi- 
chloride was stable, m. p. 115° (decomp.) (0-2098 gave 0-3576 AgCl + Agl. 
C,;H,0,Cl,I, requires 0-3603). Methyl ether separated as an oil, b. p. 123°/14 
mm. (Found: I, 54-6. C,;H,OI requires I, 543%). The iododichloride was 
very unstable and was prepared by gentle chlorination of redistilled m-iodo- 
anisole at 0°; m. p. 74° (decomp.) (0°1889 gave 0-3270 AgCl + Agl. 
C,;H,OCI,I requires 0-3233). More vigorous chlorination led to the formation 
of chloro-m-iodoanisole iododichloride. Ethyl ether, an oil, b. p. 133—134°/15 
mm. (Found: I, 51-3. C,H,OI requires I, 51-2%). An unstable iododi- 
chloride was prepared, m. p. 64° (decomp.), while more vigorous chlorination 
gave the iododichlorides of chloroiodophenetole, m. p. 75° (decomp.), and 
dichloroiodophenetole, m. p. 82—83° (decomp.). Allyl ether, an oil, b. p. 154— 
156°/11 mm. (Found: I, 49-2. C,H,OI requires I, 48-9%). On prolonged 
chlorination in conc. CHCl, solution traces of an iododichloride were obtained, 
m. p. 86—87°. In CCl, solution the action of Cl resulted in m-iodophenyl 
dichloropropy] ether being pptd. as an oil. Dibromopropyl ether, an oil (0°2596 
gave 03789 AgBr + AgI. C,H,OBr,I requires 0-3777). The iododichloride 
was pptd. from CHCl, solution and decomposed over-night; m. p. 78° (de- 
comp.). Phenylearbamate, white needles, m. p. 138°, from C,H, (Found; I, 
373. C,,;H,,.O0,NI requires I, 37-5%). The iododichloride was moderately 
stable, m. p. 120° (decomp.). Analysis showed the presence of one Cl atom in 
the nucleus (0-1112 gave 0-1672 AgCl + AgI. C,,;H,O,NCI,I requires 
0-1665). 

3-Iododiphenyl ether. 3-Nitrodiphenyl ether was prepared by condensing 
m-bromonitrobenzene with PhONa in presence of acetone-washed Cu powder. 
The ether was distilled under reduced press., b. p. 189—200°/14 mm. Reduc- 
tion of the nitro-group was effected by means of SnCl, in Et,0. The sulphate of 
the base was diazotised with NaNO,, and KI aq. added. 3-Iododiphenyl ether 
was obtained pure as an oil, b. p. 185°/14 mm. (Found: I, 43-0. C,,H,OI 
requires I, 42-9%). The iododichloride was obtained by adding light petroleum 
to a chlorine-saturated solution of the ether in CHCl,. It decomposed over 
2 days, m. p. 58°. Analysis showed that one Cl atom entered the ring (0-0625 
gave 0-1048 AgCl + AgI. C,,H,OCI,I requires 0-1035), 

w-3’-lodophenoxyacetophenone, white needles, m. p. 104°, from light petroleum 
(Found: I, 37-7. C,,H,,0,I requires I, 37-6%). The iododichloride, which 
was almost white, was pptd. from CHCl, solution; m. p. 94°. It decomposed 
over a period of several days. 

6-Chloro-3-iodophenol. m-Iodophenol in CCl, was chlorinated under ice- 
cooling. The iododichloride was separated, washed with light petroleum, and 
dissolved in AcOH, and KI aq.added. ‘The iodine liberated was removed with 
bisulphite, and the chloroiodophenol pptd. as an oil by H,O and crystallised 
from light petroleum, forming white plates, m. p. 56° (0-0989 gave 0°1490 
AgCl + AgIl. C,H,OCII requires 0-1475). The acetate was obtained as an 
oil by the decomp. of m-iodopheny! acetate iododichloride; b. p. 149°/11 mm. 
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(0-1772 gave 02242 AgCl + AgI. ©,H,O,CII requires 0-2262). The iodo. 
dichloride, m. p. 89° (decomp.), decomposed after 2 days. The benzyl ether was 
prepared by decomp. from the iododichloride of m-iodophenyl benzyl ether; 
b. p. 250—260°/11 mm. (0-2888 gave 0-3180 AgCl++ AgI. C,;H,,OCII 
requires 0:3173). The iododichloride, m. p. 72° (decomp.), decomposed after 
2 days. 

4-Chloro-3-iodophenol was prepared from 2-iodo-4-nitroaniline. The 
latter compound was diazotised and chlorine introduced by a Sandmeyer 
reaction. The chloroiodonitrobenzene was then reduced with SnCl, in Et,0, 
the tin double salt decomposed with 30% NaOH aq., and the base extracted 
with Et,0. The hydrochloride was pptd. with HCl and diazotised, and the 
diazo-solution boiled. White needles, m. p. 78°, from light petroleum (0-2412 
gave 0-3570 AgCl + AgI. C,H,OCII requires 0-3587). 

4 : 6-Dichloro-3-iogophenol. m-Iodophenol, dissolved in CCl,, was chlorin- 
ated at 0°, and the iododichloride, m. p. 59° (decomp.), filtered off. The iodo- 
dichloride decomposed over-night, giving a clean decomp. product erystallising 
from light petroleum in white needles, m. p. 104° (0-1166 gave 0-2116 AgCl + 
AgI. OC,H,OCI,I requires 0-2106). The iododichloride from this, m. p. 68— 
69° (decomp.), decomposed after 2 days, giving 2 : 4 : 6-trichloro-3-iodophenol. 
The constitution of 4 : 6-dichloro-3-iodophenol was established from 4 : 6-di- 
chloro-3-nitrophenyl 2-nitro-p-toluenesulphonate (Groves, Turner, and Sharp, 
J., 1929, 512). Both nitro-groups were reduced by boiling for 10 hr. with 
SnCl, in Et,0, the base diazotised, and iodine introduced. The product was 
heated, without further purification, with piperidine for 5 hr. at 100°, NaOH aq. 
added, and the filtered solution acidified, the dichloroiodophenol being pptd. 
The acetate formed white needles, m. p. 95°, from light petroleum (0-2288 gave 
0-3575 AgCl + AgI. C,H,0,Cl,I requires 0-3609). ‘The iododichloride was 
stable, m. p. 104° (decomp.). Benzyl ether, white needles, m. p. 82°, from aq. 
EtOH (0-1500 gave 0-2056 AgCl + AgI. C,,H,OCI,I requires 0-2066). The 
iododichloride decomposed after several days, m. p. 86° (decomp.). 

2: 4: 6-T'richloro-3-iodophenol was prepared by chlorinating m-iodophenol in 
the cold and allowing the iododichloride to decompose either in solution or 
after filtration. White needles, m. p. 104°, from light petroleum (0-1966 gave 
0-4060 AgCl + AgI. C,H,OCI,I requires 0-4044). No iododichloride was 
obtained with the trichloroiodophenol or its derivatives. Acetate, m. p. 87°. 
Benzyl ether, white needles, m. p. 80—81°, from light petroleum (0°1834 gave 
0-2960 AgCl + AgI. C,,H,OCI,I requires 0-2951). 

m-Iodophenol, dissolved in dry CCl,, was chlorinated at 60—70° for & hr. 
The product was almost pure 2: 4: 6-trichloro-3-iodophenol. This was re- 
dissolved in the solvent and further chlorinated for 30 hr. The solvent was 
again removed and the oil, which had a penetrating camphor-like smell, 
extracted with light petroleum. ‘Tetrachloroiodophenol separated in white 
needles, m. p. 171°; acetate, m. p. 141° (McCombie and Ward, loc. cit.). When 
distilled in steam, pentachlorophenol, which was only slightly volatile, dis- 
tilled; m. p. 187°. 


One of the authors (S. B.) wishes to acknowledge the assistance he obtained 
from the Yuill Trustees of the University of Aberdeen. 


University CHemicat LABORATORY, 
CAMBRIDGE, [Received, June 24th, 1932.] 
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433. Amines. Part X. Cobaltous and Cupric 
Compounds from _ T'ris-(B-hydroxyethyl)amine. 
New Method of Formation of Ammino-cupric Salts. 


By J. C. Durr and E. H. Sremr. 


‘ Tae behaviour of tris-(8-hydroxyethyl)amine (triethanolamine) (I) 


with salts of the commoner metals has been examined. Only ferric, 
cobalt, and cupric compounds gave unusual results; ferric chloride 
and hydroxide yielded no definite compound. Cobaltous salts gave 
purple crystalline compounds, acidocobaltotris-(p-hydroxyethyl)amine 
(II), but nickel chloride yielded only the blue crystalline addition 
compound, NiCl,,2N(CH,°CH,°OH),. Although decomposed by 
warm water the chlorocobaltous compound (II; X = Cl) dissolved 
in 20% sodium hydroxide and from this solution brown crystals 
of a sodiwm derivative of hydroxocobaltotris-(8-hydroxyethyl)amine 
separated (II; X= ONa). The reactions, analytical data, and 
method of formation all support formula (II) and are against these 
N(CH,°CH,°OH), (1.) 
X — Co — O-CH,°CH,*N(CH,°CH,°OH), (II-) 
Cu(OH),.,N(CH,*CH,°OH), (III.) 


compounds being addition compounds composed of (I) and. basic 
cobaltous salts. 

Although cupric salts yielded deep blue solutions with (I) in water, 
no crystalline compound could be separated. Cupric hydroxide 
dissolved easily in aqueous solutions of (I) and dark blue crystals 
of tris-(8-hydroxyethyl)aminocupric hydroxide (II1) were obtained. 
The solution of (III) in water was strongly alkaline and looked like 
ammoniacal cupric hydroxide solution; it was reduced to cuprous 
oxide when boiled with glucose. Attempts to prepare salts of the 
base (III) led always to basic cupric salts containing no (I). An 
alcoholic solution of (III) liberated ammonia from its salts, and the 
reaction has led to a new method of preparation of several ammino- 
cupric salts from ammonium salts of organic acids. 


EXPERIMENTAL. 

Chlorocobaltotris-(B-hydrozyethyl)amine (II; X.= Cl) separated in small 
purple plates when N(CH,°CH,°OH), (30 c.c.) was stirred into CoCl,,6H,O aq. 
(10 g. in 30 c.c. HO) at 40°, and the mixture then cooled (Found: Co, 24-2; 
Cl, 14-5; N, 58. C,H,,0,NCICo requires Co, 24-3; Cl, 14-6; N, 5-8%). 
In the same manner CoBr, produced minute purple crystals of the correspond- 
ing bromo-compound (Il; X = Br) (Found: €o, 20-5; Br, 27-3; N, 4-9. 
C,H,,0,NBrCo requires Co, 20-5; Br, 27-9; N, 49%). The thiocyanato- 
compound (II; X = SCN) was obtained in minute purple crystals when 
1 vol. of (I) was stirred into a mixture of 1 vol. of CoCl, aq. (5%) and 1 vol. of 








2862 MENZIES AND COPE: THE ACTION OF 


KSCN aq. (5%) (Found: Co, 22-2; SCN, 21-5; N, 10-45. C,H,,0,;N,8Co 
requires Co, 22-2; SCN, 21-9; N, 106%). The three foregoing compounds 
are insol. in cold H,O. Addition of hot H,O causes hydrolysis, but evaporation 
to dryness regenerates the original compound, All are sol. in NaOH agq., 
forming purple solns. 

The sodium derivative of hydroxocobaltotris-(B-hydroxyethyl)amine (II; 
X = ONa) separated in brown plates of the dihydrate after saturation of 
20% NaOH aq. at 50° with the chloro-compound (above), heating for } hr. 
at 100°, filtering, and cooling (Found: Co, 20-5; Na, 8-2; N, 4-6; H,0, 
13-2. C,H,,O,NNaCo,2H,O requires Co, 20-9; Na, 82; N, 49; H,0, 
12-8%). This compound forms an alkaline soln. in H,O; on exposure to 
air it becomes black, and decomposes to Co,Q,. 

Ditris-(B-hydroxyethyl)aminonickel chloride, NiCl,,2N(CH,°CH,°OH),, was 
obtained as a blue cryst. ppt. on addition of EtOH to a mixture of NiCl, aq. 
(10 g. NiCl, in 20 c.c. H,O) and 20 c.c. of (I) (Found: Ni, 13-6; Cl, 16-6; 
N, 66. C,,Hj,O,N,CI,Ni requires Ni, 13-7; Cl, 16-6; N, 65%). The 
compound gives a blue soln. in H,O and green in NaOH aq. Boiling causes 
decomp. 

Tris-(B-hydroxyethyl)aminocupric hydrowide (IIL) was obtained in dark blue 
crystals as follows: Freshly pptd. moist Cu(OH), was dissolved to saturation 
in 50% aq. soln. of N(CH,°CH,°OH), and 9 vols. of acetone were added to 
the filtered soln. (Found: Cu, 25-8; N, 5-7. C,H,,0;NCu requires Cu, 
25-8; N, 5-7%). Attempts to form salts of the base (III) by adding 1 or 
2 equiv. of acid led only to basic cupric salts, and addition of NH, salts 
resulted in evolution of NH. 

Amminocupric Salts.—Addition of (III) (3 g. in 30 c.c. EtOH) to solns. of 
organic NH, salts (2 g. in 8 c.c. H,O) yielded the following cryst. ammino- 
cupric salts on addition of more EtOH or acetone. 

Diamminocupric thiocyanate, 2NH,;,Cu(SCN),, pale blue crystals (Found: 
Cu, 29:2; N, 26-0. Calc.: Cu, 29-8; N, 26-2%). 

Diamminocupric formate, 2NH,,Cu(HCO,),, dark blue needles (Found: 
Cu, 33-9; NH, 18-2. Requires: Cu, 33-9; NH, 18-1%). 

Diamminocupric succinate, 2NH,,CuC,H,0,,2H,O, purple needles (Found: 
Cu, 25-5; NH;, 13-6. Requires: Cu, 25-7; NH;, 13-8%). 

Triamminocupric maleate, 3NH,,CuC,H,0,,2H,O, purple needles (Found : 
Cu, 24:6; NH;, 19-1. Requires: Cu, 24-4; NH;, 193%). 

Diamminocupric fumarate, 2NH,,CuC,H,0,,H,O, dark blue needles (Found : 
Cu, 27-1; NH;, 15-2. Requires: Cu, 27:7; NH;, 14°8%). 

All the above ammino-salts are hydrolysed by H,O to basic cupric salts and 
NH;. 

TECHNICAL COLLEGE, BIRMINGHAM. [ Received, October 22nd, 1932.] 





434. The-Action of Ethylmagnesium Bromide on 
Thallous Chloride and on Thallous Ethoxide. 
By R. C. Menzies and Irene 8. Cope. 


THE action of the Grignard reagent on lead dichloride gives lead 
tetra-alkyls or tetra-aryls (Griittner and Krause, Ber., 1916, 49, 
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1420; Pfeiffer and Truskier, ibid., 1904, 37, 1127), half of the lead 
being reduced to the metal: 2PbCl, + 4RMgBr—> PbR, + Pb + 
4MgClBr. Mercury diphenyl and mercury are similarly formed 
from mercurous chloride and phenylmagnesium bromide (idem, 
ibid., p. 1126) : 2HgCl + 2MgPhBr —> HgPh, + Hg + 2MgCIBr. 

Meyer and Bertheim (Ber., 1904, 37, 2061), on the other hand, 
failed to alkylate thallous chloride by the action of magnesiumalky] 
halides, only thallium being isolated. Hein and Segitz (Z. anorg. 
Chem., 1924, 141, 224), using a lead anode, obtained Jead tetra- 
ethyl by the electrolysis of a solution of sodium ethyl in zine diethyl, 
and found later (ibid., 1927, 158, 162) that on using a thallium 
anode a darkening of the whole electrolyte, accompanied by a fall 
in the electrical resistance, rapidly took place. They suggested 
that the first action was formation of thallous ethyl, followed by 
that of thallium triethyl and the metal, 3TIEt —> TIEt, + 2TI,* 
the liberated metal accounting for the lowered resistance. They 
do not, however, record the isolation of any alkylated thallium 
compound. More recently, Groll (J. Amer. Chem. Soc., 1930, 52, 
3000) obtained thallium triethyl in small yield by direct action 
between ethyl chloride and alloys of thallium with sodium. 

We now find (Expt. I) that on heating 1 mol. of thallous chloride 
with an ethereal solution of ca. 2 mols. of ethylmagnesium bromide 
under reflux for 3 hours, spongy metallic thallium is obtained 
quantitatively; but if the heating is omitted (Expt. Il) 12-4% 
of the thallium is recovered as diethylthallium bromide, only 
28-1% being reduced to the metal. 

Thallous chloride is not soluble in organic solvents, and the 
reaction between it and the Grignard reagent is probably slow, 
thus subjecting the portion initially alkylated to the reducing 
action of excess of the reagent. We find that treatment of an 
ethereal solution of thallous ethoxide, which is miscible with ether 
in all proportions, with 2 equivs. of ethylmagnesium bromide 

* This reaction and the similar reactions of lead dialkyl and mercury 
monophenyl, which are probably the first products in the above actions, 
resemble the well-known behaviour of the monochloride of gold (Diemer, 
J. Amer. Chem. Soc., 1913, 35, 552) and indium (Nilson and Pettersen, 
Z. physikal. Chem., 1888, 2, 664) (3XCl —. XCl, + 2X), and that of cuprous 
sulphate (Cu,SO, —. CuSO, + Cu) (Recoura, Compt. rend., 1909, 148, 1105; 
Ann. Reports, 1909, 6, 47) and mercurous salts [e.g., 2HgOAc = Hg(OAc), 
+ Hg] (Garot, J. Pharm., 1826, 12, 457) under the influence of water. All 
the metals whose compounds undergo this type of change are easily reduced 
and also form co-ordinate compounds very readily, so that the energy given 
out by one atom in forming co-ordinate linkages may be available to reduce 
its neighbours to the metallic state. The change of type of compound 


suffering self reactions of this nature with change of metal is, however, difficult 
to explain. 
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(Expts. IV, V, and VI) leads to an immediate alkylation of 22— 
24% of the metal originally present in the ethoxide. Approximately 
half the thallium present was reduced to metal (Expt. V). The 
maximum possible alkylation according to the equations suggested 
is 33-°3%. A larger ratio of Grignard reagent (3:1, Expt. IX) 
does not lead to any increase in the proportion of the metal alkylated 
(22-2%), while a smaller ratio (1:1, Expts. VII and VIII) gives 
smaller proportions (6-8% and 8-9%). 

In all the cases where thallous chloride and ethoxide were used, 
the alkylated thallium was found before addition of water almost 
entirely dissolved in the ethereal solution, and little, if any, in the 
dark grey precipitates formed on addition of the thallous compound 
to the Grignard solution. With thallic chloride, however, direct 
conversion into the diethylthallium halide took place (Expt. X), 
the ethereal layer yielding only a negligible amount. 

Diethylthallium bromide is insoluble in ether, and is at once 
precipitated if the ethereal solutions in question are treated with 
aqueous acetic acid and sodium bromide. Thallium triethyl 
(Groll, loc. cit.), however, is soluble in ether. 

The observed facts and yields are satisfactorily explained if it 
be assumed that thallous chloride and ethylmagnesium bromide 
react according to the equation 3TICl + 3EtMgBr —> TIEt, + 
2Tl + 3MgBrCl, a reaction comparable with those of lead chloride 
and mercurous chloride (p. 2863). The thallium triethyl thus 
formed would remain dissolved in the ether. One of its three 
ethyl groups has been shown by Groll to be very reactive, so it 
would be converted by aqueous acetic acid into diethylthallium 
acetate and ethane, the sparingly soluble diethylthallium bromide 
being precipitated from the former by sodium ‘bromide by double 
decomposition. ! 

It also seems probable that the initial reaction between thallous 
ethoxide and ethylmagnesium bromide is double decomposition, 
with formation of thallous bromide, unchanged Grignard reagent 
then reacting with the newly formed, finely divided thallous bromide. 
The low yields of diethylthallium bromide obtained when only 
1 equiv. of ethylmagnesium bromide is taken support this view. 


EXPERIMENTAL. 


To allow for loss of EtBr and for incomplete dissolution of the Mg, these 
reagents were taken in 10% excess in each case. 

After the reaction, and decantation of the ether, the solid remaining con- 
sisted of a mixture of Tl, TICI (or T1Br), and TIEt,Cl (or TIEt,Br). The last 
dissolved on boiling with NH, aq. A smaller amount of TICl (or TIBr) also 
dissolved and was conveniently pptd. as T1,CrO,. (TIEt,),CrO, (Goddard, 
J., 1921, 119, 675) is not pptd., as it is readily sol. in H,O. 
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Expt. I. (TICl: Mg = 1:2). 27-3 G. of TIC] (0-114 mol.) were added in 
small portions to the solution obtained by dissolving 6 g. of Mg (0:25 mol.) 
in 27-2 g. of EtBr (0-25 mol.) in dry Et,0 at room temp. with vigorous stirring, 
and the mixture was refluxed on a water-bath for 3 hr. Only a negligible 
amount of TIEt,Br was obtained, The ppt. remaining (24 g.) was almost 
completely sol. in H,SO, aq. containing a trace of PtCl, (which greatly acceler- 
ates the dissolution of Tl in H,SO,). The Tl content of the TIC! originally 
taken is 23-3 g. 

Ezpt. II. The same materials and the same wts. were taken as in Expt. I, 
but after addition of the TIC] to the Et,O solution, the mixture was not heated, 
HOAc aq. and NaBr aq. being added to the ethereal layer after decantation 
from the dark grey solid. 4-3 G. of TIEt,Br were obtained from the ether; a 
further 0-5 g. was obtained from the grey solid by boiling it with NH, aq. and 
by the removal of univalent T! as Tl,CrO,. 

The total (4-8 g.) contains 2-88 g. of Tl, equiv. to 12-4% of that present 
in the TIC] taken. The solid insol. in NH, weighed, after drying, 15-65 g., 
of which 6-55 g. dissolved in boiling H,SO, aq. This is 28-1% of the total 
Tl taken. 

Expt. III. A repetition of Expt. II with 203-5 g. of TICI, stirred for 1 hr. 
at room temp. with the Grignard reagent (from 29-5 g. of Mg), gave a smaller 
percentage yield, 12-5 g. of crude TIEt,Br being obtained. The bromide 
was converted into the iodide by addition of KI to its aq. solution, and thence 
into the chloride by treatment with Ag,O in boiling H,O and addition of 
HCl to the filtered solution (Found: Cl, 11-9. Cale. for TIEt,Cl: Cl, 11-9%). 
Hot aq. solutions of all three halides, when cooled on a slide, gave microscopic 
pattern effects characteristic of lower TIAIk, halides (cf, for TiMe,I, Menzies, 
Nature, 1931, 128, 907). 

Expts. IV and V. (Tl:Mg= 1:2). In each of these expts., EtMgBr, 
prep. from 6 g. of Mg and 27-2 g. of EtBr (0-25 mol.), was added with vigorous 
stirring to an ice-cooled solution of 28-4 g. (0-114 mol.) of TIOEt in Et,O. 
In both cases, a white ppt. formed in the ethereal solution while it was being 
decanted from the dark grey ppt. formed on addition of the Grignard solution 
(i.e., after exposure of the ethereal solution to moist air). From the ethereal 
solutions and white ppts. were obtained : in IV, 8-75 g. of TIEt,Br (= 5-25 g. 
of Tl, or 22-6% of the total T1 originally taken), and in V, 10-9 g. of TIEt,I 
(= 5-71 g. of Tl, or 24-5% of the total). In neither case was any appreciable 
amount of TIEt, halide obtained by extracting the dark grey ppt. with hot 
dil. aq. NH,. 

In Expt. V, 11-8 g. of this grey ppt, dissolved in H,SO, aq., indicating 
that 50-7% of the Tl taken had been reduced to the metal. 

Expt. VI. The method and quantities used were the same as in Expts. IV 
and V, except that the TIOEt solution was run into the Grignard solution. 
This did not alter the yield, 10-25 g. of TIEt,I (= 5-38 g. of Tl) being 
obtained, an alkylation of 23-1% of the total metal taken. 

Expts. VII and VIII. (T1:Mg = 1:1). In Expt. VII, 5-3 g. of TIEt,Br 
(68%), and in VIII, 7-9 g, of TIEt,I (8-9% of the total Tl taken), were ob- 
tained from 56-8 g. (0-228 mol.) of TIOEt, 6 g. of Mg, and 27-2 g. (0-25 mol.) 
of EtBr. In Expt. VIII, 45-9 g. of TIBr (= 70-9% of the TI originally taken) 
were also obtained. The formation of this large amount of TIBr indicates 
that the immediate action of EtMgBr on TIOEt is a double decomp., with 
formation of TIBr. 
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Expt. IX. (Tl1:Mg = 1:3). From 0-25 mol. of EtMgBr and 18-9 g. 
(0-076 mol.) of TIOEt, 6-55 g. of TIEt,I (= 3-44 g. Tl) were obtained : hence 
22-2% of the Tl was ethylated. 

Expt. X. Comparative experiment with thallic chloride. 17-7 G. (0-057 mol.) 
of solid TIC], were added in small portions to 0-25 mol. of EtMgBr; 9-2 g. 
of TIEt,Br (= 47-5% of Tl taken) were extracted from the ppts. insol. in 
Et,0. 


JNIVERSITY, ‘ i eceived, November 2nd, 1932. 
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435. Trypanocidal Action and Chemical Constitution. 
Part XIV. The Relative Velocity of Oxidation of 
Arylarsenoxides. 


By Aaron Conen, Harotp Kine, and WIinirRep I. 
STRANGEWAYS. 


It is now generally accepted by workers in chemotherapy that when 
arsonic acids exert a therapeutic action in protozoal diseases a 
major part at least of this effect is due to a direct action of tervalent 
arsenoxides, formed in vivo, on the parasites (trypanosomes, 
spirochetes). The main reasons which have led to this conclusion 
are as follows. Ehrlich found that, whereas quinquevalent arsonic 
acids are relatively inactive in vitro on trypanosomes but active 
in vivo, tervalent arsenoxides are intensely active both in vitro and 
in vivo. Furthermore, strains of trypanosomes which have been 
rendered resistant to p-aminophenylarsonic acid by being subjected 
in their animal host to sub-lethal doses of this arsenical during 
frequent passages from host to host exhibit a resistance in vitro to 
the reduction product p-aminophenylarsenoxide, suggesting that 
in the mammalian body this oxide must play a predominating role 
(Roehl, Berl. klin. Woch., 1909, 494). Again, Terry (J. Exp. Med., 
1915, 21, 258) demonstrated that when p-aminophenylarsonic acid 
is incubated with whole blood a thermostable substance is formed 
which is toxic to trypanosomes. Finally, Voegtlin and Smith (J. 
Pharm. Exp. Ther., 1920, 15, 475), from a study of the rate of dis- 
appearance of trypanosomes from the blood-stream of rats after 
administration of an arsonic acid (phenylglycinearsonic acid) and 
an arsenoxide (3-amino-4-hydroxyphenylarsenoxide), found that 
the latter began to act immediately, whereas the former showed a 
latent period of some hours before the trypanosomes began to dis- 
appear. It is therefore clear that, if reduction of arsonic acids to 
arsenoxides is a process involved in the mechanism of the action of 
arsenicals, the well-established variation of therapeutic action from 
one arsonic acid to another is in part due to the different speeds of 
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reduction of these quinquevalent arsenicals. It is of prime importance 
that some method should be devised for marshalling arsonic acids 
according to their ease or difficulty of reduction to arsenoxides 
under environmental conditions comparable with the biological 
systems, with their characteristic restricted range of hydrogen- 
ion concentration. In the solution of this problem definite progress 
has been made along two different routes, namely, the determination 
of (a) the oxidation—reduction potentials of arsonic acids and (b) 
the velocity of oxidation of arsenoxides. 

If arsonic acid—arsenoxide forms a facile reversible system of the 
type of ferrous—ferric iron or quinone—quinol, it should be possible 
to determine the oxidation-reduction potential of such a system, 
as has been done for a series of dyes by Mansfield Clark and 
collaborators and for quinones by Conant and Fieser. It would 
then be practicable to arrange a series of arsonic acids in the order of 
their oxidation—reduction potentials, those of low reduction potential 
being more difficult to reduce than those of high reduction potential, 
the hydrogen electrode here being considered as of zero potential. 

In order to test this possibility, some years ago, Dr. Gough and 
one of the present authors examined the effect of adding a series of 
reduction potential indicators, such as those devised by Mansfield 
Clark, in the reduced form, to various arsonic acids in buffered 
solutions, the whole operation being carried out in a hydrogen 
atmosphere. In no case was the oxidised form of the indicator 
dye produced. This seemed to indicate either that the arsonic 
acid-arsenoxide system was not a reversible system like the quinone 
system, or that the arsonic acids tested had very low reduction 
potentials, outside the range covered by the indicator dyes. The 
former view seemed to us at that time to be the more probable. 
In the meantime Baranger (Thesis, Paris, 1931; Bull. Soc. chim., 
1932, 51, 203) has made an electrochemical study of arsonic acids, 
but could not determine their reduction potentials by the method 
of titration; that is to say, no facile equilibrium of oxidised and re- 
duced forms was obtained by approaching the system from the 
arsonic acid side with a reducing agent, or from the arsenoxide side 
with an oxidising agent. The method of mixtures did, however, 
appear to give definitely reproducible potentials, and of the 
logarithmic form required by theory. This method is, however, 
at present restricted in scope, since it is carried out at py 8-9,a degree 
of alkalinity only sufficient to dissolve arsenoxides containing a 
phenolic group. 

Another independent method of ranging arsonic acids would 
be a determination of their relative velocities of reduction with a 
common reducing agent. The experimental difficulties here are 
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very great; the choice of reducing agents is very limited and the 
reaction proceeds in a number of stages, viz., 


R-AsO,H, —> R-AsO —> RAs‘ AsR —-> R-AsH, 


The converse, however, is not open to the same objection, since 
if the arsenoxides were chosen they could only be oxidised to the 
arsonic acids. Here again the selection of a suitable oxidising 
agent, the proportion of which can be estimated quantitatively 
with time, raises difficulties which have been eventually overcome 
by the use of the optically active amino-acid cystine. This substance 
oxidises arsenoxides in alkaline solution to arsonic acids (Cohen, 
King, and Strangeways, J., 1931, 3048), the specific rotation for 
the mercury green line changing from about — 104° to — 3° at 
room temperature as cystine becomes reduced to cysteine : 


AH 8:CHyCH(NH,)-CO,H ow 


N + 
OH §-CH,°CH(NH,)-CO,H 
R-AsO, + 2SH-CH,°CH(NH,)-CO,H 
It has thus been possible to determine the bimolecular velocity 
constants of a series of arsenoxides, and so to arrange them in the 
order of their ease of oxidation. The assumption that the reverse 
order should correspond to the ease of reduction of the corresponding 
arsonic acids, we believe to be justified from the following consider- 
ations. If the reduction potential be determined for a series of 
quinones with various substituents, then a quinone which is reduced 
with difficulty, ¢.e., one of low reduction potential, will be the oxidised 
form of a quinol which is easily oxidised, and quinones more readily 
reduced will correspond to quinols which are less readily oxidised. 
In fact, in such facile reversible systems as can be represented on 
the quinone-quinol model the sequence of increasing ease of re- 
duction of the quinones is necessarily the sequence of decreasing 
ease of oxidation of the corresponding quinols. If, then, it be 
admitted that Baranger’s measurements of reduction potential 
justify the classification of the arsonic acid—arsenoxide system, with 
its admitted unique peculiarities, as belonging to the quinone- 
quinol type of reversible system, then, as a working hypothesis, 
environmental factors being ignored, it seems reasonable to assume 
that the increasing order of velocities of oxidation of a series of 
arsenoxides towards a common oxidising agent is the reverse of the 
order of the velocities of reduction of the corresponding arsonic 


acids. 


R-As 


Kinetic Measurements. 
Preliminary expts. on benzamide-p-arsenoxide and cystine having indicated 
the most suitable conen. of reactants and alkali for following the course of the 
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reaction, the following conditions were used throughout. Cystine (0120 g.; 
0-005 mol.) was dissolved in 265 c.c. of 0-2N-NaOH and, as a rule, the calc. 
mol. equiv. of the arylarsenoxide was similarly dissolved. When the di- 
chloroarsine was more readily available as a cryst. material, it was dissolved 
in the cale. amount of 0-5N-NaOH and the vol. made up to 25 c.c. with 
H,0, so that the final conen. of alkali was the same as in the expts. using free 
arsenoxides. Equal vols. of the clarified solutions were mixed at 20°, and 
rapidly transferred to a 4 dem. Schmidt and Haensch polarimeter tube, 
completely jacketed and maintained at 20° by H,O circulated from a thermo- 
stattank. Therotation(A = 5461 A.) of the mixture was observed at intervals, 
the values obtained were converted into sp. rotations on the basis of the original 
cystine content of the mixture, and the vel. constants were calculated from the 
bimolecular equation k = 2/at(a — x), in which z is the change in sp. rotation 
in the time ¢ (min.), and a, being proportional to the original cystine content, 
is the difference between the sp. rotations of cystine and cysteine. The stock 
of cystine had been repeatedly pptd. and had [a], — 103-7° (c = 0-24 in 
0-2N-NaOH) and a specimen of cysteine carefully prepared from this cystine 
had [a]%;, — 2:7°. Thus a = — 101 and = — 103-7 less the sp. rotation at 
time t. All the expts. were done in duplicate, some in triplicate, and control 
expts. on cystine in alkali showed that the rotation was unchanged for 3 hr., 
a period in excess of that over which observations were made in any expts. 

The results are in the following tables, two typical examples being recorded 
in full to show the variations observed in k. 





I. Phenylglycineamide-p-arsenoxide. Il, Phenol-p-arsenoxide. 
¢ (min.). 2a k x 10°. ¢ (min.). Le k x 105. 
6 15°15 29-11 5 8-4 17-98 
10 24-0 30°85 10 15-2 17°54 
15 31-3 29-64 20 24-0 15-43 
20 39-1 31-27 25 30°3 16-96 
25 43-3 29-72 30 35°5 17-89 
30 49-54 31-77 35 38-1 17°13 
40 54-74 29-30 40 40-67 16-69 
Mean 30-24 50 44-33 15°5 
60 48°5 15-24 
Mean 16-71 
TABLE A. 
k x 10° 
Substituent. a. b. Mean. Tol.* 
wo. | Re ie ae ie 38-52 38-56 38-54 125 
PCO'NH yg «i... seeecsseee 34°33 34-56 34-45 100 
eh athens en rhikb Sones 32-71 32-02 32°37 2°5 
p-NH-CH,-CO-NH, ... 30-24 30-65 30°45 200 
POMe i isi ccaiencseddiais 30-0 30-1 30-05 0-75 
eee 25-23 24-85 25-04 0-75 
SNE oi ack ons toe seers 22-48 22-77 22-62 20 
P BONA 6.2.5.....0..0 22-29 22-56 22-43 50 
3-NH,:4-OH_ ......... 19-58 20-22 19-9 100 
NS 16-68 16-71 16°7 20 
4-NHAc : 2-OH......... 2-17 2-17 2-17 100 
ER pei tive was dnceicsctchh 2-87 2:76 2-82 _— 


* No great accuracy is claimed for these values such as would be attained 
by the use of large numbers of mice, followed by a statistical treatment of 
the results. They are the max. doses tolerated by at least 4 out of 5 mice 
for 7 days, the drug being administered intravenously. 
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The variation of k with the constitution of the arsenoxide is shown in the 
Table A, in which the last col. shows the max. tolerated dose for mice, of 
the corresponding quinquevalent arsonic acid, expressed in mg. per 100 g. 
of mouse. The toxicities are proportional to the reciprocals of these figures. 


Discussion OF RESULTS. 

The oxidation of phenylarsenoxide to the arsonic acid, expressed 
electronically, consists in the co-ordination of an oxygen atom 
through the lone pair of electrons of the tervalent arsenic atom. 
If a substituent group X is present which attracts electrons and so 
lowers the electron pressure over the benzene nucleus, the effect will 
be transmitted to the arsenic atom, which will be restrained in co- 
ordinating oxygen, thus giving rise to a smaller velocity constant 
than for unsubstituted phenylarsenoxide. Conversely an electron- 
repelling group will enhance the tendency of the arsenic to add on 
oxygen, and this will be shown by a higher velocity constant. 

The same conclusions follow if we adopt Baranger’s quantitative 
electronic representation of the reduction of an arsonic acid, 
R:AsO** + 2e—>» R-AsO, where R:AsO** is a hypothetical bivalent 
kation of an arsonic acid. 

The most complete standard of reference of the inductive effect 
of substituent groups is that of the ionisation constants of m- and 
p-substituted benzoic acids as shown in the following table. 


Lonisation Constants of m- and p-Substituted Benzoic Acids.* 


NO,. CN. 80,-NH,. CO,H. Cl. OAc. 
py 2 -~ A  U 40:1 31 26 13 9:3 8-9 
SE. 2 OO 34-8 19-9 ve 29 15-5 13-1 
H. NHAc. Me. OMe. . OH. NH,. 

pes 4 ee 6-6 5:2 4:5 3-2 2-9 1-2 
WE aindveatesensatane 6-6 8-5 5-6 — 8-7 1-67 


* Compiled from the Landolt—Bornstein ‘‘ Tabellen”’; and Lucas and 
Valby, J. Amer. Chem. Soc., 1929, 51, 2718. 


With two exceptions the sequence of inductive effects of the sub- 
stituent groups is the same whether the substituent is in the p- 
or the m-position to the carboxyl group. For m- and p-substituted 
arsenoxides one would therefore expect that the higher the ionisation 
constant of the corresponding substituted benzoic acids, the slower 
the velocity of oxidation of the arsenoxide to the arsonic acid. 
Comparison of the two tables of velocity constants and ionisation 
constants shows that the groups SO,-NH,, CO,H, Cl, H, and NHAc 
follow the correct sequence in both tables, but OMe and particularly 
p-OH are anomalous. For these groups we are not able to offer any 
explanation. The result with p-OH is, however, in agreement with 
Baranger’s observation that phenol-p-arsonic acid is readily re- 
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duced. It should be emphasised that, whereas the inductive 
effects of different groups as determined by ionisation constants, 
dipole measurements, or reduction potential measurements of 
substituted quinones, are those of the normal molecule, the inductive 
effects as deduced from the velocity of oxidation of the arsenoxides 
are determined in an alkaline environment, where groups such as 
80,"NH,, CO,H, CO-NH,, and OH will exist to a greater or less 
extent as ionised forms conferring their own velocities of reaction. 
Such a possibility does not, however, overcome the anomaly of the 
p-substituted hydroxyl group. o-Phenolarsenoxide and 4-acet- 
amido-2-hydroxyphenylarsenoxide have very low velocities of 
oxidation and it seems probable that here steric factors intervene. 
There remains for consideration the bearing of these results on 
the biological properties of these substances. When primary 
arsonic acids are reduced to arsenoxides the toxicity to the mammal 
is increased manyfold. Since, moreover, arsonic acids must undergo 
reduction in mammalian tissues before they can manifest their 
curative action on the parasites present, it seems reasonable to 
assume that, other factors being the same, the toxicity of arsonic 
acids to the host may be a measure of the amount of reduction by 
the mammalian tissues. Other factors are not actually the same, 
since the arsenoxides corresponding to this series of acids, if directly 
administered, are not equal in toxicity. We should, however, 
expect to find some indication of correspondence between ease of 
reduction of arsonic acids and toxicity. Examination of the column 
showing the doses tolerated by mice, of a series of arsonic acids and 
that of the velocities of oxidation of the corresponding arsenoxides, 
in Table A, shows that there is no such relationship discernible 
between these properties. It seems probable that other factors 
intervene which mask the anticipated relationship in addition to 
the varying toxicities of the arsenoxides already mentioned. Of 
these other factors there is the rate of excretion, for it has been 
shown by Voegtlin and Thompson (J. Pharm. Exp. Ther., 1922, 20, 
91), in the case of certain p-substituted arsonic acids studied in the 
rat, that over 80% is excreted through the kidneys within 6 hours. 
The amount of an arsonic acid available for reduction in the tissues 
to the arsenoxide can thus be but a small fraction of the arsonic 
acid administered. Ehrlich, for instance, showed that phenol- 
p-arsenoxide was 173 times as toxic to mice as phenol-p-arsonic 
acid. If the whole of the toxicity of phenol-p-arsonic acid could be 
attributed to the fraction reduced to the arsenoxide by the 
mammalian tissues, the percentage reduction can only have been 
of the order of 05%. In such circumstances it is not surprising 
that the expected relationship between the velocity constants of 
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oxidation of the arsenoxides and the toxicities of the corresponding 
atsonic acids is not observed. Still less would one expect to find any 
relation between the ease of reduction of arsonic acids and their 
curative actions such as Baranger sought to find, since curative 
action is a toxicity to trypanosomes measurable only within the limits 
of non-toxicity of the arsenical to the mammalian host. Neither 
from toxicity for the mammal, nor from the curative action on an 
infection can we make any deduction as to the rate at which the 
compound is reduced in the tissues. This rate can, at best, be only 
one of many factors determining activity in either direction. 


NATIONAL INSTITUTE FoR MrepIcAL RESEARCH, 
HAMPSTEAD. [Received, August 30th, 1932.) 





436. The Action of Nitric Acid on the 1-Acyl-2: 3- 
diphenylindoles. 


By R. C. G. Fenneti and 8, G. P. PLant. 


Previous work (for references, see footnote, J., 1931, 93) has shown 
that, although the N-acyl derivatives of tetrahydrocarbazole 
(I; m= 2) and of dihydropentindole (I; m= 1) readily form 
products during nitration by the addition of 20H, or OH and NO,, 
to the double linkage, the tendency to form similar compounds is 
enormously diminished when the indole nucleus is contained in 
more complex polycyclic systems with four rings fused together. 
The present investigation was instituted to discover how far these 
additive reactions can be realised with the simple indole nucleus, 
and, to avoid substitution in the 3-position, the acyl derivatives 
of the readily accessible 2 : 3-diphenylindole (II) were selected for 
the purpose. 


CH 

\ ; ‘Ph 

(1.) | (CH,), is h (IL) 

CH v4 \ AP 
NH 2 NH 


In order to identify substitution products Fischer’s reaction has 
been applied to the m-nitrophenylhydrazone of phenyl benzyl 
ketone and a mixture of the two possible nitrodiphenylindoles has 
been obtained: 4(or 6)-nitro-2 : 3-diphenylindole, m. p. 227—228°, 
and 6(or 4)-nitro-2 : 3-diphenylindole, m. p. 205°. By a similar 
process 5-nitro-2 : 3-diphenylindole has been prepared, but it has 
not been possible to remove ammonia from the o-nitrophenylhydr- 
azone of phenyl benzyl ketone. - 

The action of nitric acid on 1-acetyl-2: 3-diphenylindole was 
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complex and yielded a number of products under different condi- 
tions. The simplest of these was 4(or 6)-nitro-l-acetyl-2 : 3-diphenyl- 
indole; and one of the most readily accessible was a substance, 
CypH,403N,, which is doubtless 15-nitro-16-hydroxy-15 : 16-dihydro- 
phenanthracarbazole (IIT), since, like the simpler nitric acid addition 
compounds previously described, it is colourless and melts with 
evolution of oxides of nitrogen. In boiling acetic acid, this product 
was converted into a red isomeric compound, which does not decom- 
pose on melting. 

Another colourless compound, C,9H,,0,N3, m. p. 170° (decomp.), 
isolated under other conditions, is probably the 9-nitroso-derivative 
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of (III). Two further products, C,,H,,0,N, and C,,H,,0,N;, have 
been characterised, and, like the simpler dihydroxy-addition com- 
pounds, they melt without decomposition. It is probable that 
these are a mononitro- and a dinitro-derivative respectively of 15 : 16- 
dihydroxy-15 : 16-dihydrophenanthracarbazole (IV). 

Since the formation of most of the above substances involves the 
removal of the acetyl group, it appeared probable that some of 
them would result from the nitration of other acyl, derivatives of 
2:3-diphenylindole. Preliminary experiments with the 1-benzoyl- 
and the 1-carbethory-compound showed that the simple 4(or 6)- 
nitro-derivatives were the main products under the conditions 
employed, but 1-cinnamoyl-2 : 3-diphenylindole has yielded not only 
its 4(or 6)-nitro-derivative but also the compound (III) and a small 
quantity of the nitroso-product, m. p. 170° (decomp.). The 
latter result strongly supports the structures advanced for the com- 
pounds derived from 1-acetyl-2 : 3-diphenylindole. 

Since the formation of these derivatives involves an additive 
reaction, hydrolysis of the acyl group, and production of the 
phenanthrene ring by oxidation, in unknown order, this field is 
clearly unsuitable for the study outlined at the beginning. 


EXPERIMENTAL. 


Benzoin (32 g.), PhNH, (48 g.), and PhNH,,HCI (20 g.) were heated under 
a fractionating column so that H,O and a very little PhNH, distilled. When 
H,0 ceased to be evolved (1 hr.), the mixture was stirred with dil. HCl until 
it solidified. The 2: 3-diphenylindole, after being washed with dil. HCl and 
4Z 
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with EtOH, crystallised from EtOH in colourless prisms (31 g.), m. p. 123° 
(cf. Japp and Murray, J., 1894, 65, 889). 

Its 1-acetyl derivative, obtained by shaking in acetone with conc. KOH ag. 
and AcCl, followed by dilution with H,O, separated from AcOH in almost 
colourless needles, m. p. 138° (Found: N, 4:6. C,,H,,ON requires N, 4-5%), 

5-Nitro-1-acetyl-2 : 3-diphenylindole.—p-Nitrophenylhydrazine (5 g.) and 
phenyl benzyl ketone (7 g.) were heated together at 135° for $ hr.; the 
hydrazone formed separated from EtOH in orange-red plates, m. p. 158—160° 
(Found: N, 12-7. C,,H,,0,N; requires N, 12-7%). <A solution of the latter 
(1 g.) in AcOH (25 c.c.) and cone. HCl (15 c.c.) was refluxed for 8 hr., diluted 
with H,O, and extracted with Et,0. The extract, after being shaken with 
dil. Na,CO, aq., was dried with CaCl, and evaporated; the residual 5-nitro- 
2 : 3-diphenylindole separated from AcOH containing a little H,O in golden. 
yellow plates, m. p. 211° (previous sintering). When this substance was 
acetylated by the method described above, 5-nitro-1-acetyl-2 : 3-diphenylindole 
was obtained; brownish-yellow plates, m. p. 158°, from EtOH (Found: 
C, 74:2; H, 4:4. C,,H,,0;N, requires C, 74-2; H, 4-5%). 

4(or 6)-Nitro- and 6(or 4)-Nitro-2 : 3-diphenylindole.—Prepared like the 
corresponding p-nitro-compound, the m-nitrophenylhydrazone of phenyl 
benzyl ketone separated from petroleum (b. p. 100—120°) in red needles, 
m. p. 157—158°. A solution of this hydrazone (2 g.) in AcOH (50 c.c.) and 
conc. HCl (30 c.c.) was boiled for 16 hr., and, when the product (m. p. 170— 
180°) which separated on cooling was crystallised from EtOH, 4(or 6)-nitro- 
2: 3-diphenylindole was obtained in golden-brown plates, m. p. 227—228° 
(Found: N, 8-6. C,.H,,0,N, requires N, 8-9%). The alc. mother-liquor 
from the crystn. of this compound yielded, on concn., a product, m. p. about 
180°; when twice recryst. from C,H,, this gave 6(or 4)-nitro-2 : 3-diphenylin- 
dole in yellow needles, m. p. 205° (Found: N, 9-0%), the 1-acetyl derivative 
of which formed yellow needles, m. p. 187°, from EtOH (Found: C, 741; 
H, 4:5%). 

The o-nitrophenylhydrazone of phenyl benzyl ketone, prepared like the 
p-nitro-compound, separated from much EtOH in red needles, m. p. 143° 
(Found: N, 12-5%). F 

Nitration of 1-Acetyl-2 : 3-diphenylindole—(A) When a solution of this 
compound (1-2 g.) in AcOH (5 c.c.) at 80° was treated with HNO, (0:3 g., 
d 1-5, in 1-5 c.c. AcOH) and allowed to cool, 4(or 6)-nitro-1-acetyl-2 : 3-diphenyl- 
indole, yellow needles, m. p. 210°, from EtOH, separated (Found: C, 74:3; 
H, 46%). The product was refluxed for } hr. with aq.-ale. KOH, and the 
4(or 6)-nitro-2 : 3-diphenylindole which separated on cooling (m. p. 228°, after 
crystn. from EtOH) was shown by mixed m. p. to be identical with the syn- 

thetical specimen. 

(B) When a solution of 1-acetyl-2 : 3-diphenylindole (10 g.) in AcOH (40 
c.c.) at 80° was treated with HNO, (2-5 c.c., d 1-5, in 7 c.c. AcOH) and then 
boiled for 5 min., oxides of N were evolved and 15-nitro-16-hydroxy-165 : 16- 
dihydrophenanthracarbazole (III) (3-5 g.), colourless needles, m. p. 262° (de- 
comp.), from acetone, separated (Found: C, 72-7, 72-9; H, 4:4, 4:2; N, 85. 
CyoH 4O,N, requires C, 72-7; H, 4-2; N, 85%). After the AcOH mother- 
liquor had been concentrated, a small amount of 4(or 6)-nitro-1-acetyl-2 : 3- 
diphenylindole (purified by crystn. from EtOH) was obtained. 

After a solution of the compound (III) (2 g.) in AcOH (70 c.c.) had been 
refluxed for 12 hr., H,O pptd. the isomeric ?-nitro-16-hydroxy-15 : 16-dihydro- 
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phenanthracarbazole, red prisms, m. p. 227°, from EtOH (Found: C, 72-6, 
72:2; H, 4:1, 4-1; N, 8-3%), a monoacetyl derivative of which crystallised 
from EtOH in yellow prisms, m. p. 175—176° (Found: C, 71:3; H, 41; 
N, 7:5. CygH,,O,N; requires C, 71-0; H, 4:3; N, 75%). 

(C) HNO, (2 g., d 1-5, in a little AcOH) was slowly stirred into a suspension 
of l-acetyl-2 : 3-diphenylindole (5 g.) in AcOH (30 c.c.), the temp. being 
maintained carefully at 50°. The clear cooled solution deposited after 12 hr. 
a small amount of 4(or 6)-nitro-l-acetyl-2 : 3-diphenylindole, m. p. 209° (after 
erystn. from EtOH). After a further 12 hr., a yellow product separated; on 
erystn. from acetone and then MeOH, this gave 15-nitro-9-nitroso-16-hydrozxy- 
15 : 16-dihydrophenanthracarbazole in colourless plates, m. p. 170° (decomp.) 
(Found: C, 66-7, 67-1; H, 3-6, 3-9; N, 11-9, 11-6. C9H,,0,N, requires 
C, 66-9; H, 3-6; N, 11-7%). The AcOH mother-liquor was then left for a 
further 24 hr., during which yellow crystals, m. p. 170—180°, were obtained. 
On erystn. twice from a relatively large volume of EtOH, these gave ?-nitro- 
15 : 16-dihydroxy-15 : 16-dihydrophenanthracarbazole in yellow needles, m. p. 
192° (Found: C, 69-3, 69-5; H, 4-0, 4:2; N, 8-2, 8-3. C,.9H,,0,N, requires 
C, 69-4; H, 4:0; N, 8-1%). The AcOH mother-liquor finally deposited after 
1—2 weeks a small quantity of a fluffy product, m. p. 170—190°; on crystn. 
from EtOH and then acetone, this gave ? ?-dinitro-15 : 16-dihydroxy-15 : 16- 
dihydrophenanthracarbazole in almost colourless needles, m. p. 215° (Found : 
C, 61-6, 61-6; H, 3-4, 3-5; N, 10-6, 10-5. C,,H,,0,N, requires C, 61-4; H, 
3:3; N, 10-7%). 

Nitration of 1-Benzoyl-2 : 3-diphenylindole-—The benzoyl compound, pre- 
pared in a similar way to the acetyl derivative, was a gum which crystallised 
only after extraction with Et,O and subsequent grinding with EtOH. It 
then separated from EtOH in lemon-yellow needles, m. p. 153° (Found : 
N, 3-5. C,,H,,ON requires N, 3-7%). A solution of the benzoyl compound 
(2 g.) in AcOH (10 c.c.) at 80° was treated with HNO, (0°8 g., d 1-5, in a little 
AcOH), and the mixture boiled for 5 min. On cooling and stirring, 4(or 6)- 
nitro-1-benzoyl-2 : 3-diphenylindole (1-2 g.), yellow needles, m. p. 215°, from 
acetone, was obtained (Found: N, 6-5. C,,H,,0,N, requires N, 6-7%). 
Hydrolysed under the same conditions as the acetyl compound, it gave 
(mixed m. p.) 4(or 6)-nitro-2 : 3-diphenylindole. 

Nitration of Ethyl 2 : 3-Diphenylindole-1-carboxylate.—Prepared in the same 
way as the benzoyl derivative, ethyl chloroformate being used, this ester 
separated from EtOH in colourless prisms, m. p. 110° (Found: N, 4-0. 
Cy,H,,0,N requires N, 4:1%). When it was nitrated under the conditions 
used for the benzoyl derivative, ethyl 4(or 6)-nitro-2 : 3-diphenylindole-1- 
carboxylate, yellow needles, m. p. 184°, from acetone, separated (Found : 
N, 7:3. C,;H,,0,N, requires N, 7-2%), the identity of which was established 
by hydrolysis to 4(or 6)-nitro-2 : 3-diphenylindole (mixed m. p.). 

The same nitro-derivative crystallised from the solution when the ester 
was treated in AcOH with fuming HNO, at 50° as described for the acetyl 
compound. 

Nitration of 1-Cinnamoyl-2 : 3-diphenylindole.—Prepared like the corres- 
ponding acetyl derivative, cinnamoyl chloride being used, this cinnamoyl 
compound separated from AcOH in yellow prisms, m, p. 192° (Found: C, 
87-1; H, 5-2; N, 3-5. C,,H,,ON requires C, 87-2; H, 5-3; N, 35%). 

After its solution in AcOH (2:5 g. in 60 ¢.c.) at 80° had been treated with 
HNO, (0-6 g., d 1-5 and boiled for 5 min., the substance (III) separated on 
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standing. The identity of the latter was established by conversion into the 
isomeric compound, m. p. 227°, as described above. 

A suspension of the cinnamoyl compound (1-5 g.) in AcOH (20 c.c.) at 50° 
was treated with HNO, (0-4 g., d 1-5, in 2 c.c. AcOH) and mechanically stirred 
for an hour, AcOH being added at intervals to replace that lost by evaporation. 
After a short time, 4(or 6)-nitro-l-cinnamoyl-2 : 3-diphenylindole, yellow 
needles, m. p. 254°, from xylene, separated (Found: N, 6-3. C,ygH,,0,N, 
requires N, 6-3%). The constitution of the latter was established by hydrolysis 
with aq.-ale, KOH to 4(or 6)-nitro-2 : 3-diphenylindole (mixed m. p.). When 
the AcOH mother-liquor was left for a further 2 days, a mixture containing 
a small quantity of colourless plates crystallised. The plates, removed by 
hand and washed, melted, alone or mixed with 15-nitro-9-nitroso-16-hydroxy- 
15 ; 16-dihydrophenanthracarbazole, at 165° (decomp.). 


The authors are grateful to Mr. F. C, Hall for carrying out the analyses. 


THe Dyson Perrins LABORATORY, 
OxrForRD. [Received, September 12th, 1932,] 





437. Derivatives of 1: 2:3: 4-Tetrahydroxybenzene, 
Part Il. 


By Witson Baker, A. W. W. Kirsy, and (Miss) L. V. 
MONTGOMERY. 


Two further methods for the preparation of 1 : 2 : 3 : 4-tetrahydroxy- 
benzene derivatives (see Baker and Smith, J., 1931, 2542) are now 
recorded. 

(1) The hydrolysis of 4-iodo- or 4-bromo-pyrogallol trimethyl 
ether (I; .X =I or Br). The former compound is conveniently 
prepared by iodination of pyrogallol trimethyl ether in presence of 
mercuric oxide, and the authors are grateful to Dr. H. Erdtman for 
permission to record ame Bente 
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The iodo-compound was hydrolysed by aqueous alkali, with or 
without copper powder, best at 210°; below 200° there was hardly 
any action, and above 250° much tar was produced. Replacement 
of the halogen atom by hydrogen and demethylation always 
occurred to some extent. From the product a high-boiling fraction 
was obtained which gave 1:2:3:4-tetramethoxybenzene on 
methylation. Less dehalogenation of the bromo-compound (I; 
X = Br) occurred, the best yield (about 35%) being obtained by 
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using aqueous potassium hydroxide without addition of copper 
powder. 4-Iodopyrogallol trimethyl ether, when heated with water 
and silver oxide at 245°, yielded pyrogallol. 

(2) When resorcyldialdehyde (Tiemann and Lewy, Ber., 1877, 
10, 2211) was oxidised in alkaline solution with hydrogen peroxide 
(Dakin, Amer. Chem. J., 1909, 42, 477) and then methylated, 
1:2:3:4-tetramethoxybenzene was obtained. The dialdehyde 
is therefore resorcinol-2 : 4-dialdehyde (II); it has not previously 
been oriented. Although freely soluble in alkaline solutions, it is 
resistant to methylation by methyl sulphate in aqueous alkali. 

2 : 4-Diaminoresorcinol dimethyl ether (III) could not be hydrolysed 
in aqueous solution to give 1 : 2: 3 : 4-tetrahydroxybenzene 1 : 3-di- 
methyl ether (compare hydrolysis of 3 : 5 diaminoveratrole; Chap- 
man, Perkin, and Robinson, J., 1927, 3015; Baker and Robinson, 
J., 1929, 156). Catechol dibenzyl ether on nitration gave 4-nitro- 
catechol dibenzyl ether, which could not be hydrolysed to 4-nitro- 
catechol 2-benzyl ether, nor could the corresponding 4-aminocatechol 
dibenzyl ether be oxidised to benzyloxy-p-benzoquinone (compare 
oxidation of 4-aminopyrogallol trimethyl ether; Baker and Smith, 
loc. cit.), and this quinone was not obtained by the oxidation of 
o-aminophenyl benzyl ether. 4-Nitro-2-benzyl-oxyanisole was 
hydrolysed at 150—200° by aqueous alkali, giving 4-nttrocatechol 
2-benzyl ether (IV) in poor yield. 


EXPERIMENTAL. 


4-Iodopyrogallol Trimethyl Ether (I; X = 1).—Into fused pyrogallol tri- 
methyl ether (33-6 g.) at 80°, I (52 g.) and HgO (26 g.) were stirred alternately 
in small portions so that the temp. remained at 80° without external heating. 
After 4 hr., the product was treated with C,H,, shaken with 20% KI aq. to 
remove traces of HglI,, dried, and distilled, finally under diminished press, 
4-Iodopyrogallol trimethyl ether (51 g.) distilled at 165°/19 mm.; it formed 
highly refracting prisms, m. p. 41—42°, from light petroleum (b. p. 40—60°) 
(Graebe and Suter, Annalen, 1905, 340, 230, record m. p. 40—41°). 

Hydrolysis. The ether (20 g.) was heated with alkali (NaOH, 24 g., in H,O, 
275 c.c.) and Cu bronze (6 g.) at 210° for 3 br. The solution was at once 
acidified, and Et,O then extracted an oil which, distilled at 13 mm., gave 
fractions, b. p. 125—140° (A), 140—146° (B), and 145—155° (C). Fraction 
(A) (7 g.) on methylation with Me,SO, and NaOH aq. yielded pyrogallol tri- 
methyl ether, m. p. 45—47° after crystn. from ligroin, and by prolonged distill- 
ation in steam and extraction of both distillate and residue with Et,O, it was 
separated into two almost equal fractions. That from the distillate consisted 


Jargely of pyrogallol 1 : 3-dimethyl ether, since by oxidation in EtOH with 


HNO, (d 1-2) (cf. Will, Ber., 1888, 21, 608) it gave a quinone reducible in aq. 
suspension by SO, to 2: 6-dimethoxyquinol, m. p. and mixed m. p. 159°. 
The non-volatile product contained much pyrogallol 1-methyl ether, since 
after treatment with methylene sulphate and alkali (see Baker, Montgomery, 
and Smith, this vol., p. 1282) in dilute acetone, steam-distillation yielded 
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|-methoxy-2 : 3-methylenedioxybenzene, m. p. 41°. Fraction (B) (1-4 g,) 
when methylated yielded a mixture, m. p. 35—75°, of pyrogallol trimethyl] 
ether and 1: 2:3: 4-tetramethoxybenzene. Fraction (C) (3-3 g.), which wag 
very viscous and cloudy, similarly gave almost homogeneous | : 2 : 3 : 4-tetra- 
methoxybenzene, m. p. 88—89° after crystn. from ligroin (Found: C, 60-6; 
H, 7-0. Cale. for C\>H,,0,: C, 60-6; H,7-1%). This fraction contained, in 
addition to partly methylated tetrahydroxybenzenes, a trace of pyrogallol 
l-methyl ether, since on methylenation, followed by steam-distillation, it 
gave a small yield of 1-methoxy-2 : 3-methylenedioxybenzene. 

By heating 4-iodopyrogallol trimethyl ether (20 g.) with freshly pptd. 
Ag,O (17 g.) and H,O (500 c.c.) for 3 hr. at 245° and proceeding as above, the 
only product obtained was pyrogallol (7-5 g.; b. p. 165—172°/13 mm.), m. p. 
132° after crystn. from CHCl). 

Hydrolysis of 4-Bromopyrogallol Trimethyl Ether.—The ether (70 g.; b. p. 
260—265°; Kohn and Griin, Monatsh., 1925, 46, 85; yield 68%) was heated 
with KOH (140 g.) in H,O (560 c.c.) for 14 hr. at 210—215°. The product, 
isolated as previously described, yielded fractions (A) and (B) (8 g.), and a 
fraction (C) (19 g.) which gave | : 2 : 3 : 4-tetramethoxybenzene on methylation. 

Resorcinol-2 : 4-dialdehyde (I1).—-The method described by Tiemann and 
Lewy (loc. cit.; yield not recorded) could not be successfully repeated. The 
following method gives consistent but poor yields. Resorcinol (15 g.) in 20% 
NaOH aq. (1200 c.c.) was gently warmed and treated during 8 hr. with CHCl, 
(240 g.), the mixture refluxed for 26 hr., dil. H,SO, added, and the dialdehyde 
distilled in steam; it separated from the distillate as a voluminous mass 
of white needles (0-85 g.), m. p. 127°. 

1:2:3: 4-Tetramethoxybenzene.—Resorcinoldialdehyde (1 g.) in N-NaOH 
(12-5 ¢c.c.) was treated with 3% H,O, (17-1 c.c.) in coal gas. Rise of temp. 
occurred and after 4 hr. 2N-NaOH (30 c.c.) and Me,SO, (3-5 g.) were added 
and the mixture was warmed at 60° for 5 min. The crystals deposited on 
cooling separated from ligroin (b. p. 40—60°) in colourless prisms, m. p. 
86—87° (mixed m. p. with 1 : 2: 3 : 4-tetramethoxybenzene, 87—88°). 

2-Nitroresorcinol Dimethyl Ether.—Me,SO, (122 g.) was added during 4 hr. 
to a stirred solution of 2-nitroresorcinol (50 g.) (Kauffmann and de Pay, Ber., 
1904, 37, 725) in 10% NaOH aq. (1100 c.c.) at 60—70°, the almost pure sub- 
stance separating in 80% yield. It formed pale yellow needles, m. p. 130°, 
from EtOH (see Baeyer, Annalen, 1909, 372, 125). 

2: 4-Dinitroresorcinol Dimethyl Ether.—2-Nitroresorcinol dimethyl ether 
(40 g.) was slowly added to a mixture of HNO, (20 ¢.c.; d 1-42) and HNO, 
(30 c.c.; d 1-5) kept at — 5°, and the product poured on ice. The solid 
separated from CCl, in pale yellow crystals (30 g.), m. p. 71—72° (cf. Kauff- 
mann and Franck, Ber., 1907, 40, 4003). 

2:4-Diaminoresorcinol Dimethyl Ether.—The dinitro-ether (10 g.) was 
warmed for } hr. with conc. HCl (100 c.c.), H,O (40 c.c.), and Sn (60 g.), the 
solution evaporated to dryness in CO, under diminished press., the Sn pptd. 
as sulphide, and the dihydrochloride obtained by evapn. as before. It formed 
an almost colourless cryst. crust (7-2 g.), m. p. about 210° (decomp.) (Found :” 
N, 11-2; Cl, 28-2. C,H,,0,N,,2HCi requires N, 11-6; Cl, 29-4%), rapidly 
darkened in aq. solution, and could not be converted into a cryst. base. 

Catechol Dibenzyl Ether.—Catechol (60 g.), anhydrous K,CO, (220 g.), and 
dry acetone (240 c.c.) were refluxed for 24 hr. while Ph-CH,Cl (190 g.) was 
slowly added, and then for a further 70 hr. and poured into H,O. The oily 
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product was taken up in Et,O and steam-distilled till no more Ph-CH,’OH came 
over; the residual catechol dibenzyl ether solidified on cooling and crystal- 
lied from EtOH in pale yellow prisms (50 g.), m. p. 63—64° (cf. Schiff and 
Pellizzari, Annalen, 1883, 221, 378). 

4-Nitrocatechol Dibenzyl Ether.—Schiff and Pellizzari (loc. cit.) observed 
that catechol dibenzyl ether and HNO, gave a solid, m. p. 98°, but it was not 
investigated. To the ether (5 g.) in AcOH (25 c.c.) was gradually added 
HNO, (5 c.c.; d 1-42) in AcOH (25 e.c.). After 1 hr. the product was pptd. 
by H,O and crystallised from EtOH, forming fine, very pale yellow needles 
(4:8 g.), m. p. 98° (Found: N, 4:2. Calc. for C.5H,,0,N: N, 4:2%). 

Hydrolysis for 14 hr. with conc. HCl in AcOH (1: 2) and isolation of the 
phenolic product yielded 4-nitrocatechol as yellow needles (from C,H,), m. p. 
174°, which was converted by Me,SO, into 4-nitroveratrole, m. p. and mixed 
m. p. 95—96°. 

4-Aminocatechol Dibenzyl Ether.—4-Nitrocatechol dibenzyl ether (5 g.) in 
EtOH (150 c.c.) and Na,S,0, (20 g.) in H,O (100 c.c.) were heated on the water- 
bath for 14 hr., the EtOH was distilled, and the amino-compound (4:2 g.) 
pptd. by H,O (200 c.c.). Cryst. from EtOH aq. and then ligroin (b. p. 60— 
80°), it formed colourless leaflets, m. p. 112° (Found: N, 4:5. C,,H,,0,N 
requires N, 46%). The acetyl derivative separated from much hot H,O in 
flaky crystals, m. p. 228° (decomp.) (Found: N, 3-8. CO, ,H,,0;N requires 


‘N, 40%). 


o-Nitrophenyl Benzyl Ether.—o-Nitrophenol (50 g.) in EtOH (200 c.c.) was 
added to Na (16-5 g.) dissolved in EtOH (250 c.c.), and Ph-CH,Cl (90 g.) was 
gradually added to the stirred mixture, which was heated on the water-bath 
for 12 hr. Excess of dil. HCl was added, o-nitrophenol distilled in steam, and 
the product extracted with Et,0; the extracts after shaking with NaOH aq. 
yielded a residue, m. p. 24—-28°, which, recryst. from ligroin, gave pure o-nitro- 
phenyl benzyl ether, m. p. 29° (cf. Kumpf, Annalen, 1884, 224, 121; Sieglitz 
and Koch, Ber., 1925, 58, 78). 

0-Aminophenyl Benzyl Ether.—The reduction of o-nitrophenyl benzyl ether 
by means of ammonium sulphide (Sieglitz and Koch, loc. cit.) is tedious and the 
yields are very poor. To o-nitrophenyl benzyl ether (10 g.) in EtOH (200 c.c.) 
was added Na,S,O, (35 g.) in water (150 c.c.) with shaking and warming, 
and the mixture heated gently for 14 hr. The EtOH was distilled off, the 
solution made alkaline and cooled to 0°, and the amino-compound collected 
and recrystallised from ligroin (b. p. 60—80°), forming colourless flakes (5 g.), 
m. p. 38—39°. 

4-Nitrocatechol 2-Benzyl Ether (IV).—4-Nitro-2-benzyloxyanisole (1 g.) 
(Allan and Robinson, J., 1926, 382) and 10% KOH aq. (20 c.c.) were heated 
for 12 hr. first at 150°, then at 200°. H,O was now added, the filtered solution 
acidified at 0°, and the solid crystallised from ligroin (b. p. 60—80°), forming 
very pale yellow prisms, m. p. 83—85° (Found: N, 5-7. C,,H,,0,N requires 
N, 5-7%). 


THe Dyson Prerrins LABORATORY, 
OXFORD. [ Received, October 18th, 1932.] 
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438. p-Phenoxyphenyldichlorophosphine. 
By W. Cutz Davies and Con J. O. R. Morris. 


No phosphorus-containing derivatives of diphenyl ether have 
hitherto been obtained, but p-phenoryphenyldichlorophosphine has 
now been prepared by the condensation of phosphorus trichloride 
with diphenyl] ether in the presence of aluminium chloride. 

The orientation of the product was established by two methods. 
(1) T'ri-p-phenoxyphenylphosphine was prepared from phosphorus 
trichloride and p-phenoxyphenylmagnesium bromide and converted 
into tri-p-phenoxyphenylmethylphosphonium iodide: this was iden- 
tical with the methiodide of the tertiary phosphine obtained from 
the phenoxyphenyldichlorophosphine and p-phenoxyphenylmagnes- 
ium bromide. 

(2) A modification of Michaelis’s bromination method (Annalen, 
1896, 293, 224) was employed to determine the position of the 
PO(OH), group in the phosphonic acid derived from the dichloro- 
phosphine. Bromine attacked the p-position of the nucleus A 
more readily than it eliminated the phosphorus-containing group 
from the p’-position of the nucleus B, giving p-bromo-p’-phosphono- 
diphenyl ether, which by treatment with bromine and water at 160° 


(4 >-0-< 2 SPOOR), mn”. Br S0-< __>PO(OH), 


was converted into pp’-dibromodiphenyl ether. With this method 
of orientation there is a possibility of the phosphonic acid group 
being eliminated by heat (cf. Michaelis, loc. cit., p.207), with pro- 
duction of diphenyl ether, which would on __ bromination yield 
pp’ -dibromodipheny] ether. 

The absence of o- and m-phenoxyphenyldichlorophosphines in 
the product of the condensation of phosphorus trichloride with 
diphenyl ether is shown by the homogeneity of the resulting com- 
pound and of its derivatives. Moreover, there does not appear to 
be any tendency for PCl, groups to enter both nuclei simultaneously. 
The exclusive p-direction of the entering group by phenoxy] is in 
full accord with the theories of aromatic substitution described by 
Lea and Robinson (J., 1926, 411) and Lapworth and Robinson 
(Mem. Manchester Phil. Soc., 1927, 72, 43). 


EXPERIMENTAL. 
The methods of Davies and Davies (J., 1931, 1207) for the estimation of P 
have been used throughout. 
All thermometer readings are corrected. 
p-Phenoxyphenyldichlorophosphine.—A mixture of 170 g. of Ph,O, 137 g. of 
PCI,, and 20 g. of AICI, was refluxed for 36 hr., and the product distilled up to 
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207°/12 mm. Fractional redistillation under reduced press. gave PCl,, Ph,O, 
and the dichlorophosphine, which was redistilled (yield, 37 g.). p-Phenozy- 
phenyldichlorophosphine is a colourless oily liquid which fumes slightly in the 
air and has a characteristic odour; b. p. 200°/12 mm.; dj” 1-3122 (vac.) 
(Found: C, 52:8; H, 3-1; P, 11-5. C,,H,OCI,P requires C, 53-1; H, 3-3; 
P, 114%). It is miscible with Et,O, but is decomposed by H,O and EtOH. 
At 270° in an inert atmosphere, HCl is slowly evolved, leaving a thick gum. 
Boiling pyridine also removes HCl. 

p-Phenoxyphenyldichlorophosphine dichloride was obtained in quant. 
yield as a yellow, extremely hygroscopic, cryst. solid by passing a slow current 
of dry Cl over a thin layer of the well-cooled dichlorophosphine. On account 
of the difficulty of purification it was not analysed. Its composition follows 
from its mode of prepn. and from the product which it yields with H,O. 

When the solid dichloride was added gradually to H,O, an oil separated. 
The mixture was boiled and allowed to cool; the oil then solidified to a cryst. 
mass of p-phenoxyphenylphosphonic acid monohydrate, which was recrystallised 
from AcOH, forming lustrous plates, m. p. 185°, almost insol. in H,O, C,H,, 
light petroleum, and CCl,, but sol. in EtOH (Found: C, 53-7; H, 4:7; P, 
11-4; H,O, 7-2; equiv., 134-6. C,,H,,0,P requires C, 53-7; H, 4:9; P, 11-6; 
H,0, 67%; M, 268). The H,O content was determined by heating the acid 
in vac. for 4 hr. at 169°. At a bigher temp., ¢.g., at 180°, a more profound 
change took place, about 14 mol. of water were lost, and when cold the product 
was a glassy solid. The equiv. of the acid was obtained by dissolving a 
weighed quantity in NaOH aq. and titrating the excess of alkali with succinic 
acid and phenolphthalein. 

Action of Bromine on p-Phenoxyphenylphosphonic Acid Monohydrate.—The 
acid (2-68 g.), suspended in .10 c.c. of CCl,, was heated with 1-6 g. of Br for 
1 hr., the solvent expelled, and the residue extracted with hot AcOH, from 
which p-bromo-p’-phosphonodiphenyl ether crystallised in colourless lustrous 
plates (1-8 g.), m. p. 209°, almost insol. in H,O, Et,0, C,H,, and CCl,, but sol. 
in EtOH (Found: P, 9-6; equiv., 161. ©C,,H,,0,BrP requires P, 94%; 
M, 329). 

1-16 G. of the bromo-acid, 0-54 g. of Br, and 1 g. of H,O were heated in a 
sealed tube at 160° for 8 hr. CCl, then extracted 1-5 c.c. of a liquid, which was 
fractionally distilled under reduced press. A middle fraction (1 ¢.c.), which 
slowly solidified, was crystallised repeatedly from EtOH; it then had m. p. 
58°, and 58-5° in admixture with pp’-dibromodipheny] ether. 

pp’-Diphenoxydiphenyl.—In preps. involving the use of p-phenoxyphenyl- 
magnesium bromide, there was obtained, as a product of the synthetic action 
of the Mg on p-bromodiphenyl ether, pp’-diphenorydiphenyl, which was pre- 
pared in quantity as follows: The Grignard solution prepared from 83 g. of 
p-bromodipheny] ether (and a little EtBr), 8 g. of Mg, and 100 c.c. of Et,O was 
rapidly added to a well-stirred suspension of 63 g. (equiv. quantity) of dry 
AgBr in a mixture of 100 c.c. of Et,O and 100 c.c. of C,H,, and the whole 
refluxed for 3 hr. The Et,O and C,H, were expelled, the residue was treated 
with 500 c.c. of N-HCl, and the liquid filtered. The residue on the filter was 
extracted with boiling EtOH, which removed 18 g. of pp’-diphenoxydipheny] ; 
light colourless needles, m. p. 150°, after recrystn. from boiling EtOH or light 
petroleum (Found: C, 84-9; H, 5-4. C,,H,,0, requires C, 85-2; H, 5-4%), 
sol. in cold C,H, or CHCl,, slightly sol. in cold EtOH, OCl,, CS, and light 
petroleum, but sol. in the hot solvents. 
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Mercury Bis-p-diphenyl Ether.—34 G. of HgCl, were added in small portions 
to a filtered Grignard solution (83 g. of p-bromodipheny] ether, 8 g. of Mg, and 
250 c.c. of Et,O), the mixture was boiled for 4 hr., and after 12 hr. the Et,0 
was expelled and the residue treated with 300 c.c. of 2N-HCl. The liquid was 
decanted, and the solid repeatedly extracted with boiling CgH,. The extract 
on cooling gave 16 g. of mercury bis-p-diphenyl ether, colourless minute crystals, 
m. p. 192° after two crystns.; sol. in hot CHCl, and hot C,H,, insol. in H,0, 
Et,0, and EtOH (Found: Hg, 37-6. C,,H,,0,Hg requires Hg, 37-2%). 
pp’-Diphenoxydiphenyl, which is also formed, remains in the C,H, solution. 

p-Phenoxyphenyldimethylphosphine.—A solution of 35-5 g. of MeI in 100 c.e. 
of absolute Et,0, together with a trace of I, was stirred during 2 hr. into 6 g. 
of Mg and 100 c.c. of Et,O in an apparatus through which a current of H was 
passing. A solution of 17 g. of p-phenoxyphenyldichlorophosphine in 50 c.c. 
of Et,0 was added drop by drop to the well-cooled Grignard reagent, the 
mixture warmed for } hr., again cooled, and treated with NH,Cl aq. The 
ethereal solution was dried over anhyd. Na,SO,, the Et,0 removed, the residue 
fractionally distilled under reduced press., and the phosphine fraction redis- 
tilled. p-Phenoxyphenyldimethylphosphine (7-5 g.) had b. p. 183°/13 mm, and 
d®" 1-1037 (vac.) (Found: C, 72-4; H, 6-7; M, 222-1. C,,H,,OP requires 
C, 73-0; H, 66%; M, 230-1). It has a limited miscibility with EtOH at 15°. 

p-Phenoxyphenyltrimethylphosphonium iodide, prepared from the phosphine 
and Mel in Et,O and recryst. from EtOH, formed colourless rods, m. p. 242° 
(Found : I, 34-0. C,,;H,,OIP requires I, 34-1%). A solution of the hydroxide, 
prepared from an aq. solution of the methiodide and Ag,O, had an alkaline 
reaction and pptd. the difficulty sol. metallic hydroxides from solutions of 
their salts. 

p-Phenoxyphenyltrimethylphosphonium chloroplatinate [Found: Cl, 23-2. 
(PhO-C,H,:PMe,),PtCl, requires Cl, 23-7%] was pptd. as orange crystals, 
m. p. 226° (recryst. from much H,O or EtOH), when H,PtCl, aq. was added to 
a boiling HCl solution of the phosphonium hydroxide. 

p-Phenoxyphenyldiethylphosphine (8-6 g.) was prepared by adding 17 g. of 
p-phenoxyphenyldichlorophosphine to EtMgBr, obtained from 27-6 g. of EtBr 
and 6 g. of Mg; b. p. 208°/13 mm., d?" 1-0711 (vac.) (Foynd : ©, 74-0; H, 7-4; 
P, 11-9; M, 244. C,,H,,OP requires C, 74-4; H, 7-4; P, 120%; M, 258-2). 
p-Phenoxyphenylmethyldiethylphosphonium iodide, m. p. 163°, crystallises as 
flat rectangular plates from a hot conc. solution in EtOH (Found: I, 31-7. 
C,,H,,OIP requires I, 31:7%). The phosphonium chloroplatinate, m. p. 222° 
(Found: Cl, 21-7. C,,H,,0,Cl,P,Pt requires Cl, 22-3%), was almost insol. 
in H,O and EtOH. 

p-Phenoxyphenyldi-n-propylphosphine had b. p. 218°/13 mm.; 4?" 1-0562 
(vac.) (Found: C, 75-1; H, 84; M, 291-6. ©,,H,,OP requires C, 75°5; 
H, 81%; M, 286-2). The methiodide formed octahedral crystals, m. p. 126° 
(Found : I, 29-7. C,,H,,OIP requires I, 29-6%), from a hot conc. solution in 
EtOH. p-Phenoryphenylmethyldi-n-propylphosphonium chloroplatinate, m. Pp. 
221—222° (Found: Cl, 20-1. C,,H,,0,Cl,P,Pt requires Cl, 21-1%), was 4 
buff-coloured ppt. insol. in H,O and in EtOH. 

p-Phenoxyphenyldi-n-butylphosphine was prepared by adding 17 g. of 
p-phenoxyphenyldichlorophosphine to the Grignard solution obtained from 
34-3 g. of BuBr and 6 g. of Mg (yield, 7 g.); b. p. 235°/13 mm.; d? 1-0310 
(vac.). (Found: C, 76-0; H, 8-7; M, 293-7. C,,H,,OP requires C, 76-4; 
H, 8-7%; M, 314-2). When ethereal solutions of its generators were mixed, 
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p-phenoxyphenylmethyldi-n-butylphosphonium iodide separated as an oil which 
rapidly crystallised. Recryst. from EtOH, it formed colourless rods, m. p. 
227° (Found: I, 28-1. C,,H,,OIP requires I, 27-8%). The corresponding 
chloroplatinate was an insol. buff-coloured ppt., m. p. 225° (Found; Cl, 19-4. 
Cy2H¢90,Cl,P,Pt requires Cl, 19-9%). 

Tri-p-phenoxyphenylphosphine.—(A) This was obtained, together with some 
pp’-diphenoxydiphenyl, as an oil when 17 g. of p-phenoxyphenyldichloro- 
phosphine were added to p-phenoxyphenylmagnesium bromide prepared from 
83 g. of p-bromodipheny] ether and 8 g. of Mg. The oil was obtained solid by 
pressing the semi-solid substance, obtained by pptn. of the C,H, solution of the 
oil with hot EtOH, on a porous plate; recryst. from C,H,—-EtOH, it formed 
shining plates, m. p. 111° (Found: C, 79-7; H, 5-1; P, 6-1. C,,H,,O,P 
requires C, 80-3; H, 5-1; P, 58%). Tri-p-phenoxyphenylmethylphosphonium 
iodide separated as a solid, m. p. 115° to a cloudy liquid (Found: I, 18-7. 
C,,H,,OIP requires I, 18-7%), when dil. ethereal solutions of its generators 
were mixed. Attempts to recrystallise it were unsuccessful. 

(B) The semi-solid mass obtained when 13-8 g. of PCl, were added to a 
Grignard solution prepared from 124-5 g. of p-bromodipheny] ether and 12 g. 
of Mg could not be purified, but yielded a solid methiodide (Found : I, 18-7%), 
m. p. and mixed m. p. with (A), 115° to a cloudy liquid. 

Attempted Synthesis of Arylphosphonic Acids.—Attempts to prepare such 
acids from diazo-solutions and phosphorous acid were unsuccessful. 
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439. The Dismutation of Some Disulphides. Part II. 
By J. L. D’Stuva and E. W. McCiExranp. 


Ir was suggested (Part I; J., 1930, 1095) that the presence of the 
complex O—({C),—S~— in a disulphide tends to decrease the stability 
of the S-S link and favours dismutation. Consequently 2: 2’- 
dithiobenzoic acid should exist in equilibrium with the sulphenic 
anhydride (I) and 2-thiolbenzoic acid under certain conditions. 
By analogy with phthalic anhydride the dismutation product (I) 
should yield a methylene compound (II) with acetic anhydride and 
potassium acetate; accordingly the interaction of 2 : 2’-dithio- 
benzoic acid with these reactants has now been investigated. The 
products isolated were 3-hydroxy-2-acetyl-l-thionaphthen (III; 
R = Ac) and an oil, evidently 3-acetoxy-1-thionaphthen, since it 
gave the characteristic reactions of this compound (compare 
McClelland and D’Silva, J., 1931, 2972). As these thionaphthens 
may be readily converted into thioindigotin, the foregoing process 
constitutes a new synthesis of this dye. 

2 : 2’-Dithiobenzoic acid reacts also with propionic anhydride and 
sodium propionate. Here the only product isolated was 3-propion- 
oxy-2-methyl-1-thionaphthen. 
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.The formation of hydroxythionaphthens from 2 : 2’-dithiobenzoic 
acid in this way is accounted for by the intramolecular rearrange- 
ment (6), which is essentially of the same type as the dismutation (a) 
of the original disulphide and analogous to the rearrangement of 
alkylidenephthalides to diketohydrindenes (Ber., 1893, 26, 951, 
2576; compare sie Ber., 1896, 29, 2931; Claisen and Haase, 


(a) S SH 
Oa On H, = CH SO+ Coa 
on co CO,H 
gH 





S a 
‘* HC —CcoO, | 
C,H < SOR'< Re | — 
au.) OH wii | R: i om 


Ber., 1903, 36, 3674; Bulow and Deseniss, Ber., 1904, 37, 4379 for 
similar rearrangements). The course of the reaction appears to be 
determined by the increasing stability of the bonds in the series 
S-S, 8-0, 8-C, which increases in the order given. Since the produc- 
tion of the methylene compound (II) is dependent on the initial 
dismutation of the disulphide, the formation of hydroxythio- 
naphthens supports the dismutation hypothesis. 

The interaction of 2: 2’-dithiobenzamide with acetic anhydride 
and potassium acetate was next investigated. The products were 
identical with those obtained when 2-keto-1 : 2-dihydrobenziso- 
thiazole (IV) was treated with these reagents, namely, 3-acetoxy-1- 
thionaphthen, 3-hydroxy-2-acetyl-1-thionaphthen, and the com- 
pound to which the formula (V; R, R’ = H) was assigned (McClel- 
land, J., 1929, 1588). 2:2’-Dithiobenzamide also reacts with 
propionic anhydride and sodium propionate. Here the only product 
isolated was 3-propionoxy-2-methyl-l-thionaphthen, which, as 
previously shown (McClelland and D’Silva, loc. cit.), is also obtained 
by condensing 2-keto-1 : 2-dihydrobenzisothiazole (IV) with these 
reagents. These results indicate that 2 : 2’-dithiobenzamide under- 
goes dismutation to 2-keto-] : 2-dihydrobenzisothiazole (IV) and 
2-thiolbenzamide as shown (c) and affords an explanation of the fact 
that this amide on oxidation gives saccharin. 

Since the methylene compound (II) undergoes intramolecular 
rearrangement, it was evident that the analogous compound to 
which the structure (V) had previously been assigned (McClelland, 
loc. cit.) might have the isomeric structure (V1) as a result of a similar 
intramolecular rearrangement. The structure (VI; R, R’ = H) 
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has been assigned to the product obtained by isomerisation of 
o-cyanophenylthioglycollic acid and subsequent treatment (Fried- 
lander and Laske, Annalen, 1907, 351, 419), and the more recent 
synthesis from 3-nitro-l-thionaphthen (Fries and Hemmecke, 


s—i—s a SH 
CHA HN'H TSG H, == C,Hy sing NH + C,H, 
Co” “co” \CO-NH 
CONE, 03 2 
ee 
S iis —-N-CO-CH,R 


N-CO-CH,R | —> C,H, <3 VCH! (v.) 


Co 


R’-C-CO,H @ 

F a 
(VIL) C,H Ko CHR’ <— Cy HK por’ (vr) 
NH-CO-CH,R 


Annalen, 1929, 470, 1) leaves no doubt as to its structure. Com- 
parison of our material with that from these sources established their 
identity. Thus the methylene compound (V) undergoes an intra- 
molecular rearrangement (d) analogous to the dismutation (c) of the 
original disulphide, the course of the reaction being determined by 
the increasing stability of the series of bonds 8-8, S-N, S-C, which 
increases in the order given. 

During the study of the substance (VI; R, R’ = H), now identi- 
fied as 3-acetamido-l-thionaphthen, its reactions were further 
investigated. On oxidation it yields the sulphone (VII; R’ = H). 
It reacts with nitric acid, giving a nitro-compound to which the for- 
mula (VI; R = H, R’ = NO,) is assigned for the following reasons. 
Hydrolysis yields a product which is evidently the nitrothionaphthen 
(III; R=NO,), since on reduction and subsequent oxidation 
thionaphthaquinone is obtained from it (compare Ber., 1908, 41, 
228). 

The result ‘of this nitration suggested that the compound 
Ci>H,ONBrS previously obtained (McClelland, loc. cit.) by bromin- 
ation of 3-acetamidothionaphthen had the structure (VI; R = H, 

= Br). Oxidation of this bromo-derivative gave a product, from 
which 2 : 2-dibromo-3-keto-2 : 3-dihydrothionaphthen 1-dioxide was 
isolated, thus confirming that bromination had taken place in 
the 2-position. The formation of this dibromo-compound from the 
monobromo-compound is evidently due to the instability of the 
monobromo-sulphone and the ease of formation of the dibromo- 
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compound which has been noted previously (Smiles and Cohen, 
J., 1930, 408). 

By treatment of 2-keto-1 : 2-dihydrobenzisothiazole with propionic 
anhydride and sodium propionate McClelland and D’Silva (loc. cit.) 
obtained a substance C,,H,,ONS which they suggested might be a 
homologue of the substance now identified as 3-acetamidothio- 
naphthen. Hydrolysis of this material gives 3-hydroxy-2-methy]l- 
l-thionaphthen (III; R = Me), identified as the bis-compound. 
It is oxidised by hydrogen peroxide to a sulphone, evidently 
3-propionamido-2-methyl-l-thionaphthen 1-dioxide (VI; R, R’ = 
Me, 8 = SO,), since on hydrolysis it gives the sulphone (VII; R’ = 
Me). On treatment with bromine it gives a monobromo-derivative. 
It is thus evident that the compound has the structure (VI; R, R’ = 
Me) and results by intramolecular change (d) of the primary product 
(V; R, R’ = Me). 

EXPERIMENTAL. 


Condensation of 2 : 2’-Dithiobenzoic Acid with Acetic Anhydride and Potassium 
Acetate.—The acid (10 g.) was heated with Ac,O (150 c.c.) and freshly fused 
AcOK (16 g.) under reflux for 2 hr. at 120—125°. The cooled product was 
diluted with H,O, heated at 100° for a short time, and distilled in steam. The 
distillate was extracted with Et,O, and the ethereal solution extracted with 
NaOH aq. The alkaline extract (a) on acidification gave 3-hydroxy-2-acety]l- 
1-thionaphthen (1-9 g.). The ethereal solution (b) was washed with H,O, 
dried over Na,SO,, and evaporated. The residual oil (2 g.) gave 3-hydroxy- 
1-thionaphthen on hydrolysis, and reacted with NHPh*NH, in AcOH to give 
thionaphthindole and with NH,Ph to give NHPhAc. Semicarbazone, m. p. 
234—235° (decomp.). 

Condensation of 2: 2’-Dithiobenzoic Acid with Propionic Anhydride and 
Sodium Propionate.—The acid (5 g.) was heated with (Et-CO),O (30 c.c.) and 
Et-CO,Na (8 g.) at 150° for 1} hr. The mixture was treated as in the preceding 
expt. The residual oil (1-2 g.) obtained by evaporation of the ethereal solution 
(b) solidified on inoculation with a crystal of 3-propionoxy-2-methyl-1- 
thionaphthen. After purification from aq. EtOH it had m. p. 75—76°, alone 
or mixed with this compound. 

Condensation of 2 : 2’-Dithiobenzamide with Acetic Anhydride and Potassium 
Acetate.—The amide (5 g.) was heated with Ac,O (60 c.c.) and AcOK (6:8 g.) 
at 125° for 30 min. The mixture was treated as in the previous expts. 
3-Hydroxy-2-acetyl-l-thionaphthen was obtained by acidification of the 
alkaline extract (a). The residual oil (1-2 g.) from the ethereal solution (b) 
gave the characteristic reactions of 3-acetoxy-1-thionaphthen. The mother- 
liquor from the steam-distillation was concentrated, and the solid which 
separated warmed with 2N-NaOH. Purified from aq. EtOH, it had m. p. 
168—170°, alone or mixed with 3-acetamido-1-thionaphthen. 

Condensation of 2: 2'-Dithiobenzamide with Propionic Anhydride and 
Sodium Propionate.—The amide (10 g.) was heated with (Et-CO),O (30 c.c.) 
and Et:CO,Na (8 g.) for } hr. at 145—-150°. The product (3-4 g.) from the 
ethereal solution (b) after purification from aq. EtOH had m. p. 75—76°, alone 
or mixed with authentic 3-propionoxy-2-methyl-1-thionaphthen. 
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Oxidation of 3-Acetamido-1|-thionaphthen.—A solution of 3-acetamido-1- 
thionaphthen (0-5 g.) in AcOH (5 c.c.) and H,O, (5¢.c.; 90/100 vol.) was heated 
for 1 hr. at 100°. The material isolated by dilution and concn., after crystn. 
from H,O, had m. p. 135°, alone or mixed with authentic 3-hydroxy-1- 
thionaphthen 1-dioxide. 

2-Nitro-3-acetamido-1-thionaphthen (VI; R = H, R’ = NO,).—3-Acetamido- 
1-thionaphthen (1 g.) in H,O (30 ¢c.c.) and cone. HNO, (4 ¢.c.) was heated for 
}hr. at 100°. The product was washed with H,O, dried and crystallised from 
EtOH (charcoal), forming yellow needles, m. p. 205—206° (Found : C, 50-7; 
H, 3-8; 8, 13-6. C,)H,O,N,S requires C, 50-8; H, 3-4; 8, 13-6%). 

2-Nitro-3-hydroxy-1 -thionaphthen.—2 - Nitro - 3 - acetamido - 1 - thionaphthen 
(1 g.) was refluxed for 1 hr. with 2N-NaOH (30 c¢.c.). The cooled solution was 
acidified with HCl aq., and the ppt. dried. The product separated from aq. 
EtOH in orange plates, m. p. 104—105° (decomp.) (Found: C, 49-5; H, 2-7; 
N, 7-0; M, 192. C,H,O,NS requires C, 49-2; H, 2-6; N, 7-2%; M, 195). 
2-Nitro-3-hydroxy-1-thionaphthen gives a wine-red coloration with ale. FeCl, 
and gives with NaOH aq. a sodium salt (Found: Na, 10-0. C,H,O,;NSNa 
requires Na, 10-6%). 

To 2-nitro-3-hydroxy-1-thionaphthen (0-5 g.), suspended in HCl aq. (15 c.c. ; 
equal vols. of conc. HCl and H,0), Fe filings were added’ and the mixture was 
heated fora fewmin. FeCl, was added to the filtered liquid, and the mixture 
heated. The material which separated on cooling gave a hydrazone on 
treatment with NHPh-NH, in AcOH, which after recrystn. from EtOH had 
m. p. 164—165°, alone or mixed with thionaphthaquinonephenylhydrazone. 

Oxidation of C,,H,ONBrS.—The bromo-compound (2 g.) in AcOH (10 c.c.) 
containing H,O, (4 c.c., 90/100 vol.) was heated for 1 hr. at 100°. The product 
obtained on diln. with H,O, after several recrystns. from C,H,—ligroin, had 
m. p. 146°, alone or mixed with authentic 2 : 2-dibromo-3-keto-2 : 3-dihydro- 
thionaphthen 1-dioxide (Found : Br, 46-6. Calc. forC,H,O,Br,8 : Br, 47-0%). 

Investigation of C,,H,,ONS (VI; R, R’ = Me).—(a) Hydrolysis. The 
compound (1 g.) was refluxed with 2N-HC1(20 c.c.) for 1 hr. and steam-distilled. 
Et,O extracted from the distillate an oil which, dissolved in aq.-ale. NaOH and 
oxidised with K,Fe(CN),, gave a product which after recrystn. from EtOH had 
m, p. 150—151°, alone or mixed with 2 : 2’-bis-(3-hydroxy-2-methy]-1-thio- 
naphthen). 

(b) Oxidation. The compound (0-3 g.) was heated in AcOH (4 c.c.), to which 
had been added H,O, (1 c.c., 90/100 vol., and 1 c.c. H,O), for 1 hr. at 100°. 
The material pptd. by addition of H,O crystallised from C,H, in colourless 
needles, m. p. 173° (Found : C, 57-1; H, 5-1; 8, 12-8. C,,H,,;0,NS requires 
C, 57-3; H, 5-2; 8S, 128%). The sulphone on hydrolysis with 2N-HCl at 
100° for $ hr. gave 3-hydroxy-2-methyl-1-thionaphthen 1-dioxide. 

(c) Bromination. A solution of the compound (1 g.) in CHCl, (10 c.c.) 
containing Br (0-73 g.; 1 mol.) was set aside for 2 days. After removal of 
CHCl, the product crystallised from EtOH (charcoal) in colourless needles, 
m. p. 195—196° (Found: Br, 27-4. C,,H,,ONBrS requires Br, 26-8%). 


We thank the Department of Scientific and Industrial Research for a 
grant to one of us (J. L. D’S.). 


Kine’s CoLtteGr, Lonpon. [ Received, October 24th, 1932.] 
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Fourth Liversidge Lecture. 


DELIVERED AT THE UNIVERSITY OF BIRMINGHAM ON 
NOVEMBER 25TH, 1932. 


By Francis Wri11aMm Aston, 8ec.D., F.R.S. 


Physical Atomic Weights. 
Atomic weights are an old subject in Chemistry. The combining 
ratios of the elements were being determined to 1°/, a hundred years 
ago by Berzelius and other distinguished chemists. Purely physical 
methods of measuring atomic weights are, on the other hand, quite 
modern, they have indeed only just attained their majority. By 
“* physical atomic weights ” I do not mean those which are obtained 
by measuring the densities of gases. The actual measurements may 
in this case be called physical, but for them to be of any value the 
gases must be pure and purification is of all laboratory operations 
the most essentially chemical. 

The title of my lecture refers to results obtained by comparing 
the actual weights of individual atoms, not, as in the older methods, 
the mean weights of countless myriads. Such operations were first 
shown to be practicable by Sir J. J. Thomson in 1910 when by 
improved technique of his famous “ parabola ’’ method of positive 
ray analysis he obtained sharp parabolic streaks with hydrogen 
which could only be given by streams of atoms having essentially 
equal masses. It cannot be too much emphasised that this was 
the first experimental proof of Dalton’s postulate that atoms of the 
same element had the same weight; until then this had been purely 
an article of faith, one of the most valuable ever held, for upon it 
modern chemistry was built. Now the building is secure we may 
knock away the old scaffolding, since, as you all know, Dalton’s 
postulate has been proved wrong for almost every element in exis- 
tence. 

All the early results with the parabola method appeared to support 
Dalton’s simple chemistry. In the cases of such gases as hydrogen, 
nitrogen, oxygen and carbon monoxide the masses of the atoms 
and molecules compared appeared in exactly the positions expected 
from the chemical atomic weights, for the measurements could only 
be made with an accuracy of about 1% and it so happens that 
those of all the elements concerned are integral to within that 
margin. 

When neon was introduced two parabolas appeared, a strong one 
at 20 and a weak one at 22. The atomic weight of neon determined 
by its density was 20-20, so this result suggested that neon had 
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atoms whose masses differed by two units. This was in fact the 
starting point of the work on the isotopes of the inactive elements. 
In order to prove the isotopic constitution of neon greater accuracy 
of analysis was necessary, and this was obtained by means of the 
first mass-spectrograph set up in 1919. By this apparatus one 
could compare masses with an accuracy of 1 in 1000 and now for 
the first time it was possible to check the chemist’s values with a 
precision comparable with that of his analysis. 

The first results again were in excellent agreement. Not only 
did the masses of oxygen, carbon, helium and nitrogen, assumed to 
be simple elements, agree with accepted values, but the isotopes of 
the complex elements neon, chlorine and argon were found to obey 
the “whole number rule” and, from a rough estimate of the 
relative intensity of their lines, appeared to be present in the pro- 
portion expected from their chemical atomic weights. Of still 
greater interest was the discovery that the mass of the hydrogen 
atom when compared with helium and oxygen by the special device 
of “ bracketing ’”’ was not a whole number but corresponded with 
the well-established chemical value 1-008. 

The first serious discrepancy was noted in the case of krypton, 
which gave a group of six lines corresponding to masses definitely 
integral, but when the position of the centre of gravity of this group 
was estimated it gave a value for the mean atomic weight of 83-5 +- 
0-3. The accepted international figure deduced from the density 
was 82-92. On the other hand the relative intensities of the boron 
lines 10 and 11 suggested a value less than the chemical one, 10-90, 
then in use. Xenon when analysed gave an estimated mean weight 
131-3 + 0-3 (intl. 130-2), showing a discrepancy similar to that of 
krypton. The most glaring case was antimony, which gave two 
lines of almost equal strength 121, 123, whereas the chemical value 
120-2 was still in use. The chemical figure 9-1 for beryllium was 
not in agreement with the positive ray evidence that this was 
essentially a simple element. Revision of the chemical atomic 
weights reduced to small values the discrepancies in the cases of 
boron, beryllium and antimony, but those of krypton and xenon 
remained. 

In all these cases the relative abundance of the isotopes was 
estimated visually from the appearance of the lines on their mass- 
spectra. The first actual measurements of relative abundances 
were made by Dempster in 1921 by analysing positive rays mag- 
netically and comparing the currents carried by the isotopes by an 
ionisation method. Dempster did not determine the masses of the 
isotopes, but by assuming the whole-number rule he was able to 
show that the isotopic constitutions of magnesium, potassium, 
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calcium, and zine were in fair accord with their chemical atomic 
weights. 

A further advance in accuracy was made by the construction in 
1925 of the second mass-spectrograph. This was designed to 
measure the variations from the whole-number rule and under 
favourable conditions could compare masses with an accuracy of 
1 in 10,000. These variations, called “ packing fractions,’ have 
been determined for the principal isotopes of some 33 elements up 
to date, that of the standard atom of oxygen 16 being taken as 
zero. When plotted against mass-numbers, the packing fractions 
of all but the light elements appear to lie approximately on a smooth 
curve which descends in the region of mass-number 50 to a maximum 
negative value of — 10 parts per 10,000 and then rises again, 
crossing the zero line in the region of mercury 200. 

If its packing fraction is known, the mass of any species of atom, 
now generally called its “ isotopic weight,” can be at once written 
down on the physical scale O16 = 16. When the first results for 
packing fractions-were published in the Bakerian Lecture of 1927 
oxygen was still supposed to be a simple element, in which case this 
scale and the chemist’s scale O = 16 would be identical. But in 
1929 Giauque and Johnson showed by the analysis of optical absorp- 
tion bands that O1” and O18 were also present. The quantities of 
these isotopes are so small that confirmation by the mass-spectro- 
graph has been difficult, but this has now been done and the line 
32 has been photographed with satellites 33 and 34 due to O80" 
and 016018 respectively. The abundance of 17 and 18 is still un- 
certain, 1 in 3000 and 1 in 600 being approximate figures, so that 
the chemical unit would be about 2 parts in 10,000 heavier than 
the physical one. We can now write down the atomic weights on 
the chemical scale of elements essentially simple, such as iodine, 
and the agreement in most cases is well within 0-1%. 

The majority of elements are, however, complex, so that in order 
to determine the mean atomic weight some means of measuring the 
relative abundance of the isotopes must be found. About four 
years ago I worked out a method of doing this by the photometry 
of mass-spectra. The original object of these researches was to 
see if any simple numerical relations were to be found. As is well 
known there are no such relations between the abundances of 
elements on the earth, nor would they be expected owing to the 
practical difficulty of sampling, for they are segregated by all sorts 
of natural processes. On the other hand, since the discovery of 
isotopes hundreds of analyses have been made to test the unvarying 
nature of the atomic weights of naturally occurring complex ele- 
ments, and, with the possible exception of boron, all have given 
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consistently negative results. Only in the laboratory has variation 
been achieved, and that with extreme difficulty. We may there- 
fore say briefly that, whereas it is impossible to obtain a mixture 
of elements which we may regard as a fair sample of cosmic matter, 
itis very nearly as impossible to obtain a mixture of isotopes which 
is not a fair sample of a complex element. The hope of simple 
relations was admittedly small. It has not been realised, but on 
the other hand data have been obtained which may prove of great 
value in formulating theories of the evolution of the elements and 
have enabled the atomic weights of a number of complex elements 
to be determined. 

One great difficulty with the photometry of mass-spectra is that 
the source is never reproducible and seldom constant for more than 
avery short time. Another is that the relation between abundance 
and blackening of the plate is completely different for different 
elements. 

For the preliminary work krypton was taken as the most suitable 
standard element. It has six isotopes with a good range of abun- 
dance, which are easy to resolve. It works well in the ordinary 
vacuum discharge and when mass rays are produced in this way it 
is perfectly safe to assume that the proportion of the isotopes in 
the beam will be absolutely invariable. The measurement of the 
fundamental ratio between the abundances of the two strongest 
isotopes 84 and 86 was made by a method which virtually eliminates 
photometric error and may be called the method of intermittent 
exposures. By means of a mechanical contact maker carrying two 
arms and rotating once in 15 seconds the lines were photographed 
with normal and with reduced times of exposure, the two images 
being kept clear of each other by a small change of the potential 
applied to the electric deflecting field. The effect of this change 
of potential on the intensity will in any case be small and was actually 
eliminated, as far as possible, by taking a second picture with the 
shift reversed. The breaking up of one long exposure into a great 
many short ones ensures a minimum effect from continuous change 
in the intensity of the source. The ratio of the exposures was 
altered by changing the angle between the arms of the contact 
maker until the reduced image of the stronger of the two lines and 
the normal one of the weaker were virtually equal. The ratio 
for exact equality could now be calculated and when this had been 
corrected for the effect of the penumbra of the neighbouring lines 
and for the relative positions of the two lines on the plate the value 
3-41 for the relative abundance of Kr 84 compared with Kr 86 was 
obtained. This was probably within 2 or 3% of the true value. 

The same procedure enabled the ratios of abundance of other 














2892 ASTON : PHYSICAL ATOMIC WEIGHTS. 


isotopes to be ascertained. The difficulties and inaccuracies 
increase in the case of the fainter lines, but on the other hand the 
relative effect on the value of the mean atomic weight becomes less 
at the same time. The following figures were found for the per. 
centage abundances of the isotopes of krypton : 


78 80 82 83 84 86 
0-42 2°45 11-79 11-79 56°85 16-70 


These figures give a “mean mass number” of 83-857. This, 
corrected for the mean packing fraction of — 8-8 in 10,000, gives 
the atomic weight on the physical mass scale O16 = 16 as 83-783. 
Correcting to the chemical scale, we get 83-767, a value agreeing 
well enough with the first estimate from its mass-spectrum but 
much higher than the international value 82-92 in use at the time 
these measurements were made. 

The experience gained with krypton was of great value in extend- 
ing the work to other elements. With heavy elements such as 
mercury it is impossible to apply the method of intermittent 
exposures, since the resolving power of the apparatus does not 
permit the photography of a line between two others without 
overlapping. In such cases a large number of short exposures of 
different periods were employed and the best mean values adopted 
from the curves so obtained. Once the values for mercury had been 
definitely ascertained it was possible to use its group as a convenient 
standard reference scale for other heavy elements such as osmium 
and tungsten. 

As a method of determining atomic weights photometry of mass- 
spectra is clearly at its worst for light elements, for its error will be 
roughly a fixed fraction of the unit of mass. In addition, with 
isotopes so different in mass as those of lithium it is obviously unsafe 
to conclude that particles of the same energy will affect the photo- 
graphic plate equally. In the region of mercury and lead, however, 
the three sources of uncertainty due to errors in packing fraction, 
change of scale, and relative abundance, respectively, have each 
about the same probable error, namely, about 1 part in 10,000. 
Here the method compares well with the best chemical practice 
and has obvious advantages from the fact that purity, in general, 
is of no importance and the quantity of material usually required 
is only a fraction of a milligram. In the accompanying table are 
given the best ascertained physical results, corrected by a factor 
of 2 in 10,000 to the chemical scale, together with the latest inter- 
national values for comparison. 

It will be seen that the agreement in the great majority of cases 
is exceedingly satisfactory. 
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Table of Chemical and Physical Atomic Weights. 


Inter- Inter- 
national Physical national Physical 
Ele- Atomic atomic atomic Ele- Atomic atomic atomic 
ment. number. weight. weight. ment. number. weight. weight. 

H 1 1-0078 1-00761 Sr 38 87-63 87-64 
He 2 4-002 400136 Nb 41 93-3 92-90 
Li 3 6-940 6-936 Mo 42 96-0 95-97 
B 5 10-82 10-803 Ru 44 101-7 (101-1) 

C 6 12-00 12-0037 Sn 50 118-70 118-71 
N 7 14-008 14-008 Sb 51 121-76 121-78 
0 8 16-000 16-000 Te 52 127°5 127-58 
F 9 19-00 18-996 I 53 126932 126-91 
P 15 31-02 30-98 Xe 54 131-3 131-26 
Se 21 45-10 44-96 Cs 55 132-81 132-91 
Cr 24 52-01 52-01 Ba 56 137-36 137-42 
Zn 30 65°38 65-33 Ta 73 181-4 180-89 
Ge 32 72-60 72-65 Ww 74 184-0 183-96 
As 33 74-93 74-92 Re 75 186-31 186-22 
Se 34 79-2 78°96 Os 76 190-8 190-31 
Br 35 79-916 79-911 Hg 80 200-61 200-62 
Kr 36 83-7 83-767 Tl 81 204-39 204-41 
Rb 37 85°44 85°43 Pb 82 207-22 207-19 


The case of hydrogen is particularly interesting. The discrepancy 
was less than 1 in 5000 and for my own part I was content to ascribe 
it to experimental error. If so, it is a lucky error, for it lead Urey 
and his colleagues to search for heavier isotopes in hydrogen. An 
isotope of mass number 2 has now been definitely identified, but 
the most reliable data show that it is only present to the extent of 
1 part in 35,000, an amount quite inadequate to account for the 
discrepancy which led to its discovery. 

The physical value for boron is probably low on account of the 
enhanced photographic effect of its lighter isotope. Scandium, 
niobium, and tantalum are shown by their mass spectra to be 
essentially simple and there seems little doubt that their chemical 
atomic weights are too high. The same is true, but to a less degree, 
of phosphorus and cesium. The first physical value for zinc was 
identical with the chemical one, but Bainbridge has since shown 
that hydrides were present. The effect of these has now been taken 
into account, but the peculiar unsymmetrical distribution of abun- 
dance in the zinc isotopes will tend to give a large photographic 
ng and the corrected result given in the table is probably too 
ow. 

The serious difference in the case of selenium has now been 
removed by Hénigschmid, who in his latest revision gets a value 
identical with the physical one. The first value for tellurium was 
obtained under difficulties and now a much better mass-spectrum 
analysis has been achieved by Bainbridge, who discovered three 
new light isotopes. The corrected and the chemical value are now 
in good agreement. Support of the high value for krypton has led 
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to the international figure being raised. The latest density deter. 
minations made by Whytlaw Gray on xenon with a micro-balance 
give a value, 131-26, identical with that obtained by the photo. 
metry of its mass-spectrum. On the other hand the physical value 
for osmium makes it difficult to accept the figure 191-55 recently 
suggested by Gilchrist. Data for uranium are of great interest. 
Contrary to expectations its mass-spectrum shows it to be at least 
97% 238. It has not yet been possible to measure its packing 
fraction, but it appears very improbable for it to have a positive 
value high enough to agree with the present chemical atomic 
weight 238-14. 

In conclusion I should like to urge the need of further research, 
Although the discovery of isotopes has admittedly robbed the chem- 
ical atomic weights of some of their fundamental interest, I sincerely 
hope work on them will be continued by both purely chemical and 
purely physical methods. It is of vital importance that the values 
for all elements used in chemical reactions should be known with 
certainty to within one part in a thousand. If discrepancies occur, 
they must be removed. If in a particular case this cannot be done, 
so much the better—a discrepancy in the density of nitrogen which 
obstinately refused to be removed was the cause of the discovery of 
argon, from which proceeded the most important advance in in- 
organic-chemistry in living memory. 





440. Comparison of the Directive Powers of Elements 
having Consecutive Atomic Numbers. Part IV. 
Nitration of 2: 4:6-Triphenylpyrylium Perchlorate. 


By C. G. Le Fivre and R. J. W. Le Févre. 


In furtherance of the aims stated in previous papers we have 
investigated the action of nitric acid on 2: 4 : 6-triphenylpyrylium 
perchlorate (III). This substance was conveniently prepared from 
the corresponding ferrichloride (I), previously synthesised by Dilthey 
(J. pr. Chem., 1916, 94, 53) from benzaldehyde, acetophenone, and 
ferric chloride in acetic anhydride solution, by the process (I) —> 
(II) —~> (II). 

The perchlorate (III) dissolved quietly in fuming nitric acid and 
rapidly formed a trinitro-derivative (IV). Attempts to effect mono- 
nitration by adjusting the strength of nitric acid or by using 
sulphuric acid and potassium nitrate were unsuccessful, the sub- 
stance being either trinitrated or recovered unchanged. This result 
was unexpected: in view of the previously noted resistance of 
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2-phenylbenzopyrylium salts to nitration it was thought that only 
one nitro-group would be easily introduced. 


FeCl, C10, 
Ph /O\ py, NaOAc om Ph?» (OH alc. Ph/ App 
the santmarmernc tie Wk Ts. Seman, St 
i.) \Z aA (II.) \A (IL) 
Ph <8 Ph 
| HNO, 
Ny ( 
Phy re NO, CO,H gi. Trinitro-derivative 
4 (IV.) 
h 


The constitution of the trinitro-derivative (IV) was investigated 
as follows : 

(a) Crystallisation experiments showed that at least ca. 70%, of 
(IV) was an individual substance, m. p. 276—278°. 
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(b) Oxidation of this substance by acid potassium permanganate 
gave a small yield of p-nitrobenzoic acid, showing that one of the 
phenyl groups (probably the 4-phenyl group, since this is farthest 
from the positive pole) must have undergone p-nitration. From 
previous results the remaining nitro-groups were thought to be in 
m-positions of nuclei 2 and 6. Synthetical experiments have 
confirmed this view. 

(c) In two cases nitro-derivatives of (I) which could not be 
synthesised by a process analogous to that of Dilthey (loc. cit.) 
were prepared from the appropriate (nitro)chalkones and (nitro)- 
acetophenones; these underwent condensation and ring formation 
in presence of hydrochloric acid and ferric chloride to give ferri- 
chlorides, from which the corresponding perchlorates could be 
obtained. 

Nitration of the 4-p-nitrophenyl-2 : 6-diphenyl- (V), 2-m-nittro- 
phenyl-4 : 6-diphenyl- (V1), and 2 : 6-di-m-nitrophenyl-4-phenyl- (VII) 
-pyrylium perchlorates thus obtained produced derivatives which 
showed no depression in m. p. in admixture. The chief product of 
nitration of 2 : 4 : 6-triphenylpyrylium perchlorate therefore appears 
to be 2 : 6-di-m-nitrophenyl-4-p-nitrophenylpyrylium perchlorate (IV). 

Consideration of the formula (III) suggests that the effective 
positivity of the l-carbon atom of each nucleus would be less than 
that of the l-carbon atom of the 2-phenyl group in the 2-phenyl- 
benzopyrylium salts (VIII) previously studied, because in (III) the 
charge of the oxygen can be partially neutralised by three electron 


clo drifts due to the —J actions of the phenyl 
jn groups. The similar process with the 2-phenyl- 
f ee benzopyrylium salts is presumably effected as 
far as possible by both the 2-phenyl group and 
WY a the 5: 6-benzo-nucleus. The exact contribution 


of the latter part cannot’ be assessed directly, 
but the fact that 2 : 4 : 6-triphenylpyridine scarcely forms quatern- 
ary derivatives (e.g., with MeI) whilst those from 2-phenylquinoline 
are quite stable suggests that the neutralisation is much more 
efficient in (ITI) than in (VII). 

With (VIII) mononitration alone occurred, but with (III) 4 
three-stage substitution has to be considered. The first attack 
will certainly be at the point farthest from the positive pole, 1.¢., at 
the 4-p-position, and substitution, facilitated by a + 7' action of 
the nearest C:C double bond, will follow (cf. nitration of 4-nitro- 
diphenyl). The correctness of this view is supported by the fact 
that (V) on nitration gives (IV) in as pure a condition as when 
obtained directly from (III), whilst the 4-m-nitrophenyl analogue of 
(V) gives a mixture of substances. 
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An a priori description of the second and third stages is more 
difficult. The molecules of (III) are large (on a conservative 
estimate they lie on roughly equilateral triangles of side 14 A.) and 
the outer extremities will be additionally less positive than those 
of (VIII), and therefore approach by kationoid reagents will be less 
resisted. The occurrence of some op-substitution in the 2- and 6- 
(as well as the 4-)phenyl nuclei of (III) might therefore be expected, 

From the experimental point of view the weakest part of the 
proof admittedly lies in the methods adopted for proving the 
identity of the nitration products from (IIT), (V), (VI), and (VII), 
for, apart from the observation of physical similarities under the 
microscope in the various crystalline substances obtained from hot 
nitrobenzene solution, there was available only the determination 
of mixed melting points. All the m. p.’s involved are high and 
are also largely decomp. points. If, therefore, in addition these 
salts have low molecular depressions of freezing point, little depres- 
sion of m. p. could be expected even in cases of non-identity. A 
further uncertainty arises from the inability to isolate any product 
of oxidation other than p-nitrobenzoic acid (although at least one 
case can be quoted as a precedent for this—cf. Ingold, Ingold, and 
Shaw, J., 1927, 813). For these reasons the confirmatory experi- 
ments of the following paper were instituted. 

We have not succeeded in transforming 2 : 4 : 6-triphenylpyridine, 
obtained from the pyranol (II) by the action of hot alcoholic 
ammonia, into quaternary salts. Nitration of dilute solutions of 
this base in sulphuric acid gave mixtures, m. p. above 300°, of tri-, 
tetra-, and penta-nitro-derivatives in proportions varying with the 
time of nitration and the quantities taken. 

Alkaline potassium permanganate oxidation of a “ trinitro- ” 
product afforded some p-nitrobenzoic acid, but beyond this observ- 
ation the nitration products were not examined since they were 
obviously of no use for comparative purposes, 


EXPERIMENTAL. 


2:4:6-Triphenylpyrylium Perchlorate-——The corresponding ferrichloride 
(Dilthey, J. pr. Chem., 1916, 94, 53) (37 g.) was shaken with H,O (1-5 1.) 
containing NaOAc (cryst., 100 g.) at 80°. After 24 hr. the crude pyranol 
(20 g.; m. p. 118—119°) was separated and dissolved in boiling methylated 
spirit (1 1.), to which was then added a hot solution of HCO, (80 c.c.; d 1-2) 
in EtOH (100 c.c.). From the red solution with green fluorescence so formed, 
fan-shaped bundles of yellow crystals (22 g.) separated on cooling. Reerystn. 
from AcOH-perchloric acid gave the perchlorate, m. p. 288—290° (Found ; 
C, 67-8; H, 4-4. ©,,H,,O,Cl requires C, 67-6; H, 42%). 

Nitration of 2: 4: 6-Triphenylpyrylium Perchlorate-——The perchlorate (8 g.) 
was dissolved in HNO, (d 1-52; 160 c.c.) at 0° and left for } hr, Dilution 
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was performed, at 0°, by stirring in successively AcOH (160 c.c.), HClO, 
(300 c.c.; d 1-2), and ice-H,O (400 c.c.). After 24 hr. the solid was washed 
with EtOH and air-dried, giving a yellow powder (9-2 g.), m. p. 240—260° 
(Found: N, 7-5. A trinitro-derivative requires N, 7-7%). Recrystn. from 
AcOH (2700 c.c.) gave 7-8 g., m. p. 262—-265°. One crystn., however, from 
PhNO,, with greater loss of material, gave yellow micro-needles, m. p. 276— 
278° (Found: C, 50-7; H, 2:7; N, 7-8. C,3;H,,0,,N,Cl requires C, 50-8; 
H, 2-6; N, 7-7%). 

Nitrations were also performed in which the HNO, solutions were left for 
1—24 hr., but the results were no better. 

Oxidation of the above Nitration Product.—(a) Six nitration expts. (0-5 g. of 
material in each) were left aside for several weeks. The gums produced, 
which later solidified, were united and crystallised from much hot H,O (norit), 
giving p-nitrobenzoic acid (Found: N, 8-7. Cale.: N, 84%), m. p. and 
mixed m. p. 238—239°. 

(b) To the nitration product (1 g.), suspended in 4N-H,SO, (50 c.c.) at 90°, 
KMn0O, (6 g.) was added, followed after 10 min. by excess of hot H,O; the 
hot solution was then decolourised by SO, and filtered. On cooling, p-nitro- 
benzoic acid (m. p. 231—233°; after recrystn., m. p. 239—240°; yield, 
0-13 g.) separated from 200 c.c. of solution. Since the solubility of the acid 
is 0-04 g./100 c.c. of solution, the total yield was approx. 0-21 g., i.e., 60%. 
No m-nitrobenzoic or benzoic acid could be detected. 

Preparation of the Necessary Nitrochalkones.—p-Nitrochalkone (20 g.) and 
m-nitrochalkone (33 g.), cream-coloured needles, m. p. 157—159° and 138— 
140° respectively, from AcOH, were prepared from 40% NaOH aq. (25 g.) 
and p- or m-nitrobenzaldehyde (15 g.) and acetophenone (15 g.) in EtOH 
(200 g. for the p-nitro-, and 120 c.c. for the m-nitro-chalkone). 

p-Nitrobenzylidene-m-nitroacetophenone, m. p. 176—179°, and m-nitro- 
benzylidene-m-nitroacetophenone, m. p. 210°, were prepared from 40% 
NaOH aq. (2-5 c.c.) and m-nitroacetophenone (2 g.) and p- or m-nitrobenz- 
aldehyde (1-5 g.) in EtOH (200 c.c.) at 0°. 

Preparation of 4-p-Nitrophenyl-2 : 6-diphenylpyrylium Ferrichloride.—A 
solution of the crude p-nitrochalkone (20 g.) and acetophenone (9-6 g.) in 
Ac,O0 (160 c.c.) was saturated with dry HCl and, after the addition of FeCl, 
(28 g.), heated on the steam-bath for 4 hr. After 3 days, the cryst. deposit 
was collected, washed with AcOH, and dried at 100° (yield, 4:5 g.). The 
ferrichloride formed red-brown needles, m. p. 209—212°, ftom AcOH (Found : 
N, 2-9. C,,;H,,0,;NC1,Fe requires N, 2-5%). 

4-p-Nitrophenyl-2 : 6-diphenylpyrylium Perchlorate.—A solution of the ferri- 
chloride (3 g.) in acetone (50 c.c.) was added drop by drop to well-shaken 
NaOAc (100 g. in 1 1. of H,O), the ppt. washed with H,O (yield, 2°5 g.), 
dissolved in methylated spirit (400 c.c.), and boiled with HClO, (10 c.c.; 
d 1-2). The perchlorate separated on cooling as golden-yellow leaflets (1-2 g-), 
m. p. above 300° (Found: N, 2:9. C,,;H,,0,NCl requires N, 3-1%). 

4-m-Nitrophenyl-2 : 6-diphenylpyrylium Ferrichloride.—This was prepared in 
the same way as the 4-p-nitrophenyl isomeride (heating for 1} hr.). It 
formed red crystals, m. p. 237°, from AcOH (Found: N, 2-6%). Yield, 
10 g. from 33 g. of m-nitrochalkone. 

4-m-Nitrophenyl-2 : 6-diphenylpyrylium Perchlorate——The corresponding 
pyranol (17 g. of moist paste), obtained as described above (ferrichloride, 
5 g.; acetone, 100 c.c.; NaOAc, 150 g.; H,O, 2 1.), was dissolved in hot 





an tw 8S a SOU ke 


for 


of 
d, 
t), 
id 





OF THE DIRECTIVE POWERS OF ELEMENTS, ETC. PART IV. 2899 


EtOH (2 1.), and the filtered solution treated with HCIO, (100 c.c.; d 1-2) in 
hot EtOH (100 c.c.). On cooling, 2 g. of light brown plates, m. p. 241—242°, 
separated (Found : N, 2-9%). 

2-m-Nitrophenyl-4 : 6-diphenylpyrylium Ferrichloride——Chalkone (7:5 g.), 
m-nitroacetophenone (6 g.), Ac,O (35 c.c.), and FeCl, (12 g.) were heated 
on the steam-bath for 14 hr. Cooling and filtration then furnished golden- 
yellow needles (6 g.), m. p. 216—218° (Found: N, 2-6%). 

2-m-Nitrophenyl-4 : 6-diphenylpyrylium Perchlorate.—The ferrichloride (5 g.) 
in acetone was diluted with NaOAc aq. (3 1.), the pyranol produced was 
dissolved in 2 1. of boiling EtOH, and excess of HClO, aq. added. The yellow 
perchlorate separated slowly, m. p. 277—278° after crystn. (Found: N, 3-2%). 

2: 6-Di-m-nitrophenyl-4-phenylpyrylium Ferrichloride.—m-Nitroacetophen- 
one (8-2 g.) and Ph-CHO (2-4 g.) in Ac,O (20 c.c.) were heated with FeCl, 
(5 g.) on the steam-bath for 4 hr. After 12 hr. the usual treatment gave a 
yellow microcryst. powder, m. p. 229—232° (Found: N, 4-7. C,3H,,0;N,Cl,Fe 
requires N, 4-7%). 

2: 6-Di-m-nitrophenyl-4-phenylpyrylium Perchlorate-——The crude pyranol 
obtained from the ferrichloride (2 g.), acetone (100 c.c.), and NaOAc (200 g. 
in 2 1. of H,O) was dissolved in hot EtOH (1 1.), and HCIO, (50 c.c.; d 1-2) 
added. The perchlorate crystallised on cooling as orange-brown plates (1-8 g.), 
m. p. 291° (Found: N, 5-5. C,,;H,,0,N,Cl requires N, 5-6%). 

2:4: 6-Tri-m-nitrophenylpyrylium ferrichloride and 2 : 6-di-m-nitrophenyl- 
4-p-nitrophenylpyrylium ferrichloride could not be prepared by the above 
methods. 

Nitration of the Foregoing Perchlorates.—(a) A solution of 4-p-nitrophenyl- 
2: 6-diphenylpyrylium perchlorate (0-3 g.) in HNO, (6-5 c.c.; d 1-52) was 
kept for } hr. and then treated at 0° with AcOH (6-5 c.c.), HClO, aq. (17 c.c.), 
and H,O (18 c.c.) in the order stated. After } hr., filtration and EtOH- 
washing gave 0-3 g. of orange-yellow crystals, m. p. 245—250°, raised to 
270—271° by crystn. from PhNO, (Found: N, 7-7. C,3H,,0,,N,Cl requires 
N, 77%). The mixed m. p. with the trinitration product from (ITI) (m. p. 
276—278°) was 271—274°. 

(b) 4-m-Nitrophenyl-2 : 6-diphenylpyrylium perchlorate, treated exactly as 
in the previous case, gave a product, m. p. 150—210°. 

(c) Similar treatment of 2 : 6-di-m-nitrophenyl-4-phenylpyrylium perchlor- 
ate produced 0-3 g. of light orange-yellow crystals, m. p. 268—270°, raised 
slightly by admixture with the nitration product (IV) (Found : N, 7:9%). 

(d) 2-m-Nitropheny]-4 : 6-diphenylpyrylium perchlorate, treated as in (a), 
gave orange-yellow crystals, m. p. 265—270°, raised by addition of (IV) 
(Found : N, 7-8%). 


A grant from the Chemical Society is acknowledged. , 
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441. Nitration of Di-p-tolyl- and Di-p-chlorophenyl- 
phenylpyrylium Perchlorates. 
By (Miss) H. E. Jounston and R. J. W. Le Fiévre, 


Stnce toluene is nitrated more rapidly, and chlorobenzene less 
rapidly, than benzene, the 2- and the 6-substituted phenyl group of 
(I) and (II) might be expected to undergo substitution, compared 
with the corresponding groups in 2: 4: 6-triphenylpyrylium per- 
chlorate (III), similarly faster and slower respectively. If, there- 
fore, both (I) and (II) could be shown to undergo p-nitration in the 
4-phenyl] nucleus, the similar substitution of (II1) could be regarded 
as certain (see preceding paper). 


C10, clo, 
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The trinitrations of both (I) and (II) proceeded exactly as did 
that of (III). The products were practically pure and were shown 
to contain one p- and two m-nitro-groups by the following 
observations : ‘ 

(a) Both products gave p-nitrobenzoic acid on oxidation. 

(6) The nitration product (VI) from (II), contains a di-(o-chloro- 
nitro)-structure, since it reacted with piperidine to form a trinitrodi- 
piperidinotriphenylpyranol (IV). 

(c) 3-Nitro-4-methylacetophenone, benzaldehyde, acetic anhydride, 
and ferric chloride gave by the usual procedure 2 : 6-di-(2’-nitro-p- 
tolyl)-4-phenylpyrylium ferrichloride (VII), the corresponding per- 
chlorate of which was transformed by fuming nitric acid into a 
substance identical with the trinitration product (V) from (I). 

It is therefore evident that the orienting influence of the oxonium 
pole in substances (I), (II), and (III) on the 2- and the 6-phenyl 
group must be strong enough to produce m-substitution. Had it 
been weak enough to allow op-substitution in case (III), a uniform 
product would not have been formed from (II), where the —J effects 
of halogen and oxonium oxygen are in competition, but, instead, a 
mixture showing some o-substitution in the two p-chloropheny]! 
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nuclei. The fact that this does not occur strengthens the evidence 
for the constitution given in the previous paper to the trinitro- 


derivative of (IIT). , 
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The results obtained with (I) are easily explicable. The normal 
op-activating tendency of methyl enhances the activities of the 
positions in the 2 : 6-ditolyl groups least deactivated by the oxonium 
pole. Substitution therefore occurs in these positions alone. 


EXPERIMENTAL. 

4-Phenyl-2 ; 6-di-p-tolylpyrylium Ferrichloride.—To a mixture of p-methyl- 
acetophenone (130 g.), Ph-CHO (48 g.), and Ac,O (240 c.c.), anhyd. FeCl, 
(100 g.) was added slowly : the mixture was finally heated for 10 min. on the 
steam-bath. The ferrichloride deposited on cooling was washed trice with 
AcOH and dried at 100° (yield, 60 g.), forming large, deep red prisms, m. p. 
257—-258°. 

4-Phenyl-2 : 6-di-p-tolylpyranol.—A solution of the ferrichloride (5 g.) in 
acetone (150 c.c.) was stirred into H,O (2 1.) containing NaOAc (cryst., 50 g.). 
After some hr., the orange ppt. was collected, washed with H,O, and extracted 
from Fe(OH), by boiling EtOH. Partial pptn. of the hot extract with 
H,0 gave the pyranol as a cream-coloured solid, m, p, about 100°, The 
yellow eryst. picrate, m. p. 259—260° (decomp.), was obtained from an alec, 
solution of its components (Found: N, 7-8. C,;H,,0,N, requires N, 7:4%). 

4-Phenyl-2 : 6-di-p-tolylpyrylium Perchlorate.—To a boiling solution of the 
pyranol (4 g.) in methylated spirit (800 c.c.), HClO, aq. (d 1-2; 150 c.c.) was 
added. The yellow cryst. perchlorate (3-2 g.) which slowly separated had m. p. 
278—280° after recrystn. from AcOH-HCIO, aq. (Found: C, 68-7; H, 4-8. 
C,,H,,0,Cl requires C, 68-7; H, 4:8%). 

Nitration. The perchlorate (1 g.) was dissolved in HNO, (d 1-5; 30 c.c.) at 
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0°, and H,O (ca. 10 c.c.) then added, until pptn. began, followed by H,0 
(30 c,c.) containing NaClO, (10 g.) (temp. below 0° throughout). The yellow 
ppt. was washed with EtOH; it then had m. p. 266—268° (mixed with un- 
nitrated material, ca. 238°), rising to 271—273° after recrystn. from AcOH- 
HClO, aq. (Found: N, 7-4. C,,H,,0,,N,Cl requires N, 7-5%). 

Synthesis of 2 : 6-Di-(2’-nitro-p-tolyl)-4-phenylpyrylium Perchlorate.—Quanti- 
ties of Ph-CHO, 3-nitro-4-methylacetophenone (m. p. 60—61°; from 4-methyl- 
acetophenone by the method of Errera; Gazzetta, 1891, 21, 92), Ac,O, and 
FeCl, equiv. to those used in the prepn. of compound (VII) in the previous 
paper were kept at room temp. for 3: weeks. The crude amorphous ferri- 
chloride then obtained was suspended in NaOAc aq. at 60° for 1 hr. after 
filtration, the residue was boiled with spirit, and the hot extract diluted with 
HClO, aq. until crystn. began. A yellow perchlorate, m. p. 275—277°, was 
obtained. 

Nitration. The perchlorate, nitrated in exactly the same way as the parent 
compound, gave a product, m. p. 269—270° (after drying at 100°) not depressed 
in admixture with substance (V) (Found: N, 7:7. Cale.: N, 7:-5%). 

Oxidation of Substance (V).—The crude nitro-perchlorate (1 g.), suspended in 
boiling 6N-H,SO,, was treated with KMnO, (10 g.). After 10 min., the liquid 
was filtered hot and decolorised with SO,. On cooling, white crystals, m. p. 
210—220°, were deposited in small quantity; more were obtained from the 
residue by extraction with hot H,O. After one crystn. from H,O, the product 
melted at 236—238°, alone or mixed with p-nitrobenzoic acid. 

2 : 6-Di-p-chlorophenyl-4-phenylpyrylium Ferrichloride.—This was obtained 
in red prisms (13 g.), m. p. 295°, when FeCl, (16 g.), Ph*CHO (7 g.), p-chloro- 
acetophenone (21 g.), and Ac,O (36 c.c.) were heated on the steam-bath for 
1 hr., and the product washed with a little AcOH. 

Perchlorate (I1).—-This was obtained from the ferrichloride (12 g.) in acetone 
(200 c.c.) and dil. NaOAc aq. (4 1.), the product, after 24 hr., being treated 
in boiling methylated spirit (4 1.) with HClO, aq. (d 1-2; 90 c.c.). The per- 
chlorate (6 g.) crystallised from PhNO,—-AcOH in daffodil-yellow elongated 
plates, m. p. above 300°. 

Nitration. The perchlorate (2 g.) dissolved in HNO, (d 1-5; 50 c.c.) without 
much evolution of heat. After } hr., the solution was cooled to 0°, and H,0 
(20 c.c.) added until pptn. began, followed by 70 c.c. of sat. NaClO, aq. The 
product, after being washed with abs. EtOH, was a bright yellow, cryst. powder 
m. p. ca. 230° (decomp.), and 240—245° (decomp.) after crystn. from AcOH- 
HCIO, aq. (Found: N, 6-1. C,,;H,,0,,N,Cl, requires N, 6-8%). Oxidation 
with KMnO, produced p-nitrobenzoic acid. 

4-p-Nitrophenyl-2 : 6-di-(m-nitro-p-piperidinophenyl)pyranol.—The nitration 
product (VI) (2 g.) was heated with piperidine (5 c.c.) at 100° for 4 hr., the 
red solution diluted with H,O, and the excess of piperidine removed in steam. 
On cooling, the residue formed a brittle, dark red glass, m. p. 76—78°, which 
could not be crystallised. Its solutions in pyridineand EtOH were dark red, 
and that in AcOH permanganate-purple (Found: N, 10-5. C33H3305N; 
requires N, 11-1%). 


A grant from the Chemical Society is acknowledged. 
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442. A Titration Method for the Determination of 
Water. 


. By Ronap P. BELL. 


Most methods for determining water depend upon either the gain of 
weight of hygroscopic substances or the loss of weight of the system 
investigated. Neither these nor physical methods, applied usually 
to traces of water in organic liquids, give accurate results for small 
proportions. Moreover, none of the chemical methods (for refer- 
ences, see Wilson, J. Amer. Chem. Soc., 1921, 43, 710; Rosenbaum 
and Walton, ibid., 1930, 52, 3568) is as accurate and convenient as 
the one now to be described. 

The method depends upon the reaction of water with «-naphthoxy- 
dichlorophosphine [referred to subsequently as (N)], C,)>H,*O-PCl, + 
2H,O0 —> C,,H,-O-P(OH), + 2HCI,* the hydrogen chloride being 
removed by a current of dry air, absorbed in water, and titrated. 
Other substances, e.g., high-boiling acid chlorides and double 
compounds of aluminium chloride with organic substances, were not 
suitable. 


The reagent was easily prepared from a-naphthol and PCl, (Kunz, Ber., 
1894, 27, 2560), an all-glass apparatus being used throughout. After one 
distillation in vac. it was obtained as a colourless, non-fuming liquid, b. p. 
180° + 1°/18mm. Traces of PCl, were removed by heating to 100° in a current 
of air dried with P,O,. 


DRY AiR 





When (N) is added to liquid water the reaction is slow, doubtless owing to the 
small mutual solubility of the two phases, for in C,H, solution the reaction is 
practically instantaneous. 

The apparatus used is shown in the fig. (N), dissolved in a suitable solvent, 
was contained in the vessel A, and the sample to be analysed was introduced 


* The further hydrolysis to C,,H,;-OH + P(OH), (Kunz, loc. cit.) does not 
oceur in presence of excess of (N). 
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through B. The HCl formed was removed by a current of air dried with 
P,O,, and absorbed in H,0 at C. 

Before a determination, it is necessary to remove any HCl formed by H,0 
present in the solvent or apparatus. The air current was passed (50—100 c.c./ 
min.) until the rate of formation of HCl (as measured by periodic titration of 
the contents of C) had decreased to a very small const. value (12—24 hr.), 
corresponding to the v.p. of (N); several consecutive determinations could 
then be carried out without refilling with (N). The sample was added and the 
current of air again passed until a const. rate of HCl formation was reached 
(this rate is not in general the same as that found before the determination). 
The amount of H,0 is then given by the total acid titre minus a small correction 
for the v.p. of (N). 

In order to.derive this correction, it is necessary to maintain the velocity of 
the air current approx. const. during the whole of each expt. This was secured 
(to within 5%) by using a compressed air plant automatically regulated to 
const. press. The solvent used was PhBr, which does not evaporate appreci- 
ably under the conditions of expt. The correction was then cale, by multi- 
plying the const. rate of acid formation at the end of the expt. by the duration 
of the expt.: it never amounted to more than a few units %, and the results 
show that this method of calculation is adequate. 

In order to test the accuracy of the method, known amounts of H,O were 
added from a weight pipette. The results were : 


(a). (b). (c). (d). 
H,0, added (g.) ...... 0-0623 0-0416 0-0364 0-0251 
H,0, found (g.) ......... 0-0624 0-0413 0-0365 0-0250 


Determinations (a) and (b) were carried out successively with the same 
(N), and (c) and (d) with a fresh portion. After addition of the drop of water, 
the apparatus was kept for 30 min. with occasional gentle shaking before 
passage of the air current, in order to ensure complete solution. The details 
for determination (a) follow : 


1 c.c. (N) + 5¢.c. C,H,Br in apparatus. Air passed for 24 hr. HCl 
absorbed during last 4 hr. = 0-25 c.c. of 0-1027N-NaOH = 0-06 c.c./hr. 
Water added; successive titres then : 


NG BIS So ckicserrieds 2 6 12 24 34 

NE BiB. avendedatosidis 27-30 6-15 1-05 0-75 0°65 

Rate, c.c. /hr. ........+4.. 13-65 1:03 0-18 0-063 0-065 
0-064 


Total titre after 12 hr. = 34-50: correction = 12 x 0-064 = 0-77; 
corr. titre = 33-73. Water found = 0-03373 x 0-1027 x 18-02 = 
0-0624 g. 


As an example of the application of the method to the determination of yet 
smaller quantities of H,O in solution, some results obtained with moist CH. 
are given. In order to obtain const. H,O content, the C,H, was rotated with 
Na,SO, and Na,SO,,10H,0 for 48 hr. at 20°. Samples were then removed by 
a pipette (delivering 8-81 + 0-02 g. of C,H, at 20°) fitted with a cotton-wool 
plug, suction being applied through a CaCl, tube. The vol. of liquid was kept 
approx. const. by saturating the air with C,H, vapour at room temp. before it 
entered the P,O, tube. 
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(a). (b). (c). (d). (e). 
SF COME (E,)  ocssesccccesoccces 4-03 4-03 4-06 4-05 4-06 
Correction applied (%)  ......... 14-6 26-7 8-2 14-8 2°5 


In (a), (6), (c), and (d) the correction was made unnecessarily large, by using 
a large excess of (N) and a large vol. of PhBr, but the concordance of the results 
shows that no systematic error. is introduced thereby. The mean value 
obtained for the conen. of H,O in equil. with Na,SO,,10H,0 + Na,SO, 
(0-00405 g. per 8-82 g.) can be employed to calculate the solubility of H,O in 
C,H, at 20°, the v.p. of H,O over the solution being assumed to be propor- 
tional to its concn. over the small range in question, The v.p. of the hydrate 
pair being 13-38 mm. (Baxter and Lansing, J. Amer. Chem. Soc., 1920, 42, 419; 
ef. Wilson, loc. cit.), the value obtained is 0-0601 g. per 100 g., which lies between 
the two most accurate previous determinations, 0-0608 (Hill, ibid., 1923, 45, 
1143) and 0-0573 (Rosenbaum and Walton, loc. cit.). 

When this work was completed, it was found that Lindner (Z. anal, Chem., 
1925, 66, 305) had described a similar method for determining the H,O formed 
in ultimate analysis. He used a-naphthyldichlorophosphine oxide, 
C,9H,"POCI,, at 100°, but this compound (L) is not so suitable as (N). For 
instance, at room temp. it reacts with H,O dissolved in C,H, so slowly that 
only a few units % of the theor. amount of acid are formed after 12 hr., and 
the use of a higher temp. is inconvenient with such a solvent. a-Naphthoxy- 
dichlorophosphine oxide (C,,H,*O-POCI,; Kunz, loc. cit.) also reacted much 
too slowly. 

A few rough expts. were carried out to discover whether H,O vapour present 
in a current of gas could be quant. converted into HCl by using (N) at room 
temp. in place of the more difficultly accessible (L) at 100°. A measured vol. 
of air satd. with H,O vapour at room temp. was passed through a solution of 
(N) in PhBr in the apparatus described, and the evolved HCl absorbed in 
H,O. The remainder of the HCl formed was removed by a current of dry air, 
and the amount of H,O calc. as before. Three expts. with 500 c.c. of air satd. 
at 21-:3° gave 9-80, 10-80, and 10-03 mg. of H,O. In the first two expts. 
1 c.c. of (N) was dissolved in 5 c.c. of PhBr, and in the last, 0-3 c.c. in 5 c.c. 
The calc. H,O content of the air is 9-95 mg., so that, in spite of the short period 
of contact between the gas and the solution, the yield of HCl was quant. within 
the limits of uncertainty as to the exact vol. and humidity of the air. 

For an approx. determination of the H,O content of an organic liquid, it is 
sufficient merely to pass the air current for a few hours, and titrate the HCl 
thus evolved without applying any correction. The method can, of course, 
only be used with non-hydroxylic solvents. 


UNIVERSITY, COPENHAGEN, DENMARK. [ Received, August 30th, 1932.] 





443. The Heat of Solution of Water Vapour in 
Various Solvents. 
By Ronap P. BELL. 
Heats of solution (or, more generally, heats of transfer between two 
phases) are of great importance in experimental tests of theories 


of solution. In many cases the heat of solution cannot conveniently 
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be measured directly, but is more readily accessible through the 
equation 
d(log.c,/c.)/dT? = —Q/RT? . . . . . (i) 


where c, and cy are the concentrations in the phases 1 and 2 at 
equilibrium, and Q is the heat of transfer at constant volume (which 
differs by a work term from the value obtained by direct measure. 
ment at constant pressure). This equation is valid for small values 
of c, and ¢,. 

The method described (preceding paper) for the quantitative 
determination of water in solution makes it possible to determine the 
heat of solution of water vapour in various solvents by this indirect 
method. The distribution coefficient of water between the solution 
and the vapour phase was determined by measuring the water 
concentration in equilibrium with a salt hydrate pair of known 
vapour pressure. This determination was carried out at various 
temperatures, and Q then calculated from equation (1). It would, 
of course, be possible to use liquid water in place of the hydrate pair, 
but this would introduce difficulties of filtering, and the possibility 
that the water might dissolve appreciable amounts of the other 
phase and thus alter its vapour pressure. 


EXPERIMENTAL. 


Unless otherwise stated, the solvents used were “ Z. Analyse ’’ preparations 
from Merck or Kahlbaum which were redistilled before use, only the middle 
fraction being retained. C,Cl, was obtained by fractionating a commercial 
product three times; b. p. 124—125°. Diisoamyl ether was prepared from 
pure isoamy] alcohol and H,SO,; it was shaken with dil. NaOH aq., dried over 
anhyd. K,CO,, and twice distilled; b. p. 172—173°. 

The salt hydrate pair used was Na,SO,,10H,O + Na,SO;; this was chosen 
because it has a high v. p. which is known accurately over a convenient temp. 
range. The decahydrate was a guaranteed preparation of Merck, and it was 
mixed with an approx. equal amount of the dehydrated salt. 

In carrying out a determination, 50 c.c. of solvent were rotated with about 
10 g. of the hydrate mixture in a thermostat. Three temps. were used, 15°, 
20°, and 25°, the control being in each case + 0-02°. The first sample was 
taken after ca. 12 hrs.’ rotation, which was found to suffice for the attainment 
of equilibrium. The determination was in all cases repeated after a further 
period of rotation, with concordant results (see Table I). A few comparative 
expts. with C,H, showed that in this case equil. was reached after 1 hr.’s 
rotation, starting either with dry C,H, or with C,H, satd. with H,O at room 
temp. The samples were withdrawn in a 10-c.c. pipette with a small filter of 
cotton-wool. Suction was applied through a CaCl, tube. The pipette was 
kept in an enclosure in the thermostat, and was calibrated by wt. for each 
solvent used. 

The amount of H,O in the sample was determined by the method described 
in the preceding paper. The HCl was titrated with 0-02N-NaOH (methyl- 
orange); 2—4 successive determinations were carried out with each solvent, 
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using the same a-naphthoxydichlorophosphine. For volatile solvents, the 
current of air was satd. with solvent vapour before entering the drying tubes. 

The correction necessary for the v. p. of the a-naphthoxydichlorophosphine 
varied between 1% and 8%. The final values for the equil. concns. of H,O are 
given in the last col. of Table I. In calculating the values of Q (see Table It), 
equation (1) was used in the form 


logo: T/p = Q/2308RT +B... .. . (ia) 


where c, = concn. of H,O in solution; p = partial pressure of H,O vapour; 
B = integration const. This equation assumes that Q is independent of 7 
in the range considered; and when log, ¢,7'/p was plotted against 1/7’, a 
straight line was obtained in every case within the limits of experimental 
error. 

The values of p (the v. p.’s of the salt hydrate pair at the three temps.) were 
taken from the work of Baxter and Lansing (J. Amer. Chem. Soc., 1920, 42, 
419), whose value at 25° (19-19 mm.) agrees well with that obtained by 
Wilson (19-22 mm.; ibid., 1921, 43, 705) by a different method. 

The values of c, can be used to calculate the solubility of H,O in the various 
solvents at 15°, 20°, and 25° by assuming that the v. p. of H,O in these solutions 
is proportional to its concn. over the small range involved : this is probably not 
quite correct, on account of the interaction between the water dipoles. 





Taste I, 
(c, is given as g. per 1000 c.c. of solvent.) 
Temp. Cy. Mean. Temp. Cy. Mean. 
Nitrobenzene. Carbon tetrachloride. 
15° 0-995, 1-010 1-00 15° 0-0620, 0-0650 0-0635 
20 = 1-245, 1-225 1-23 20 00-0801, 0-0747, 0-0751 0-0767 
25 =1-480, 1°480 1-48 25 00-0945, 0-0925 0-0935 
Chlorobenzene. Bromobenzene. 
15 0-262, 0-265, 0-265 0-264 15 0-251, 0-247 0-249 
20 0-305, 0-300, 0-310 0-305 20. 0-306, 0-300, 0-314 0-306 
25 0-353, 0-356 0-354 25 0-378, 0-371 0:374 
T'etrachloroethylene Ethylene bromide. 
15 0-0638, 0-:0663 0:0650 15 ~=—s- 11-03, 1-05 1-04 
20 0-0871, 0-0850, 0-0815 0-0845 20 =: 11-28, 1-32 1-30 
25 =0-108, 0-108 0-108 25 1-61, 1-61 1-61 
Toluene. Diisoamyl ether. 
15 0-239, 0-241, 0-231, 0-237 15 0-572, 0-564 0-568 
0-237 20 0-691, 0-698 0-695 

20 0-296, 0-300 0-298 25 0-839, 0-851 0-845 
25 0-376, 0-364 0-370 


Discussion OF RESULTS. 

Except in the case of ions, very few attempts have been made to 
treat theoretically the energy changes connected with the trans- 
ference of a molecule from one medium to another. The problem 
is in general very complex, but the author has previously pointed 
out (J., 1931, 13871; Trans. Faraday Soc., 1931, 27, 797) that for 
certain molecules (notably H,O and NH,) the change in the electro- 
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static energy of the dipole may be expected to be one of the chief 
factors. It was shown that, by taking a simple model for a dipole 
molecule and treating the solvent as a continuous dielectric, the 
following expression is obtained for the free energy of transferring 
1 mol. at constant volume from a vacuum to a medium of dielectric 
constant D, 


(Nou?/3a)[(D —1)/(2D +1)... ~~ Q) 


where N, = number of molecules in 1 mol.; » = dipole moment; 
a = radius of dipole molecule. 

The corresponding expression for the heat of transference at con- 
stant volume is therefore 


ga A — 724. Nut (D—1 37 = aD) 
¥ ; 


oT = 3a? 12D+1 (2D+ 1)? ar) 
which we shall write as 
_ Nov? } 
Y= 33 ¢(D) | ; 
where b tier ong 
D—1 3T' aD 
(D) = sp 1 ~ @D +1)?" 4 


In the second paper quoted above, it was shown that equation (1) 
is in semi-quantitative agreement with the experimental results for 
the solubilities of water and ammonia in various solvents. The data 
given above for the heat of solution of water provide another test of 
the theory. 

The magnitude of the discrepancies to be expected may be 
estimated by examining the data for the heats of solution of non- 
polar gases (cf., e.g., Lannung, J. Amer. Chem. Soc., 1930, 52, 68), 
which should be zero according to the present treatment. They 
show a variation of about + 1 kg.-cal. per mol., so that only mole- 
cules having a dipole energy change considerably larger than 
this can be expected to show any agreement with equation (3). 

Table II contains the values of Q (in kg.-cal.) calculated from the 
results in Table I, and in addition values for other solvents (marked *) 
calculated from the solubility of water in these solvents at different 
temperatures. The data have been taken from “ International 
Critical Tables,’ only those cases being used in which the mutual 
solubility is low. The values of Q were calculated according to 
equation (la), p being in this case the vapour pressure of water. In 
each case Q was found to be constant over the whole temperature 
range. 

The values of D and @D/d7' are from “ International Critical 
Tables,” except for ditsoamyl ether, where the results of Estermann 
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(Z. physikal. Chem., 1927, B, 1, 152) are taken. In many cases the 
true values of 0D/0T' are considerably in doubt, which causes some 
uncertainty in the values of ¢(D), especially for low values of D. 
éD/eT for tetrachloroethylene has not been experimentally deter- 
mined, and the value given is based on analogy with carbon 
tetrachloride. 


TABLE ITI. 

Solvent. D. —1000D /aT. ¢(D). Q. 
Carbon tetrachloride ......... 2-24 0-14 0-266 5-16 
Tetrachloroethylene ............ 2-46 0-14 0-281 3-76 
SEMREIIRD sccheosechpoesssssSancoods 2-28 0-19 0-285 3-77* 
BEE cntbaveccedprcccccecvesdes 2-39 0-23 0-301 4-58 
Ditsoamyl ether ............... 2-82 0-52 0-376 5°13 
Ethylene bromide............... 4-86 0-8 0-424 4-58 
Ethyl acetate ..............00 6-4 1-5 0-459 7-55* 
Bromobenzene .........6sssee0e. 5-40 1-6 0-474 5-05 
NN, dh Raatctscaccesancocinades 7°25 2-5 0-495 8-10* 
Nitrobenzone ............ecccdee 36 18 0-510 5-36 
RS en ee ee 42 25 0-513 6-92* 
Dieting] ether ...csscoosesseodes 4-34 1-9 0-524 8-00* 
POPRMEOIYGD oocsccccccscscccosdes 14-5 7-7 0-525 6-40* 
Chlorobenzene ............sss00- 5-94 2-4 0-530 6-58 


In the figure the experimental values of @ have been plotted 
against ¢(D). The straight line represents equation (3), with the 
values up = 1:85 x 10°78, a= 1:03 x 10°8. The deviations of the 
experimental points are of the order of magnitude expected, ca. + 1 
kg.-cal. per mol. It therefore seems probable that the assumption 
of a spherical molecule and a continuous dielectric. gives at least 
approximate values for the dipole contribution to the energies of 
transference, a reasonable value being used for the radius of the 
molecule. In the absence of any reliable theory for the transference 
energy of non-polar molecules, and of accurate data for 0D/dT7’, it 
is impossible to make any stricter test. 

Equation (1) is based on purely thermodynamical reasoning, and 
is strictly true for small values of c, and c,. In previous papers 
(loc. cit.) the author has used the equation 


Ai EP Og, 0), oO ee 


for testing equation (2), expressing c, and c, as volume concentrations. 
Equation (4) has previously been employed extensively by other 
authors (see, e.g., Scatchard, J. Amer. Chem. Soc., 1925, 47, 2098; 
Bjerrum and Larsson, Z. physikal. Chem., 1927, A, 127, 358; 
Bjerrum, T'rans. Faraday Soc., 1927, 23, 445; Tammann, Z. anorg. 
Chem., 1928, 159, 17; Brénsted, Chem. Rev., 1928, 5, 296; Z. 
physikal. Chem., 1929, A, 143, 301). It should, however, be 
emphasised that equation (4) has no thermodynamic basis when 
¢, and cy refer to different media. It has, in fact, been pointed out 
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by Scatchard (loc. cit.) that the use of volume concentrations in the 
above expression is inconsistent with the theory of perfect solutions. 
Scatchard therefore employs the mole-fraction as unit, but the 
expression still lacks any strict theoretical basis except for two 
perfect solutions in equilibrium, for which c, = c, (in mole-fractions) 
and A is zero. In any case it is obviously impossible to apply this 
version of the equation to a system in which one phase is a gas under 
varying pressure. 
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Boltzmann’s theorem leads to an expression of the same form 
as equation (4), but it has been shown by Herzfeld (Miiller—Pouillet, 
“Handbuch der Physik,” section on kinetic theory) that in 4 
strict statistical treatment c, and c, are concentrations expressed 
in terms of “free volume,” i.e., the space between the solvent 
molecules. This concept of “ free volume ”’ is not directly accessible 
to experiment, and we may doubt if it corresponds to any real 
property of the liquid. 

It would thus appear that equation (4) has no strict theoretical 
basis in any concentration scale (except when c, and c, refer to the 
same medium). While it probably has a qualitative significance 
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when A is very large, it is certainly preferable to employ equation (1) 
in testing any theory of energies of transfer. 
The author expresses his thanks to Professor J. N. Brénsted for excellent 


working conditions and the privilege of many discussions on theoretical 
questions. 


UnIversiry, COPENHAGEN, DENMARK. [Received, August 30th, 1932.) 





444. The Reaction between Ethylene and Bromine 
in Carbon Tetrachloride. 


By D. MatrrHew WILLIAMS. 


Tue kinetics of the addition of bromine to ethylene in carbon 
tetrachloride solution in the dark was studied by Davis (J. Amer. 
Chem. Soc., 1928, 50, 2769), and his conclusions as to the nature of 
the addition process differed in several respects from those reached 
by the study of the addition of bromine to ethylenic compounds 
in which the double linkage is influenced by a carboxy] or carbethoxy- 
group (Williams and James, J., 1928, 343; Williams and Hanson, 
J., 1930, 1059). He found that the reaction is slow and of the 
bimolecular type, is strongly catalysed by water, is not influenced 
to any extent by added hydrogen bromide, and has a temperature 
coefficient less than unity. The addition of bromine to unsaturated 
acids and esters in a non-polar solvent has been shown to be essentially 
an autocatalytic reaction, strongly catalysed by added hydrogen 
bromide but only slightly by water, and invariably having a temper- 
ature coefficient exceeding unity. The expected effect of a carboxyl 
or carbethoxy-group on the double linkage is one of deactivation 
(Ingold and Ingold, J., 1931, 2354), and there is no apparent reason 
why the presence of the group should alter the whole nature of the 
reaction. 

For this reason the dark reaction with ethylene in carbon tetra- 
chloride solution was reinvestigated. The results differ in several 
important respects from those of Davis. By using dilute solutions 
and having the bromine always in excess, it has been possible to 
obtain concordant results, and these show definitely that the reaction 
is essentially an autocatalytic one, having an inhibition period of 
many minutes when the solutions are as dilute as is consistent 
with a fair degree of accuracy. With more concentrated solutions, 
the inhibition period disappears, but the second quarter of the re- 
action is still more rapid than the first. Since all the data pre- 
sented in this communication were obtained by bromine analysis 
of samples withdrawn from the reaction mixture, the initial con- 
centrations being obtained by extrapolation, the method could be 
used only when excess bromine was present. 
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It was found that the reaction was extremely sensitive to some 
catalyst, as stated by Davis (loc. cit.). In order to obtain con- 
cordant results, it was necessary to clean the glass reaction vessel 
in the same way each time and to use freshly made bromine and 
ethylene solutions. Even then, in a few cases, widely different 
velocities were obtained in duplicate runs. Davis suggests that this 
catalyst is water, and in order to test this hypothesis, the reaction 
was studied in a solvent which had a constant water content (about 
two-thirds saturated), through being in contact with a salt-hydrate 
pair such as Na,SO,-Na,SO,,10H,O (the method of Bury and 
Roberts, J., 1923, 123, 2037). The reaction was considerably 
accelerated, but was still definitely autocatalytic. It was thus 
improbable that traces of water could cause the wide discrepancies 
between certain duplicate runs; and further, a fairly large concen- 
tration would be necessary to cause the rapid reaction that follows 
the inhibition period when the reactants are in dilute solution. 

When the reaction proceeds in sunlight, it is extremely rapid and 
hydrogen bromide is visibly evolved. It can also be shown that 
traces of hydrogen bromide are produced when the reaction proceeds 
inthedark. As this substance is a most efficient catalyst for bromine 
addition to unsaturated acids and esters, it seemed likely that it is 
the catalyst in this reaction also. Davis, when studying its effect, 
forced the dry gas into tubes containing the reaction mixture. The 
solubility of the gas in carbon tetrachloride is very small and it is 
doubtful how much will dissolve under those conditions. A better 
test of its effect was to add a small volume of the saturated solution 
of it in the solvent to the reaction mixture during the inhibition 
period; when this was done, an extremely rapid reaction was 
observed, in which over 70% of the ethylene had reacted in 2 
minutes (i.e., the time taken to add the hydrogen bromide solution, 
shake, and withdraw a sample). In solution, therefore, the gas 
is an extremely active catalyst for the addition, and the autocatalysis 
is thus explained by preliminary substitution occurring before 
addition, as in the case of acids and esters. 

In studying the temperature effect, the solvent of constant 
water content was used, since more concordant results could be 
obtained in this way. The velocities of addition were determined 
at 0° and at 18°, with the reactants present in approximately the 
same concentrations, and the velocity at 0° was found to be much 
greater than at 18°. This phenomenon has also been observed with 
the gaseous reaction (G. Williams, this vol., p. 1747). 

The fact that autocatalysis is observed in the aqueous solvent 
makes it improbable that bromination occurs through the agency 
of a bromine hydrateas postulated by Davis (loc. cit.), while the strong 
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catalytic effect of hydrogen bromide on all bromine additions shows 
that this substance plays a most important part in the addition 
process. Maass and Wright (J. Amer. Chem. Soc., 1924, 46, 2664) 
have shown by means of freezing-point curves that molecular 
attraction is exerted between ethylene and hydrogen bromide 
molecules at low temperatures, and the effect of hydrogen bromide 
in the addition reaction may be due to this attraction, the bromine 
reacting with the loose molecular compound so formed. This 
would also explain why the reaction has a “ negative ’’ temperature 
coefficient. 


EXPERIMENTAL. 


Materials.—Br and CCl, were purified as described by Williams and James 
(loc. cit.). The C,H, was prepared by the dehydration of abs. EtOH by 
H,PO, (d 1-75) and purified by passage through the following series of wash- 
bottles : (1) empty and in a freezing mixture at — 30°, (2) H,O, (3) and (4) 
KOH aq., (5) and (6) conc. H,SO,, (7) a high tower containing P,O,. It was 
then bubbled under press. into the solvent, which was protected from atm. 
moisture. In this way it was possible to make a 0-03M-solution, but this 
lost C,H, rather rapidly if left at atm. press. The solution was forced into the 
reaction vessel directly by a current of dry air. 

Velocity Measurements.—The reaction vessel was made of Pyrex glass, 
with all-glass joints, allowing for the rapid introduction and mixing of the 
reactants; samples for analysis could be forced out by dry, CO,-free air into 
weighing bottles containing excess of KI aq., in which they were weighed. 
Since all the reacting solutions were dil., only a small approx. const. error was 
introduced by assuming the density of the solution to be the same as that of 
the solvent. These samples were then titrated against 0-02N-Na,S,0;, back 
titration being against 0-01N-I. 

The reaction vessel was cleaned with dil. NaOH aq., then with CrO, mixture, 
and was finally steamed out and dried. Approx. 200 c.c. of the C,H, solution 
were syphoned into it, and it was placed in a thermostat at 18° (+ 0-05°) in 
the dark. When it had attained the temp. of the bath, about 200 c.c. of a 
Br solution also at 18° were quickly added, the mixture was shaken vigorously, 
and a sample withdrawn for analysis. This withdrawal was generally about 
2 min. after the addition of the Br, and the initial titre could be calc. with a 
fair degree of precision by extrapolation. The final titre was obtained by 
allowing the mixture to stand until two results gave the same value. This 
necessitated that the Br should be in excess in every determination. 

HBr was added to the reacting solution in the form of a small vol. of a satd. 
solution in the solvent. This addition was done during the inhibition period, 
two samples having been withdrawn previously and analysed to show that the 
reaction was not proceeding with measurable speed. Owing to the fact that 
the vol. of the reacting mixture was not known accurately, the recorded concn. 
of the catalyst is only approx. 

In previous work when Na,SO,—Na,SO,,10H,O was used to keep the H,O 
content of the solvent const., the rate of addition in the presence of solid salt 
was greater than in the filtered solution, presumably owing to the surface 
action of the salt. In this work, the wet solvent was kept in contact with the 
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salt-pair until equil. had been attained, and the salt filtered off. The conen. 
of H,O in the solvent would then be approx. 0-0065M. 

Results.—Since the type of reaction observed depends essentially on the 
conens. and is autocatalytic when no catalyst is initially present, no velocity 
consts. have been calc. When HBr is added in measurable amount, the re- 
action becomes too rapid for accurate measurement and its order cannot be 
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found, The results are best represented graphically as in the figure. In the 
tabulated results, # is the % of C,H, that had reacted in time ¢(mins.). Except 
for the series carried out at 0°, the temp. was 18°, The initial concn. of the 
C,H, is given as a, and that of the Bras}, Out of a large number of experi- 
ments, only sufficient results are given in the following tables and in the 
figure to illustrate the factors that influence the addition process. 


ae II. ITI. 
a = 0-00595; a= 0-0136; a = 0-0061; 
6 = 0-0217. b = 0-0209. b = 0-0176. 
Added H,O = 0-0065. 
t. 2. t. x. t. x. 
12 0-9 2 2-3 2 0-5 
23 1-2 11 11-8 10 3-4 
33 1+5 21 23-3 19 14-1 
51-5 5:8 31°5 46-4 29 30-1 
73 17-4 46 62-2 47 60-2 
109 46-4 64 75-4 62 71-9 
133 75:8 93 87-6 109 89-3 
220 96-1 
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IV, at 0°. Vv. 
a = 0:0054; b = 0-0187. a = 0-0053; 6 = 0-0198. 
Added H,O = 0-0065. Added HBr = 0-005. 
t. x. t. 2. 
2 6-1 2-5 0 
13 40-1 ll 0 
22 67-0 22 HBr added 
34 78-0 23-5 73-6 
52 89-0 28-5 86-3 
82 95-0 
UNIVERSITY COLLEGE OF WALEs, 
ABERYSTWYTH. [Received, November 18th, 1932.]} 





445. The Occurrence of Two Inquid Phases and of 
a Minimum Density in the System Carbon Di- 
sulphide—Ethylene Dichloride. 


By Daze, Li. Hammuick and JoHn Howarp. 


It was shown by Whatmough (Z. physikal. Chem., 1902, 39, 129) 
that the composition—surface tension curve for mixtures of carbon 
disulphide and ethylene dichloride at 20° passes through a well- 
defined minimum. The surface tensions of the pure components 
being very nearly the same, this fact must be taken to mean that the 
van der Waals forces between the two types of molecule are less 
than the forces between the molecules of the pure substances them- 
selves. It thus seemed probable that mixtures of the two liquids 
would separate into two liquid layers, and an investigation of solid— 
liquid equilibria in the system was therefore undertaken. Not only 
was this anticipation fulfilled, but, in addition, a minimum was 
found in the composition-density curve in the region of the equi- 
molecular mixture. 


Purification of Materials.—Carbon disulphide. A good commercial specimen 
was shaken for 3 hr. with 3 portions of KMnQ, aq. (5 g./l.), then twice for 6 hr. 
with Hg, and finally with HgSO, aq. (2-5 g./l.). After drying over CaCl,, it 
was fractionated to 0-2°; b. p. 46-3°, D#'” 1-2563. 

Ethylene dichloride. A Kahlbaum specimen was repeatedly fractionated 
with a 10-bulb Young column and a fraction obtained of b. p. 83-4—83-6°; 
the first and the last portion of this fraction had D7?!" 1-2444. 

Temperatures of Solid—Liquid Equilibrium.—Mixtures of the two com- 
ponents were placed in a test-tube which was surrounded by a double air 
jacket, P,O, being placed in the annular air spaces to prevent condensation of 
moisture. The jacketed tube was placed in a bath of liquid air, the solution 
in the innermost tube being stirred mechanically. Temps. were read on a 
C,H,, thermometer previously standardised by determinations of the f. p.’s of 
pure CCl, (—23-0°), CHCl, (—63-2°), and CS, (—110°). Well-marked arrests 
were obtained, reproducible to +1-0°. These results are given in Table I 
and are plotted in the fig. (The m.p. of C,H,Cl, was found to be —32-5°.) 
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TABLE I. 
C,H,Cl,, 
mols. % ... 0-0 8-0 14-8 30°4 36-7 50-2 56-8 
Temp. ......... —110° —77° —66°  —53° -—49-5° —49-0° —49-0° 
C,H,Cl,, 
mols. % ... 60-4 62-7 67-0 69-7 17°4 84-7 91-8 
Temp. ......... —49:5° —48-5° —47-3° —46-5° —43-0° —39-5° —35-5° 


The flat portion of the curve at about — 50° indicated that separation into 
two liquid layers had probably occurred. Direct observation being impossible 
under the conditions of the above solubility expts., mixtures were sealed into 
glass bulbs of about 2 c.c. capacity and immersed in a bath of ligroin which 
had been cooled in liquid air to the desired temp. Mixtures having com- 
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positions corresponding to the flat part of the solubility curve became turbid 
at various temps. below about —30°. Owing to the smali difference between 
the densities of the components, distinct liquid layers were not observed and 
the temps. of complete miscibility could be determined only approx. (-+- 3°). 
The results are given below and are shown as crosses on the fig. : 
C,H,Cl,, mols. % .......+. 36-7 43-6 50-2 60-4 67-0 
DOME 0.6 ib bis eitecctwecsasls = G8 —40° — 33° —44° —53° 
The departure of the two liquids from the condition of ideal miscibility 
even at 50° above the crit. solution temp. is shown in Table II, where the 
densities of a series of mixtures are given: they were determined in a 12 c.c. 
pyknometer at 24-7° and are probably correct to 1 part in 10,000. The min. 
is at about 50%. 


TABLE -II. 

CH Cly mols. % . 5:00 7:99 14:75 17:50 22-50 30-37 
DY “2 1:2563 11-2491 11-2445 1-2432 11-2417 1-2378 
CoH Oly n oe % ... 43:58  56-76' 69:66 84-73 91-96 100-0 
pe rad, 1-2355 1-2353 1:2368 11-2400 1-2419 41-2444 


Tue Dyson PERRINS LABORATORY, 
Ox¥ForRD. [Received, November 26th, 1932.] 
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446. The Salt-forming Characteristics of Doubly- and 
Singly-linked Elements of the Oxygen Group. Part 
IV. Oxoniwm Phosphates of the Carbonyl Group, 
and Investigations with Derivatives of the Type 
CH,Ph:COR. 


By Jonn W. Baker and Lzsiie Hey. 
THE evidence (J., 1931, 307, 314; this vol., p. 1226) for the formation 
® 


——. | 
of carbonium-oxonium salts of the type ArCR:OH jX was restricted 
to solutions in sulphuric acid, and to cases where Ar=Ph. The 
investigation has now been extended to include (a) another mineral 
acid * and (b) the corresponding benzyl derivatives (Ar = CH,Ph) 
in which the carbonyl group is separated from the phenyl nucleus 
by a methylene group. 

(a) The observation that acetophenone and its p- and m-methyl 
derivatives unite with syrupy phosphoric acid in the cold to form 
crystalline additive compounds ArCOMe,H,PO, was first made by 
Klages and Allendorff (Ber., 1898, 31, 1300), who, however, assigned 
no structural formule to these derivatives, regarding them as loose 
molecular compounds. In view of the evidence obtained for 
solutions in sulphuric acid there would seem little doubt that they 
are actually the pseudo-salts ArCR(OH)-O-PO,H,, the condition of 
the carbonyl] derivative in phosphoric acid being represented by the 
equilibria 


® 
———, 8 
ArCR:0-+-H,PO, —= ArCR(OH)-0-P0,H, == ArCR:0H +-0-PO,H, 


Similar crystalline phosphates of benzaldehyde and anisaldehyde 
have now been obtained, the former possessing the minimum, and 
the latter the maximum, stability of those derivatives which have 
been obtained crystalline. 

No crystalline derivative could be obtained with ethyl benzoate 
(R = OEt), the other carbonyl derivative previously studied, but 
evidence of the existence of similar equilibria both with this ester 
and with ethyl p-anisate has been obtained by partition of these 
esters between ligroin and phosphoric acid. The results are in 
Table I. 

Although the position of equilibrium in these cases is evidently 
much more in favour of the free carbonyl derivative than it is in 
sulphuric acid solution, its further displacement in this direction 
either by dilution or by addition of a common ion (ammonium 
phosphate) is exactly analogous to that observed in the latter solvent. 


* The author is indebted to Prof. 8. Sugden for this suggestion. 
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The increased stability of the phosphoric acid derivative observed 
in the case of anisaldehyde is again evident in the case of the corre- 
sponding ester, and is in accord with the expected effect of the polar 
character of the methoxy-group. 


TABLE I. 


Partition of derivatives of the type Ar-COR between ligroin (b. p. 
100—120°) and sulphuric or phosphoric acid at room tem- 





perature. 
Proportion of Ar-COR in the ligroin layer, %. 
R = Me. R = OEt. 
A. rl —— 
(a) Without (6b) With 
Conc. of acid, %. NH, salt.* NH, salt. (a). (b). 
Ar = Ph 
OF — _— 67-7 954 
ok AR « i. 99-0 99-0 
Ar = p-MeO’C,H, 
|} 8 er — — 15-5 41-8 
88 H,PO, eee eeeeee — o— 59- 8 100-0 
ea "30,1 re 
free So, > or 3- 0 4-1 
160 HBO sy me ~: 4-0 (5-4)t 6-9 (15:5) 
"98 Hao RARE TR 1-9 3-0 ~- os 
90 H,SO, ............ 2-3 9-2 8-3 B (I 11-7) 81-8 (98-1) 
pelea 8-2 86-8 i 
? | a AEA 9-6 18-0 48-3 ( (67-7) 91-5 (95-7) 
BS HePO, 20.2000. 29-7 56°5 99-1 (99-0) 99-1 (99-0) 


* (NH,),8O, for H,SO,; (NH,),HPO, for H,PO, experiments. 
+ For comparison the corresponding values for Ph-CO,Et are given in 
parentheses. 


(6) It would be anticipated that the salt-forming power of the 
carbonyl oxygen in the benzyl derivatives, althqugh of an order 
comparable with that in the corresponding pheny] derivatives, would 
possibly be slightly greater than in the latter owing to the inductive 
(+) effect of the benzyl group PhCH, ——> CR:O, which would 
tend to increase the affinity of the unshared oxygen electrons for a 
positive charge. This conclusion is supported by the results, 
summarised in Table I, of partitioning ethyl phenylacetate and 
benzyl methyl ketone between ligroin and either sulphuric or 
phosphoric acid of various concentrations. 

The close similarity of these results with those obtained for benz- 
aldehyde (J., 1931, 307) and ethyl benzoate (this vol., p. 1226) 
indicates that the distribution of the entities in the equilibria 

2 


HO-SO,H + _. nae 
PhCH, CRO PhCH, OR<OH S0,H == PhCH,CR:0H + 
0-OS,H 


Soluble < Insoluble in ligroin 


¥ 








is comparable in the pheny! and the benzy] series. 
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With regard to the effect of the positive charge of the carbonium-— 
oxonium kation on the proportion of m-substitution occurring in 
sulphuric acid solution, important differences in the two series are at 
once apparent. In the phenyl series the juxtaposition of the 


b+8—- 
fractional dipole C0 (Baker and Ingold, J., 1927, 832) to the 
benzene nucleus renders even the neutral molecule largely m- 
directive, so that any increased m-substitution arising from the 
integral positive charge distributed on the kation is necessarily 
relatively small. In the benzyl series, however, the intercalation of 
the methylene group exerts a large damping influence on the effect 
of the fractional dipole, so that, in the neutral condition, benzyl 
methyl ketone and ethyl phenylacetate are nitrated mainly in the 
op-positions. In sulphuric acid solution, however, the proportion 
of the integral positive charge which is located on the carbon atom 
should give rise to a relatively much greater increase in the pro- 
portion of m-substitution, since the condition of the kation approxi- 
mates towards that present in the neutral phenylnitromethane 
molecule. The series giving the % of m-substitution (R = Me) 


6+ 6— 6+ 6— 
N—-¢:0 § Son \—>-CH, + ¢:0 
R a R 
671* an 18?* 
® 
——! -} _ 
S CH 7108 \—>cH, —>)—-0 
292 673 


* These figures, together with those for f- ee Lager) (138% m), 
indicate that the m-directive power of the fractional dipole a! 0 is Pinatas 


ately equivalent to that portion of the effect of the integral dipole NO, which 
is transmitted through a saturated CH, group. 

1 Baker and Moffit, J., 1931, 314. * This communication. * Baker, J., 
1929, 2257. 


and the more detailed results summarised in Table II amply support 
this conclusion. 

In the benzyl series the rapid substitution of the op-directing 
neutral molecule (presumably present in equilibrium with the 
oxonium kation) precludes nitration in the presence of sulphuric 
acid containing free sulphur trioxide, or even 100% acid, owing to 
the occurrence of either sulphonation or dinitration as a side-reaction, 
and this condition limits the concentration of sulphuric acid employed 
to a maximum of 95%. Since such conditions are conducive to 
hydrolysis of the salt-form, the degree of m-substitution observed for 
the kation must be regarded as a minimum value. The effect of 
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addition of ammonium sulphate in both the nitration and the 
partition experiments is exactly similar in magnitude and type to 
that discussed in previous papers. 


TaBLeE II. 
Nitration of derivatives of the type CH,Ph-COR under various 
conditions. (Nitric acid, d 1-53.) 


Mean proportion of m-isomeride formed, %. 
(Error + 1—2%.) 





Conc. of H,SO,, ‘ 
%. (a) Without (NH,),SO,. (6) With (NH,),S0O,. 
R = Me 90 28-6 19-9 
85 23-7 21-4 
80 18-3 18-9 
0 18-1 - = 
98 * 19-2 — 
R = OEt 100 30-8 = 
90 25-0 18-2 
80 16-9 (ea. 21) 
0 ll ft — 


* H,PO, used. 
+ Baker and Ingold, J., 1927, 832; Fliirscheim and Holmes, J., 1928, 1607. 


The results obtained with ethyl phenylacetate also throw light on 
one other aspect of the problem. It has already been noticed (Part 
IIT) that, in the case of the carbethoxy-group, the possibility of 


oxonium-salt formation on the singly-linked oxygen 0:0-OHEt}X, 
cannot be theoretically excluded. In such a case there exists no 
electronic mechanism (such as is present when the carbony! group is 
involved) whereby the positive charge can be transferred to the 
6-carbon atom, and its directive influence could only be transmitted 
to the benzene nucleus by induction through two iptervening carbon 
atoms. 


® 

@ tie 

\—> CH, >> OHEt \S—>CH,—>(:0H 
0 OEt 


The data relating to the nitration of 8-phenylnitroethane (13% m; 
Baker and Wilson, J., 1927, 842) and 8-phenylethylammonium salts 
(19% m; Goss, Hanhart, and Ingold, ibid., p. 250) indicate that 
under such conditions the increase in m-substitution would be 
exceedingly small. Actually, however, it is found that on nitration 
of ethyl phenylacetate in sulphuric acid solution the proportion 
(25%) and also the increase (14%) in the proportion (relative to 
nitric acid alone) of the m-nitro-isomeride formed is approximately 
the same as that given by benzyl methyl ketone (29% and 11%, 
respectively). Hence it appears. that at least the major portion of 
the effect must be due to salt-formation on the doubly-linked 
oxygen of the carbonyl group. 












— 





Is 





DOUBLY- AND SINGLY-LINKED ELEMENTS, ETC. PART Iv. 2921 


EXPERIMENTAL. 


Materials.—The CH,Ph*COMe, purified by conversion into its NaHSO, 
derivative, steam distillation, and fractionation, had b. p. 94°/11 mm. Its 
p-nitrophenylhydrazone, cryst. from AcOH, had m. p. 143° (Found: C, 66-2; 
H, 5-6. C,;H,,0,N, requires C, 66-9; H, 5-7%). The CH,Ph-CO,Et was 
purified by fractional distillation and had b. p. 227°/760 mm. 

The ligroin was B.D.H. A.R. petroleum, b. p. 100—120°, free from aromatic 
hydrocarbons. A.R. H,PO, (88% by titration) was converted into approx. 
100% H,PO, by dissolution of P,O,, the excess being filtered off through glass 
wool (Found by titration : H,PO,, sample I, 97-83%; sample II, 98-0%). 

Preparation of Crystalline H,PO, Salts.—A.R. 88% H,PO, was added to an 
excess of the carbonyl compound, and the whole cooled in ice (when necessary) 
until erystn. occurred. The crystals were washed with ligroin (b. p. 40—60°), 
erystallised from the pure liquid carbonyl compound, which helped to remove 
free H,PO,, washed with ligroin, drained, and kept in a vac. desiccator for ca. 
lhr.: a weighed amount was then decomp. with H,O, and the P estimated as 
Mg,P,0,. Thus were obtained the phosphates of PhCHO (Found: P, 17-7. 
C,H,O,H,PO, requires P, 15-2%) and p-MeO-C,H,-COMe, m. p. 82° (Found : 
P, 13-7. C,H,O,,H,;PO, requires P, 13-3%). The PhCHO compound was 


TABLE III. 


Partition of derivatives of the type Ar-COR between ligroin and — 
H,SO, or H,PO, at room temp. 


Ligroin = 20c.c. H,SO,(H,PO,) = 5c.c. NH, salt = 2 g. 
Data relating to ligroin layer. 








C.c. of 
G. of p-nitrophenyl- 0-4420N-KOH G. of Ar-COR in 
hydrazone in for ester in 20 c.c. 
10 c.c. 10 c.c. 
Cone. of Ar-COR (a) With- (b) With 
acid, %. taken, g. out NH, NH, —_——_ ; ne 
salt. salt. (a). (b). (a). (b). 
R = Me (Ar = CH,Ph) 
95 0-5018 0-0098 0-0151 = a 0-:0098 0-0151 
90 0-4798 0-0107 0-0439 —- -- 0-0107 0-0439 
80 0-4750 00-0389 0-4121 — 0-0389 § 0-4121 
98* 0-4948 00-0474 0-0892 = a 0-0474 0-0892 
88* 0-4782 00-1452 0-2700 _ = 0-1452 0-2700 
R = OEt (Ar = CH,Ph) 
H,S0, + 
5% SO, =1-2120 = -— 0-25 0-34 0-0362 0-0493 
100 1-1964 = — 0-33 0-57 00478 0-0826 
90 1-2232 -— -— 0-35 690 0-1015 1-000 
98* 0-9256 -— -—- 3°10 5-86 04482 0-8482 
88* 0-9390 ~- 643 643 0-9312 0-9312 
R = OEt (Ar = Ph) 
98* 1-0713 a —- 5-47 7-73 0-7255 1-0260 
88* 1-0713 _ = 8-01 8-01 1-0606 1-0606 
R = OEt (Ar = p-MeO-C,H,) 
98* 1-0880 _- _- 1-06 2-86 01686 04551 
88* 1-0880 -— — 4-38 6-84 0-6970 1-0880 


* H,PO, used. 
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very unstable and lost PhCHO during isolation. The phosphates of PhCOMs 
(Found: P, 15-3. Cale.: P, 142%) and p-C,H,Me-‘COMe (Found: P, 
14-0. Calc.: P, 13-4%) were similarly prepared (cf. Klages and Allendorff, 
loc. cit.). 

Partition Haperiments.—These were carried out as previously described, 
The proportion of ketone in the ligroin layer was determined gravimetrically 
as its p-nitrophenylhydrazone (cf. PhCHO; J., 1931, 307) and the ester by 
quant. hydrolysis with 0-442N-KOH in EtOH (cf. PhCO,Et; this vol., p, 
1226). The results are in Table III, from which those in Table I are derived, 

Nitration Experiments.—{a) In H,SO,. The CO-derivative was run with 
mechanical stirring into the nitrating medium at —10° to —15° during } hr., 
and the mixture stirred in the freezing mixture for a further hr. while the temp, 
rose to —5°. It was then poured on ice and an excess of KHCO, and worked 
up as usual, The bulk of the material not obtained as neutral mononitrated 
derivative was accounted for by the acid products formed by oxidation during 
nitration. 

(b) In H,PO,. A solution of 3-335 g. of CH,Ph-COMe in 36-8 g. of 98% 
H,PO, was run into 15 g. of HNO, (d 1-53) containing a little P,O, at 0° to 
—65°. After 14 hr. the mixture was worked up as in the H,SO, cases. The 
quant. result obtained, however, is not reliable, since some cryst. material 
separated from the neutral nitration product. This, after draining on porous 
porcelain and crystn. from EtOH, had m. p. 106° (? 2 : 6-dinitro-isomeride). 
The nitration results are in Table IV. 


TaBie IV. 


Nitra- HNO, Conc. of Am,SO, Product, g. 
tion CH,Ph’COR (d1-53), H,SO,, H,SO, added, — ~-—— —. 
No. en, g. g- g- %. g- Neut. Acid, 

R = Me 
1 2-946 3 60 90 0 2-554 1-181 
2 3-026 3 60 90 0 2-881 0-802 
3 3-623 3 60 90 0 3-476 -- 
4 3-085 3 60 90 12 2-843 0-791 
5 3-213 3 60 90 12 3-104 0-494 
6 3-788 3 60 90 12 3-631 — 
7 4-062 3 70 85 0 4-288 — 
8 4-174 3 70 85 12 4-884 _ 
9 3-883 3 70 80 0 4-358 _ 
10 3-911 3 70 80 12 4-123 -— 
11 2-688 25 0 0 0 3-499 _ 
12 5-024 50 0 0 0 6-592 — 
13 3-335 15 36-8* 98* 0 3-798 — 
R = OEt 
14 4-907 1-9 30 100 0 6-120 _ 
15 3-977 3 60 90 0 4-955 — 
16 3-989 3 60 90 12 4-532 — 
17 3-072 2°3 45 80 0 3-550 — 
18 2-997 2-3 45 80 9 2-738 _ 
* H,PO, used. 


Determination of the Isomerides.—This was effected by oxidation to the 
mixed nitrobenzoic acids, which were determined by Flirscheim and Holmes’s 
method (J., 1928, 448) in the usual manner. In the case of CH,Ph-*COMe 
optimum oxidation yields were obtained by employing 3% KMn0Q, in neutral 
solution (CO, stream) in a bath at 130°. Details are summarisod in Table V. 
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TaBLe V. 
Recovered. 
td 
: bi oe Composition of acids, 
= Zi aS R-OO,H, mols. %. 
Neut. Q = 4 R= Nitro- 
Nitra- prodt. Acids 2 A s -————..__— isomerides, %,. 

tion oxid., ee] 0] 3] NO,°0,H,. nw 
No. g. obt. sep. ro} ‘oy fay O,H,. op. m. op. m, 
1 1-76 1-324 0-573 0-068 0-580 0-265 19-7 55-7 24-6 69-4 30-6 
2 1-969 1-445 0-712 0-047 0-737 0-354 10-8 62-6 26-6 70-2 29-8 
3 1-596 1-124 0-659 0-080 0-683 0-277 19-7 58-0 22-3 712-3 27-7 
1-156 0-890 0-666 0-055 0-675 0-272 14-0 63-4 22-6 73-7 26°3 

4 1-703 1-324 0-610 0-003 0-820 0-269 78 71-5 20-7 77-4 22-6 
5 1-827 1-383 0-715 0-031 1-006 0-256 6-4 76-4 17-2 81-6 18-4 
6 1-600 1-190 0-624 0-040 0-834 0-234 9-4 72-6 18-0 80-2 19-8 
1-201 0-925 0-622 0-019 0-869 0-228 4-6 17-6 17-9 81-2 18-8 

7 2-022 1-624 0-621 0-027 0-671 0-236 77 70-4 21-9 76:3 23-7 
8 2-456 1-:717% 0-658 0-085 0-832 0-257 17-9 64°5 176 18-6 21-4 
9 1-912 1-336 0-638 0-025 0-878 0-222 5-9 76-9 17-2 81-7 18-3 
10 2-442 1-594 0-613 0-090 0-629 0-166 23-9 61-7 14-4 811 189 
11 1-711 1-150 0-612 0-015 0-881 0-215 3-6 79-3 17-1 82-3 17-7 
12 1-830 1-342 0-608 0-016 0-809 0-215 41 77-7 18-2 81-0 19-0 
3-033 2-186 0-602 0-014 0-825 0-200 3-6 79-4 17-0 82-4 1746 

18 2-990 1-650 0-626 0-089 0-835 0-222 9-3 73-4 17:3 80-8 19-2 
14 2-220 1-189 0-609 0-041 0-751 0-378 9-3 62-8 27-9 69-2 30-8 
15 3-068 1-516 0-678 0-014 0-861 0-337 3-2 71-9 24-9 14:3 26-7 
0-607 0-007 0-810 0-294 17 74-4 23-9 75-7 24:3 
16 3-000 1-883 0-676 0-014 1-009 0-244 3-0 79-9 17-1 82-5 175 
0-655 0-006 0-907 0-238 1-4 80-0 18-6 81-2 188 

17 2-273 1-621 0-645 0-015 0-963 0-222 3-4 80-3 16-3 83-1 16-9 
18 2-335 1-607 0-648 0-385 0-189 0-058 81-2 14-7 41 735 215 


® Mechanical loss. 


The authors thank the Government Grant Committee of the Royal Society 
for a grant. 
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447, The Salt-forming Characteristics of Doubly- and 
Singly-linked Elements of the Oxygen Group. 
Part V. The Rotation of Camphor im Strong 
Mineral Acids. 


By Joun W. Baker. 


Tue observation that solutions of d-camphor in concentrated 
sulphuric acid are strongly levorotatory was first made by Landolt 
and his collaborators (Vogel, Diss., Berlin, 1892) and has been 
confirmed by Lucas (Ann. Physique, 1928, 9, 444, where references to 
earlier observations are cited) and Patterson, Dunn, Buchanan, and 
Loudon (this vol., p. 1715). These investigators, however, con- 
cluded that the change in sign of rotation ([«]) — 60°) is to be 
ascribed to a purely physical solvent effect. Lucas gave the follow- 
ing reasons for his conclusion that the change in rotation cannot be 
the result of any chemical interaction between camphor and sul- 
phuric acid : (1) the rotation of the solution remains constant, com- 
bination with the enol form thus being excluded; (2) camphor- 
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sulphonic acids are formed only by heating at 95—100°, and, more. 
over, when formed are dextrorotatory; (3) camphor is regenerated 
on dilution of the acid solution with water; and (4) it is possible 
to obtain intermediate values for the rotation by using mixtures of 
solvents such as sulphuric—acetic acids or sulphuric acid—water. 

The investigations ‘described in earlier parts of this series (J., 
1931, 307, 314; this vol., p. 1226, preceding paper), however, have 
supplied definite evidence for the view that the formation, in sul- 

ak Bie. 

phuric acid solution, of oxonium salts of the type ArCR:OH}HSO, 
is a general property of the carbonyl group, and during the discussion 
on one of these communications (Chem. and Ind., 1932, 231) Pro- 
fessor Lowry suggested that similar salt formation is responsible for 
the observed change in sign of rotation of d-camphor in sulphuric 
acid solution, a view which could be tested by application of the 
methods developed in this series of investigations. 

Carr and Reynolds (J., 1910, 97, 1328) have already directed 
attention to the large changes in rotation, often involving changes in 
sign, which result from the conversion of certain alkaloids into their 
salts, the rotation in neutral solvents being that of the free base, 
whereas in acid solution or in solutions of the salts it is the rotation 
of the ammonium kation which is under observation. Thus in 
aqueous solutions the specific rotations of aconine, nicotine, and 
l-sec.-butylamine (Pope and Gibson, J., 1912, 101, 1704) are [a] 
-+- 23-0°, — 77-9°, and — 5-0°, respectively, and the corresponding 
values for the ammonium kations are, respectively, — 8-8°, + 23-1°, 
and + 2-8°. Similarly in chloroform the free base hydrastine has 
[«]> — 63-8°, whereas for the sulphate in the same solvent the value 
is + 7-44°. It seems reasonable to suppose, therefore, that the 
levorotation of solutions of d-camphor in concentrated sulphuric 
acid is due, not to the free camphor molecule, but to either 

B 
the oxonium kation C,H,,C:OH or the corresponding ,¢-salt 
C,H, .C(OH)-O-SO,H, the condition of the ketone in this solvent 
being represented by equilibria precisely analogous to those pre- 
viously postulated for various aromatic carbonyl] derivatives : 


® 
HO-SO,H + F bos diner 
CyH,C20 => CoH eC(OH)-0'S0,H = C,H, ,C:OH + 
0-SO,H 
Soluble < Insoluble in ligroin 








Considerable support for this hypothesis has been obtained by the 
application of the partition methods previously employed. The 
results for the partition of d-camphor between ligroin (b. p. 100— 
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120°) and sulphuric acid are in Table I. The camphor in the ligroin 
layer was determined by measurements of the optical rotation (see 
p. 2927). 
TABLE [. 
Partition of d-camphor between ligroin (20 c.c.) and sulphuric (5 c.c.) 
or phosphoric (5 c.c.) acid at 19°. 


Camphor, Cone. of acid, ¢-Camphor, %, in the ligroin layer, 
g- %. without NH, salt. with NH, salt. 
0-9102 H,S8O, 100 0-7 0-9 
(1-2682 100 0-2 0-9) * 
0-9102 90 0-5 9-0 
0-9102 85 1-3 26-9 
(1-2682 85 Ll 22:2) * 
0-9102 78 12-9 90-1 
(1-2682 78 12:1 94-5) * 
0-3641 100 1-8 1-9 
0-3641 90 1-3 11-5 
0-3641 85 2-7 65-4 
0-0910 100 lt 47 
0-0910 90 5+ 20-9 
0-0910 85 4+ 60-4 
0-9102 H,PO, 98 10-5 430 
0-9102 88 58-6 100- 


* Values obtained with the same sample of d-camphor but before purification. 
+ These values are only approximate owing to the small concentration of 
camphor and rotation values. 


The close similarity of these results to those previously obtained 
with aromatic carbony] derivatives is at once apparent, the equilibria 
being displaced from right to left either by dilution of the sulphuric 
acid or by the common-ion effect of added ammonium sulphate. 
Moreover, the observation that the partition coefficient between 
ligroin and sulphuric acid of any particular concentration varies with 
the concentration of the camphor is additional evidence that the 
solution in the acid is not a purely physical one. 

It is evident that none of the arguments brought forward by Lucas 
(loc. cit.) against the possibility of chemical combination is valid 
if oxonium salt formation is involved. Thus (1) and (2) are obviously 
irrelevant, and with regard to (3) and (4), addition of either water or 
the very weak acid, acetic, would displace the equilibria in favour of, 
free camphor—a specimen so recovered from sulphuric acid solution, 
after washing and drying but without further purification, had a 
dextrorotation identical with that of the original sample. 

Lucas also observed a small but definite levorotation ([a])p — 1-5°) 
of d-camphor in solution in 87% phosphoric acid. That this results 
from a precisely analogous salt formation (cf. preceding paper) is 
confirmed by the similar results obtained in the partition of d-cam- 
phor between ligroin and phosphoric acid which are included in the 
table above. In this case, moreover, a crystalline camphor phos- 
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phate [probably the y-salt C,H,,C(OH)-O-PO,H,] can actually be 
isolated. The much lower value of the levorotation and the 
relatively larger proportion remaining in the ligroin layer both 
suggest that, under the experimental conditions employed, the salt- 
forming power of phosphoric acid is much less than that of sulphuric 
(cf. Part ITI, loc. cit.). 

From the above results it is evident that the dissymmetry of the 
force field around the asymmetric carbon atom in d-camphor, 
causing dextrorotation of the plane of polarisation, is reversed by 

®@ 


conversion of the C:0 group into the kation -C:0H, and it would be 
expected, therefore, that the opposite dissymmetry present in /-cam- 
phor would be similarly inverted on salt-formation and that a solu- 
tion of /-camphor in sulphuric acid would be dextrorotatory. This 
is actually the case, a sample having [«];4,, — 70-9° in ligroin giving 
a value [«]54¢, + 75-4° in 95% sulphuric acid. 

If this explanation of the change in sign of rotation of camphor in 
sulphuric acid solution is correct, it would be expected that a similar 
change would be observed in esters of active camphoric acids, but 
that the magnitude of such a change would be smaller owing to the 
more weakly basic character of carbonyl oxygen when present in an 
ester group. It was found that the effect of salt formation is not 
sufficient actually to reverse the sign of rotation, but the large 
dextrorotation, [«];4g, -+- 60-3°, of methyl d-camphorate in ligroin 
solution is reduced to + 7-5° in sulphuric acid solution. 

In view of these results, the interesting observation of Carr and 
Reynolds (loc. cit.) that the rotation of hydrastine changes from 
+ 115-0° in 50% alcohol, through zero in 95% alcohol, to — 49-8° in 
absolute alcohol (similar changes being observed in acetone) suggests 
that possibly a definite chemical compound, readily hydrolysed by 
water is formed between the base and the solvent and that it is this 
compound which is responsible for the levorotation observed in the 
anhydrous solvent. 


EXPERIMENTAL. 


Preparation of Materials.—A.R. Camphor supplied by British Drug Houses 
Ltd. was purified by Lucas’s method (loc. cit.) and sublimed. The author 
thanks Professor C. K. Ingold, F.R.S., for the gift of a small specimen of 
l-eamphor, which was of sufficient purity to give a colourless solution 
H,SO, and was used without further purification. Methyl d-camphorate was 
prepared by esterification of d-camphoric acid with MeOH and H,SQ,, removal 
of the large quantity of acid ester formed with Na,CO, aq., and repeated frac- 
tionation. The sample used had b. p. 109°/2 mm. The H,SO, and H,P0, 
were prepared and their concns. determined as described in previous papers. 

Rotation of d-Camphor in Ligroin Solution.—In agreement with Lucas it 
was found that, although the sp. rotation of d-camphor is independent of the 

























the 
th 


ric 


the 
or, 


rin 
ilar 
but 
the 
not 


om 


ind 


the 


hor 
1 of 
| in 
was 
yval 
rac: 
PO, 











DOUBLY- AND SINGLY-LINKED ELEMENTS, ETC. PART V. 2927 


conen. over a considerable range (from ¢ = 4-5 toc = 1), it increases rapidly at 
low conens. The following vals. were obtained in a 2 dem. tube for the Hg 
green line, the usual precautions being taken. 


¢ (g-/100 €.0.) ......ccsesesseeeees 45511 36409 18204 0-9102 
CRE 6-69° 542° 268° 1-39° 
RE 73-5° 74:4° 73-6° 76-4° 
EBB.) cococerssescoszeoonne 04551 0-2276 00-1138 0-0228 
el cl TG 0-72° 0-40° 0-20° 0-04° 
RESET STS ATS a 791° 87-9° 90-1° 87-8° 


In the partition expts. the amount of d-camphor in the ligroin layer was 
determined by measurement of the rotation of the solution and reference to 
the smoothed curve obtained from these observations. 

The rotations of l-camphor and methyl d-camphorate in various solvents 
(2 dem. tube) are summarised below. 


Solvent. ce (g./100 ¢.c.). O54e1- falsaei- 

l-Camphor Ligroin 3-6402 — 5-16° —70-9° 
95-4% H,SO, 3°4904 +5-26 +75-4 

Methyl d-camphorate Ligroin 3-3980 +4-10 +60-3 
95-4% H,SO, 33984 +051 + 76 


Partition Experiments.—Partition between ligroin (b. p. 100—120°, free from 
aromatic hydrocarbons) and either H,SO, or H,PO, was effected in a manner 
exactly similar to that described in previous parts of this series. The results, 
at room temp. (19° + 0-5°), are in Table II, whence the results in Table I are 
obtained. 

Tasze II. 


Partition of d-camphor between ligroin and H,SO, or H,PQ,. 
Ligroin = 20c.c. H,SO,=5c.c. (NH,),SO, = 2g. 
Data relating to the ligroin layer. 





@s4¢1 (2 dem. tube). ‘Wt. of camphor, g. 


Camphor, Conc. of (a) Without (b) With / ——- 

g. H,S0,,%. Am,SO, Am,SO,. (a). (b). 
0-9102 99-8 0-05° 0-07° 0-006 0-008 
(12682 99-8 0-02 0-09 0-002 0-011) * 
0-3641 99-8 0-05 0-06 0-006 0-007 
0-0910 99-8 0-01 0-03 0-001 0-003 
0-9102 90-1 0-04 0-66 0-005 0-082 
0-3641 90-1 0-04 . 0-37 0-005 0-042 
0-0910 90-1 0-05 0-17 0-006 0-019 
0-9102 85-3 0-10 1-85 0-012 0-245 
(1/2682 85-3 0-12 2-12 0-014 0-282) * 
03641 85-3 0-08 1-80 0-010 0-238 
0-0910 85-3 0-03 0-47 0-003 0-055 
0-9102 78-1 0-91 6-06 0-1175 0-8202 
(1-2682 78-1 1-19 8-62 0-153 1-120) * 
0-9102 97-8 f¢ 0-76 2-91 0-096 0-391 
0-9102 88 + 3-96 6-69 0-533 0-9102 


* Unpurified sample of camphor. t H,PO, and (NH,),HPO, used. 


The author thanks the Government Grant Committee of the Royal Society 
for a grant. 


Tae Universiry, Lzeeps. 





[ Received, September 19th, 1932.] 









2928 KING, CRUSE, AND ANGELL: 


448. Researches on Ammines. Part VI. Nickel- 
ammine Salts in Aqueous Solution. 


By Hersert J. 8. Krnc, Artour W. Crusek, and FREDERICK G. 
ANGELL. 


Amines of bivalent metals usually differ from the more stable 
ammines of tervalent cobalt or chromium in that they smell of the 
co-ordinated base (ammonia, pyridine, etc.) both in the solid state 
and in aqueous solution. No exact information is available as to the 
extent to which the complex kation is decomposed in aqueous 
solutions of various concentrations. Dawson and McCrae (J., 1900, 
77, 1239) investigated the distribution of ammonia between chloro- 
form and aqueous solutions of various metallic salts; they recorded 
no data for nickel sulphate, but concluded, from the amount of 
ammonia required to give a clear solution with the salt, that the 
nickel complex was considerably more decomposed in aqueous 
solution than was the copper complex. Dawson (J., 1906, 89, 1666) 
recorded more exact distribution experiments with ammoniacal 
solutions of copper sulphate, but these usually contained consider- 
able excess of ammonia. 

In Part IV (J., 1930, 2307) values were obtained by one of us 
for the number of mols. of ammonia or pyridine combined with each 
g.-atom of copper in aqueous solutions of cuprammine nitrates, the 
excess freezing-point depressions of the pure salts over those of 
cupric nitrate at equivalent concentrations being attributed to free 
ammonia or pyridine, the concentration of which could then be 
calculated. For the hexapyridino-salt, the free pyridine per g.-atom 
of copper varied from 0-8 to 2-5 mols. between molar concentrations 
of 0-25 and 0-025. The hexammino-salt showed greater decom- 
position, to the extent of 5—6%, and the results for this complex 
were in excellent agreement with those of Dawson (loc. cit.) in the two 
cases where comparison was possible. 

Similar determinations have now been made on solutions of pent- 
amminonickelous sulphate and hexammino- and hexapyridino-nickelous 
nitrates, the proportion of free ammonia in the first case being 
0-6—1-3 mols. (molar concentrations, 0-3—0-075), and in the second, 
0-4—0-8 mol. (molar concentrations, 0:3—0-2). Thus hexammino- 
nickelous nitrate in aqueous solution proved to be more stable than 
the hexammino-cupric salt, comparison with the data recorded in 
Part IV (loc. cit.) showing that its decomposition in 0-2M-solution 
was only about 60% of that for the cuprammine. On the other 
hand, the proportion of free pyridine in solutions of the third salt 
varied from 1-5 to 3-3 mols. (molar concentrations, 0-25—0-05), 
and was therefore some 50% greater than for hexapyridinocupric 
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nitrate, for which the variation was 0- 8—2: 2 mols. between the same 
concentration limits. 

The method of calculation of these values involves the assump- 
tions that the complex salts ionise similarly to nickel sulphate and 
nitrate and that these nickel salts dissolve in water without co- 
ordination of water molecules. It was shown in Table III of Part IV 
(loc. cit.) that, if cupric nitrate dissolves in water as [Cu(H,O),](NOsz)o, 
the error introduced into the calculations is negligibly small at the 
lower concentrations and only reaches 1% in 0-175M-solution. 

Pyridino-derivatives of both nickel and copper salts give clear 
aqueous solutions however low the concentration, but when solutions 
of the corresponding ammino-compounds are diluted, a point is 
always reached at which precipitation of hydroxide or basic salt 
occurs. 

EXPERIMENTAL. 


Amminonickelous Sulphates.—Ammines with 6, 4, and 2} mols. of NH, in 
association with each Ni atom have previously been described. Rose (Pogg. 
Annalen, 1830, 20, 151) prepared [Ni(NH,),|SO, by treating anhyd. NiSO, with 
NH, gas. André (Compt. rend., 1888, 106, 937) and Erdmann (J. pr. Chem., 
1836, 7, 264) claimed to have prepared [Ni,(NH;),](SO,).,.7H,O and 
(Ni(NH,),)SO,,2H,O respectively by treating NiSO, aq. with NH, aq., but we 
have obtained only the monohydrated pentammine by this method. 

Pentamminonickelous sulphate monohydrate, [Ni(NH,);)80O,,H,O. 40 G. 
of cryst. Ni(NO,), (Co-free) were warmed with 120 c.c. of NH, aq. (d 0-880) till 
dissolved. To the cool filtered solution were added, drop by drop, 50 c.c. of 
EtOH satd. with NH,. The ppt. was washed successively with ammoniacal 
EtOH and Et,O, and left over-night in vac. over soda-lime. 25 G. of bright 
blue hexagonal plates were obtained (Found: Ni, 22-6; NH, 32-9; SO,, 
37-6. [Ni(NH;);|SO,,H,O requires Ni, 22-8; NH;, 33-0; SO,, 37-39%). Com- 
plete pptn. by adding excess of ammoniacal EtOH gave a less pure product. 
The compound dissolved in H,O to a bright blue solution, which could be 
diluted to a concen. of 0-05M before becoming turbid. The solid, when heated 
at 85° for 3 hr. lost 7% of its om and 25% of its H,O. 

Amminonickelous (J. pr. Chem., 1866, 97, 395) and 
Laurent (Ann. Chim. Phys., 1852, 36, 353) stated that they obtained respect- 
ively [Ni(NH,),](NO,),,H,O and [Ni(NH,),](NO,),,2H,O by addition of NH, to 
Ni(NO,), aq. André (loc. cit.) obtained only the hexammine when NH, solu- 
tions of Ni(NO,), were cooled or treated with EtOH. We have confirmed 
André’s results, and there appears to be no evidence for the existence of a 
tetrammine. Pyridino-derivatives of Ni(NO;), have not hitherto been 
described. 

Hexamminonickelous nitrate, [Ni(NH;),](NO;),. 20 G. of eryst. Ni(NO,), 
(Co-free) were dissolved in 25 c.c. of hot H,O, and the cooled solution was 
treated, drop by drop, with 25 c.c. of NH, aq. (d 0-880). The small bluish- 
violet octahedral crystals which were pptd. (8 g.) were washed and dried as 
above (Found: Ni, 20-6; NH, 35-9; N, 39-2. [Ni(NH,),](NO,), requires 
Ni, 20-6; NH,, 35-9; N, 39-4%). The compound dissolved fairly readily in 
H,0, but the solution became turbid on dilution to 0-175M. 
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Hexapyridinonickelous Nitrate, [Ni(C,H,N),}(NO;),.—20 G. of pure cryst, 
Ni(NO,), were dissolved in 50°c.c. of hot C;H,N. The solution was filtered 
hot, and the supersaturated filtrate crystallised when scratched. The product 
was washed successively with a little EtOH and Et,O (it was rather sol. in 
EtOH), and proved to be the required salt but in a hydrated and somewhat 
impure condition. The pure anhyd. salt was obtained from it as follows: 
H,O was completely removed by 2 weeks’ standing in vac. over H,SO,, and the 
dry product was then redissolved in boiling anhyd.C,H,N. The solution was 
left in vac. over soda-lime until the salt separated, as bright blue hexagonal 
plates, which were collected without washing, kept on a porous plate for a few 
days in vac. over soda-lime, and then transferred to a stoppered bottle which 
was kept in a desiccator containing C,H,N (Found: Ni, 8-9; N, 17-1; NO, 
18-6. [Ni(C,H,N),](NO,), requires Ni, 8-9; N, 17-1; NO,, 189%); NO, was 
estimated by the nitron method; and N by combustion, the substance being 
mixed with powdered KHSO, to prevent premature loss of C;H;N. The 
compound was very sol. in H,O and its solutions did not become turbid on 
dilution. 


TaBE I, 
PXi(NHs) 180. [Ni(NHy)s(NO), — [Ni(CsHgN)_(NO,), 
(M = 239 (M = 284-9). (M = 657-0). 
Car At. Av’. a. At. AY’ At. At’. a. 
0-050 — — — 0°583° 0-345° 2-74 
0-075 0-377° 0-186° 3-75 0-789 0-397 3-19 
0-100 0-452 0-236 0-983 0-463 3-50 


bitty 
llittys 
bbdddy 


0-125 0-531 0-248 4-00 1-183 0-535 3-65 
0-150 0-604 0-273 4-09 1-342 0-568 3-91 
0-175 0-670 0-291 4:17 —- 1-488 0-596 4-11 
0-200 0-723 0-306 4-23 1-326° 0-318° 5-20 1-630 0-622 4-26 
0-225 0-798 0-337 4-25 1-436 0-302 5-33 1-787 0-653 4-37 
0-250 0-849 0-345 4-31 1. 557 0-298 5-40 1-942 0-683 4-46 
0-275 0-907 0-358 4-35 1-668 0-279 5-49 2-052 0-663 4-65 
0-300 0-960 0-361 4-40 1-784 0-263 5-56 2-152 0-631 4-82 


Freezing-point Depressions.—The Beckmann apparatus was used. Solutions 
of analysed samples of the solid salts were employed, and an independent 
solution was prepared in duplicate for each concn. The f. p. depressions were 
measured immediately after the solutions had been prepared, and the values 
recorded are the means of two identical or closely concordant results. 


Taste II. 
NiSO,. Ni(NO,);- NH;. 

Ce. At. At/Cy. At. At/Cy. Ce: At. At/Cy. 
0-050 — — 0-266° 5-32 0-0667* 0-131° 196 
0-075 O-191° 2-55 0-392 5-23 0-111* 0-220 1-98 
0-100 0-236 2-36 0-520 5-20 0-149* 0-298 2-00 
0-125 0-283 2-26 0-648 5-18 0-186* 0-375 2-02 
0150 0-331 2-21 0:774 5-16 
0-175 0-379 2-17 0-892 5:10 C,H,N. 

0-200 0-417 2-09 1-008 5-04 0-157* 0-308° —-1-96 
0-225 0-461 2-05 1-134 5-04 0-179* 0340 1-90 
0-250 0-504 2-02 1-259 5-04 0-208 0-392 1-88 
0-275 0549 2-00 1-389 5-05 0-260 0-479 1-84 
0-300 0-599 2-00 1-521 5-07 0-320 0-580 181 

0-370 0-659 1-78 

0-400 0-705 1-76 
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In the tables M indicates the calc. mol. wt., C,, the concn. (g.-mols. added to 
1000 g. H,O), At the f. p. depression of H,O, A?’ the excess f. p. depression due to 
the ammine over that due to the corresponding Ni salt, and a the number of 
mols. of NH, or C;H,N still associated with the Ni atom. Blanks in Table I 
indicate that the compound was decomp. by H,0O. 

Table II gives the f. p. depressions for NiSO,, Ni(NO,),, NH;, and C,xH,N 
which were used in calculating the a values; e.g., for [Ni(C;H,N),](NO;), and 
Ni(NO,), at a concn. of 0-2M, the values of Az are 1-630° and 1-008° respect- 
ively; the difference of 0-622° corresponds to a free C,H;N concen. of 0+347M 
(by extrapolation from the C;H,N data, 0-622/C,, is found to be 1-79); hence 
the concn. of free C;H;N is 0-347/0-2 = 1-74M, and that of combined C,H,N is 
6 — 1:74 = 4-26M. 

The solutions of NiSO,and Ni(NO,), were prepared by dilution from solutions 
of known Ni content. The NH, and C,H,;N values indicated by an asterisk 
are taken from Part IV (loc. cit.); the others were determined experimentally. 


NorTHERN PoLyTEecunic, Lonpon, N.7. ([Received, November 29th, 1932. 





449. The Walden Inversion. Part IV. Conversion 
of Bromosuccinic Acid into Malic Acid. Part V. 
Conversion of Aspartic Acid into Chloro- or Bromo- 
succinic Acid, 

By Hans N. K. Rorpam. 


Part IV. 


AccorpInG to the theory developed in Parts I—III of this work 
(J., 1928, 2447; 1929, 1282; 1930, 2017), during the changes 
leading to a Walden inversion, one of the four groups attached to 
the asymmetric carbon atom is removed, and the remainder of the 
molecule oscillates between the two possible extremes corresponding 
to the d- and the /-configuration; this continues until the replacing 
group secures its position in the molecule, so that the resulting 
configuration of any one molecule is determined by the phase at 
which this group enters. It follows that two types of Walden 
inversion are possible according to whether the optically active 
molecule (1) loses a group either spontaneously or by reaction with a 
different type of molecule which does not contain the entering atom 
or group, or (2) collides with a molecule containing the entering 
group. Reasons were advanced for the view that inversions of 
type 1 give rise to both d- and /-forms in proportion depending upon 
the concentration, ionic strength, etc., whereas those of type 2 lead 
to only one of the two stereoisomerides, since at the moment of 
scission the entering group is always at the same distance from the 
carbon atom and therefore always enters at the same phase in the 
oscillation, 
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In Part ILI, this hypothesis was developed mathematically by the 
introduction of Maxwell’s distribution law and Einstein’s law of the 
displacements of molecules and ions in solution; an equation was 
thereby deduced for calculating n, i.e., that fraction of the reaction 
product which is stereologous * with the original asymmetric mole. 
cule. When applied to the reaction between potassium xantho- 
genate and potassium /-bromosuccinate, a reaction of type 1, the 
equation deduced gave values for » which were in good agreement 
with those found experimentally over a large range of concentration 
(0-0005—8-95M). 

The only other attempt to correlate concentration with the stereo- 
chemical form of the product is that due to Holmberg (Arkiv Kemi, 
Min., Geol., 1916, 6, No. 8) and applied to the same reaction. He 
supposed that two processes occur simultaneously, viz., a bimolecular 
reaction, wherein only the d-form of xanthogenosuccinic acid is 
produced, and a unimolecular reaction, which gives only the /-form. 
Since increase of concentration produces a relatively greater increase 
in the first than in the second reaction, it should lead to increasingly 
pure d-acid, and conversely, decreasing concentration should give 
purer /-acid. These deductions are, however, refuted by the experi- 
ments described in Part III, which show that, with decreasing con- 
centration, » passes through a minimum at ca. 0-004M (corre- 
sponding to 94% /-form) and then rises again, in accordance with 
the author’s theory, which requires that » = 0-5 when the con- 
centration approaches zero (Part III, p. 2020). Holmberg’s later 
work (Svensk Kem. Tidsskr., 1929, 41, 71) shows that he has mis- 
understood the author’s conceptions. 

Walden (Ber., 1899, 32, 1833), by acting upon (— )halogenosuccinic 
acid with water or certain metallic bases, got (—)malic of varying 
rotatory power, whereas other oxides or hydroxides gave (-+)malic 
acid, also of varying rotatory power. These results are often 
ascribed to structural differences, but since these appear to be 
inadequate to account for the phenomena, it was decided to rein- 
vestigate the reaction, and the results afford an explanation of the 
differences, from which it appears that solubility played an important 
part in Walden’s experiments. 

The hydrolysis of halogenosuccinic acids involves several com- 
plications. The malic acid is accompanied by fumaric acid, and the 
separation of these acids without affecting the rotatory power of the 
former is by no meanseasy. Walden, and others, obtained the malic 
acid by repeated evaporation to dryness and extraction of the residue 
with acetone ; by this method, fractionation of the acid into specimens 


* By this term is meant “stereochemically analogous ”’ ; similarly, “ astereo- 
logous’’ denotes stereochemical analogy with the optical antipode. 
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of different rotatory power cannot be avoided. On the other hand, 
its extraction from aqueous solutions is difficult on account of its 
great solubility and the lack of solvents which will not also extract 
the other reaction products (see below) and the unchanged halo- 
genosuccinic acid. 

Moreover (Holmberg, J. pr. Chem., 1913, 87, 471; 88, 553; 
Johansson, Z. physikal. Chem., 1913, 81, 573), the conversion of 
halogenosuccinic acid into malic acid takes place through the lactone 
of the latter : 


la-CH-CH.-CO-O 

(—)CO,Na-CHBr-CH,°CO,Na == (+)CO,Na’CH-CH,°CO-0 + NaBr. 
This process is unimolecular and reversible. By continuously 
adding silver nitrate to a neutral solution of sodium /-bromosuccinate, 
Holmberg prevented the reverse reaction and obtained a solution 
containing chiefly the sodium salts of the lactonic acid and malic 
acid. On standing, the former was hydrolysed, and a malic acid 
containing excess of (—)form was isolated. If, on the contrary, 
bases were added in excess, either to the solution or to the lactone 
itself (isolated by extraction with ether), a malic acid containing 
excess of (-|-)form resulted. Holmberg concluded that the reaction 
in alkaline solutions gives (-++)malic acid, and in acid solutions 
(—)malic acid. 

It will be seen from the following experiments that this view must 
be modified, but it is of great importance, in that the problem of the 
inversion in this case is reduced to that of the opposite effects of 
acids and of bases. 

These two final problems can only be solved by studying the effect 
of concentration upon the reaction, so as to examine it from the 
author’s point of view, and none of the published experiments are 
suitable for this purpose. 

After fruitless attempts to isolate the malic acid from the reaction 
product by mild treatment (see p. 2932), a process was devised which 
avoided the necessity for such isolation. A solution of the lactone 
of malic acid was prepared from (—)bromosuccinic acid, the lactone 
extracted with ether, and the extract divided into equal portions. 
For alkaline hydrolysis each portion was then extracted with an 
accurately measured volume of standard sodium hydroxide solution. 
The lactone is thereby rapidly hydrolysed even in 0-1N-alkali. 
Nitric acid exactly equivalent to the alkali used was added, and 
the free malic acid titrated. After addition of 0-5 mol. of ammonium 
molybdate per mol. of malic acid, the rotatory power was measured. 
(In the presence of this salt, signs of rotation are reversed.) 

In the experiments upon acid hydrolysis, portions of the ethereal 
extract of the lactone were added to accurately measured volumes 
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of standard nitric acid, and the ether evaporated at room temperature, 
(The acid hydrolysis takes considerably longer than the alkaline, 
but racemisation is much slower in acid solution, so the longer stand- 
ing did not introduce error from this cause.) Thereupon the nitric 
acid was exactly neutralised, and the rotatory power of the malic 
acid measured as before. By addition of sodium nitrate the ionic 
strength of the solution was brought to a fixed value during the 
hydrolysis in both acid and alkaline solutions. For calculation 
of n, the rotatory power of pure (—)malic acid was measured in the 
same concentration and the same ionic strength as in the various 
experiments. The results are in Tables I and II. 


TABLE I. 
Hydrolysis in acid solutions. 
({H"] = Hydrogen-ion concentration initially.*) 


RRNA RS 0-002 0-05 0:10 0-15 
gO AL 4+327-8° +302-5° 4+288-0° +264-0° 
"1 a OO 0-28 0-30 0-31 0-32 
Oa US 0-20 0-89 1-5 2-0 

Te green On Oa ID oo 4144-22 =—101-5° —126-0° —288-0° 
ers TP LOY eet ae et 0-40 0-57 0-59 0-69 


* In the first experiment, where no nitric acid was present, [H"] was calcul- 
ated on the assumption that the lactonic acid had the same dissociation 
constant as succinic acid, viz., 6-6 x 10°; in the other experiments [H’] is 
equal to the concentration of nitric acid used. 


TasBxeE II, 
Hydrolysis in alkaline solutions. 
({OH’] = mean of initial and final concentration of hydroxy] ion.) 


TT 2, cstiastinadraesniiileieles 0-26 0-52 1-14 
GOUT” ssassade dcitncecribsntiinsss —535° —528° — 546° 
eh leea isha aattenareamenniidantlh 0-86 0-86 0-87 


The present investigation consequently shows (see p. 2931) 
that the reaction in acid solution is of Type 1, and therefore, contrary 
to earlier views, can give either (—) or (+)malic acid according to 
the hydrogen-ion concentration, while the reaction in alkaline 
solution is of Type 2. 

In acid solutions the opening of the lactone ring must therefore 
take place spontaneously between the asymmetric carbon atom and 
the oxygen atom as shown by the dotted line : 


CH, 


HO-CO 
eg Seo 
HY “‘O 
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The molecule will then oscillate as usual, until it is transformed 
into malic acid by collision with a H,0° ion. In this ion, by the 
binding of a proton to a molecule of water, the valencies are so 
loosened that on collision with an oscillating molecule it readily 
yields a hydroxyl ion, and the more so because a hydroxyl ion is 
much more firmly bound to an alcohol radical (viz., the asymmetric 
earbon atom) than to a hydrogen ion. 

According to the views in this and the preceding papers the 
oscillating molecule, when reacting with the new entering sub- 
stituent in large concentration, must produce that form of the re- 
action product which is stereologous with the original asymmetric 
molecule, and consequently the (-++)malic acid, which is produced 
in the strongly acid solutions, must be stereologous with the 
(+-)lactone, which is formed from the (—)bromosuccinic acid. This 
agrees with the fact (Holmberg, Joc. cit.) that the (-+-)lactone acid 
with ammonia gives an amido-acid, which is hydrolysed to (-++)malic 
acid : 


HO-CO HO-CO. _,CH,-CO-NH, 
ae o —» eK ~aiste 
H’ oH 


1a —NH, H0-CO H,-CO,H 
+ NH, 
H OH 


Since no valency linkage of the asymmetric carbon atom is affected 
by these two reactions, no change in configuration can occur, and so 
the consequences of the theory of the oscillating molecule are verified 
by one of the few instances in which the relation between the con- 
figurations of different asymmetric molecules is known with 
certainty. 

The fact that the stereochemical result of the hydrolysis in 
alkaline solutions is independent of the concentration can be in- 
terpreted in two ways, because the opening of the lactone ring can 
occur in two different places, viz., between the oxygen atom and 
either (1) the asymmetric carbon atom or (2) the carboxyl carbon 
atom. 

(1) The very great velocity of the hydrolysis in alkaline solutions 
makes it probable that the opening of the ring is caused by collision 
with a hydroxyl ion, whereby the molecule is set into oscillation. 
If the opening occurs at the asymmetric carbon atom, the hydroxyl 
ion, which has caused the opening, must at the moment of scission 
be at a definite distance from the vacant place; the immediately 
ensuing addition must consequently (see Part II) normally take a 
definite time and therefore take place in a definite phase of oscillation 
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(the result shows that in this case it takes place in the first phase). 
The reaction is consequently representative of Type 2. 

The partial racemisation occurring in alkaline solutions in this 
reaction has two causes. Besides the usual partial racemisation, 
which normally accompanies reactions of Type 2, it must be assumed 
that the slow spontaneous opening of the ring, which in acid solutions 
produces the reaction of Type 1, also occurs in basic solutions 
independently of the main reaction and here contributes to the 
partial racemisation ; for the spontaneously opened molecules will 
oscillate as usual until they meet a new substituent (in alkaline 
solutions, a hydroxyl ion), which is then added in one or another phase. 

(2) The second possibility can equally well explain the formation 
of mainly one form of the reaction product, but in this scission the 
addition of a hydroxy] ion will not suffice for the formation of malic 
acid, the addition of a molecule of water being required. This 
is not impossible, but such a mechanism would not explain the great 
effect of hydroxyl ions upon the reaction velocity. The partial 
racemisation must here, as before, be explained by the slow spon- 
taneous opening of the ring. 

Finally, the transformation of (—)bromosuccinic acid into the 
intermediate (+-)lactone must necessarily be a reaction of Type 2, 
because the radical (viz., the carboxyl group) which is to be linked to 
the asymmetric carbon atom is part of the asymmetric molecule 
itself, and consequently the condition for Type 2, viz., constant 
distance between the vacant place and the new substituent, is 
fulfilled in this case. The partial racemisation, which normally is 
observed in Type 2, must in this special case be very slight. 

Since reactions of Type 2 do not afford any means of deciding 
the relation between the configurations of the reacting molecules, it 
is still uncertain whether the (+-)lactone is stereologous or not with 
(—)bromosuccinic acid from which it is produced. 

The experimental results are qualitatively summarised in the 
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Detailed examination of Walden’s papers shows that his experi- 
mental conditions, in spite of the presence of bases, ultimately 
produced acid solutions in all those cases in which (—)malic acid 
resulted. This is, of course, the case where water alone was used. 
Of the bases used in the first group mentioned on p. 2932 only 
thallous hydroxide is easily soluble, but even in this case, at least 
the last half of the hydrolysis was carried out in acid solution. In 
the group where (+-)malic acid was produced, the bases used were 
all (with one exception, see below) present in excess and most of 
them were relatively soluble and would produce basic solutions; 
the formation of (-+)malic acid was therefore to be expected. In 
one of the experiments with copper oxide, this was used only in 
equivalent amount, and alkaline reaction could not have persisted 
here. Moreover, the possibility of the formation of complex copper 
acids cannot be excluded (Holmberg, Ber., 1928, 60, 2198), and this 
would introduce complications, for other possibilities for the opening 
of the lactone ring must be considered and these require special 
experimental investigation. 

Bancroft and Davis (J. Physical Chem., 1931, 35, 1253) have 
recently investigated the effect of silver oxide and of buffer solutions 
upon (—)chlorosuccinic acid. Solutions of the acid were stirred 
with the oxide ; when equivalent amounts of the reagents were used, 
(—)malic acid was produced; but excess of silver oxide afforded 
(+)malic acid. In the first case the solution necessarily became acid 
during the hydrolysis; but in the second case, the stirring must have 
kept the solution alkaline, and the results consequently agree with 
those of Holmberg and of the author. 

In the other series of experiments, buffer solutions of glycine and 
sodium hydroxide were added to solutions of sodium (—)chloro- 
succinate. The py values of these mixtures (viz., 9, 10, 12, or 13) 
were measured electrochemically, and the consumption of base 
during the hydrolysis was compensated by successive addition of 
sodium hydroxide in such a way that the py was maintained nearly 
constant. In all these experiments (-+-)malic acid was produced, 
the rotatory power increasing with increasing py. 

Since, as shown in the present investigation, slightly acid solutions 
produce (—)malic acid, and moderately basic solutions produce 
(+)malic acid, it follows that a region of very slightly basic reaction 
must exist in which the stereochemical result varies with the py, 
and this is precisely what Bancroft and Davis found. With de- 
creasing p, the process of Type 1 produced by the slow spontaneous 
opening of the lactone ring, which also occurs in alkaline solutions, 
must finally become the dominant reaction, and as 7 in reactions 


of Type 1 at very low concentrations tends towards n = 0-5, com- 
5B 
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plete racemisation is here approached both from the basic and from 
the acid side. 

This theoretical point of complete racemisation will not necessarily 
coincide with the neutral point, for both H,O° ions and HO’ ions 
can produce (+-)malic acid as well as (—)malic acid, depending 
upon whether they meet the oscillating molecule in one or the other 
phase, and complete racemisation will therefore occur under con- 
ditions such that the rotatory power of the malic acid, formed 
by collisions of both H,0° ions and HO’ ions with the spontaneously 
opened oscillating molecules, is just compensated by the rotatory 
power of the (+-)malic acid produced by collisions between HO’ 
ions and the unopened lactone molecules. 

The other point of complete racemisation, which normally is to 
be found in Type 1, lies in the present case at about [H*] = 0-7, as 
seen from Fig. 1, in which the experimental values of n are indicated 


Fic. 1. 

















Alkaline solutions. Acid solutions. 
1:0 ee 
en ey a a mo eet Ae gr are ts io al 
1°0 10-7 10 2-0 


[OH] <- > [H"] 

by circles. From Part III it is known that the approach of n to 
0-5 at very low concentrations produces a curve, although the 
method of plotting used here shows an angle. ‘Similarly, the tran- 
sition part of the n curve, which could probably be substantiated 
by experiments upon the pure lactone in buffer solutions, is repre- 
sented as a (broken) straight line, but a different system of plotting, 
é.g., n against p_, would undoubtedly show a curve. 





EXPERIMENTAL. 

(A) Two identical solutions of the (-+-)lactone of malic acid were prepared. 
For each portion 7-98 g. of (—)bromosuccinic acid ([a]3, —74-64°) were dis- 
solved in 39-50.c.c. of 2:013N-NaOH, a few drops of K,CrO, aq. were added, 
and the solutions placed in a thermostat at 25°. After the lapse of h hours, 
az ¢.c. of 1+1M-AgNO, were added to ppt. the Br’ ion formed, the total vol. 
of AgNO, being denoted by y: 


Se vcotanchibhatel 0-5 1-0 1-5 2 2-5 3 3°5 
BW iiediisstsins 4-05 3-05 3-10 2-76 2-19 2-05 1-85 
PPE etek 4-05 710 10:20 1296 15:15 17:20 19-05 
ee 4-5 5-5 6-5 7-5 8-5 10°5 
iP -catmtacaneaks 3-15 2-88 2-05 1-83 1-88 2-30 

22- 5-08 7-13 30°84 33-14 
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The complete reaction requires 36-36 c.c. of AgNO,; consequently 90% of 
the acid had been transformed; in order to complete all the measurements 
as rapidly as possible, lactonisation was not carried further. To each portion 
were then added 5:5 g. of AgNO, and 1-7 g. of NaHCO,, both finely powdered. 

The Ag salts of bromosuccinic, fumaric, and malic acid thus pptd. were 
filtered off together with the AgBr, whereas the Ag salt of the (-+-)lactone 
of malic acid, being easily sol. even in neutral solution, remained in the 
filtrate, which was acidified with H,SO, and twice extracted with Et,0. The 
extract was sucked from the funnel through a fine capillary tube, so as to 
avoid contamination with traces of the acid liquid adhering to the walls of 
the separator. The extracts from both portions were united and divided 
into portions of 60 c.c., which were added separately to the solutions a,—a, 
and b,—, (see below), the alkaline solutions being contained in separating 
funnels, and the acid solutions in beakers. These solutions were: (a,) 45-0 
cc. 2:013N-NaOH; (a,) 22-0 c.c. 2-013N-NaOH + 23-0 c.c. 2M-NaNO,; 
(a,) 12-3 c.c. 2-013N-NaOH + 32-7 c.c. 2M-NaNO,; (6,) 45-0 c.c. 2N-HNO, ; 
(b,) 20-0 c.c. 2N-HNO, + 25-0 c.c. 2M-NaNO,; (6,) 4:5 c.c. 2N-HNO, +- 
40°5 c.c. 2M-NaNO,. 

(1) The alkaline solutions were shaken, the aq. layer separated, and the 
ethereal layer washed thrice with 10-0 c.c. of H,O; the aq. layer and washings 
were united, giving a total vol. of 75c.c. 2N-HNO, was now added in amount 
calculated to neutralise the NaOH exactly, 45-29, 22-14, and 12-38 c.c. respec- 
tively being used, and H,O was added to the second and third so as to bring 
them to the same vol. as the first (120-3 c.c.). 20-0 C.c. of each of these solutions 
were now titrated by 0-0903N-NaOH and required 12-10, 13-00, and 12-83 c.c., 
corresponding to 0-0273, 0-0294, and 0-0290M-malic acid respectively. 

After addition of 0-5 mol. of (NH,),.MoO, per mol. of malic acid the rotatory 
power was measured (/ = 0-5) : 


ay a>. Az 
RI ee Rs Se — 10 - 10° =— 106 
SIE coraseneesceiuemniats — 546 — 528 —535 


The whole process, from the neutralisation of thé bromosuccinic acid, 
occupied 14-5 hr. 

(2) The acid solutions were left at room temp. for 48 hr., the ether having 
then evaporated. The calc. vols. of 2-013N-NaOH, viz., 44-72, 19-87, and 4-49 
¢.c., were then added to b,, b,, and 6; respectively, and the solutions diluted 
to 1203 c.c. Titration of 20 c.c. of each by 0-0903N-NaOH required 4°70, 
9-15, and 10-00 c.c., corresponding to 0-0212, 0-0413, and 0-0451N respectively 
with regard to total malic and lactonic acid. 

To find the concentration of malic acid alone, 20-0 c.c. of each solution 
after addition of 20-0 c.c. of 2-013N-NaOH were heated on the water-bath 
for 0-25 hr. After cooling and addition of 20-0 c.c. of 2N-HNO, to each, 
titration was repeated with 2-013N-NaOH solution, 0-20, 0-40, and 0-49 c.c. 
being required, whence the concns. of the lactonic acid were calculated; after 
allowance for this, the malic acid formed in the acid hydrolysis was respect- 
ively 0-00466, 0-0147, and 0-0140M. 

The rotations of these solutions were measured (J = 1-0) after addition of 
05 mol. of (NH,),MoO, : 


b,- b». bs. 
OO 0 Ope S| — 018° — 020° + 027° 
ESAS MAY — 288° — 102° 4144° 
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(B) The ethereal solution of the (+)lactone was prepared as in (A) and 
divided in portions of 60 c.c. which were added to each of the solutions 1—6; 
these contained 0-0, 1-1, 2-2, 3-3, 33-7, and 45-0 c.c. of 2N-HNO, together 
with 2N-NaNO, sufficient to make the total vol. 45-0 c.c. in each case. After 
standing over-night, any remaining ether was removed in a current of air, 
and 3 days later, the calc. vols. of standard NaOH were added to neutralise 
the HNO,, and all were diluted with H,O to 120-8 c.c. 20-0 C.c. of each 
solution were titrated with 0-09005N-NaOH and required 11-80, 11-90, 11-76, 
12-07, 11-25, and 11-79 c.c. Allowance for lactonic acid was made as before, 
10-0 c.c. of 0-09005N-NaOH being added to each of the titrated portions. The 
molarities of malic acid were as stated in the following table, values of a 
being measured in a 1 dm. tube after addition of (NH,),.MoO,. 


No. Molarity of malic acid. a. [aj". 
1 0-0207 +0-91° +328° 
2 0-0212 + 0-86 +303 
3 0-0210 +0-81 +288 
4 0-0218 +0-77 + 264 
5 0-0212 — 0-36 —127 
6 0-0230 — 0-60 —195 


The rotatory power of pure 0-02112M-(—)malic acid under corresponding 
conditions in a solution that was also 0-75M in respect of NaNO, was found 
to be a + 2-18°; [a]$7 + 770°. The purest (—)bromosuccinic acid, re- 
peatedly recryst., had [aJ#, — 77-14°. Since the acid used for the experi- 
ments only had [a], — 74-64°, the calculation of n in this paper was based 
upon a malic acid of a rotatory power [a], = 770 x 74-64/77-14 = 745°. 

The rotatory powers of the malic acid produced in Expts. A,b, and B,6 
under the same conditions were different; the higher value must be the 
better, and is therefore used in Table I. 


Part V. 


In the reactions 
(—)Malic acid 


‘ 


gs? + 


(++-)Aspartic acid 
Ye SS 


* “x (—)Bromosuccinic acid 


Walden thought that transformation was effected by nitrosyl 
bromide, supposed to be formed when oxides of nitrogen were 
passed into the solution containing free bromine, but later, Holmberg 
(Ber., 1927, 60, 2194) showed that the free bromine could be replaced 
by bromides, and the reaction is now interpreted as a diazotisation. 

Since aromatic diazonium salts do not give off nitrogen until 
they have been transformed into the un-ionised syn-diazo-compounds 
(see, e.g., Hantzsch and Reddelien, “‘ Die Diazoverbindungen,” 
Berlin, 1921), it must be assumed that here also the formation of a 
corresponding un-ionised labile diazo-compound is an intermediate 
step in the reaction : 


CO,H-C CO,H-CH,~_,, 
'H0,¢>CH'NeBr —> “*? 79, @>CHBr + Ny 
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The removal of nitrogen linked to the asymmetric carbon atom 
will set the molecule in oscillation, but since the bromine atom is at 
a fixed distance from the asymmetric carbon atom, the reaction 
must be of Type 2, i.e., the bromosuccinic acid produced should 
be of constant rotatory power independently of the concentration 
(see Part IT, J., 1929, 1282). 

The author’s experiments were made by passing a stream of 
N,O, mixed with N, into ice-cooled aqueous solutions of (-+-)aspartic 
acid and hydrochloric or hydrobromic acid. The resulting halogeno- 
succinic acid was extracted with ether, thus avoiding the optical 
fractionation which would have resulted if the acid had been crystal- 
lised, a process which has obscured the type of inversion for this 
reaction in earlier investigations. The halogenosuccinic acid 
produced had constant rotatory power, although the concentrations 
in the various experiments were widely different, and consequently 
the reaction is of Type 2, as expected. 

The values of n (see Part IV) calculated from the rotatory power 
are shown below, the ionic concentration, [Br’] or [Cl’], being the 
mean between the initial and the final concentration in each case. 


Formation of bromosuccinic acid. 


gy ee 3°31 0-761 0-546 0-367 0-358 0-196 0-088 
D. cccccecevecvece 0-96 0:96 0-94 0-95 0-97 0-96 0-98 


Formation of chlorosuccinic acid. 


H 2 2-57 2-49 2-42 0-097 
BH svccdsovovvesce 0-96 0-95 0-95 0-95 0-94 0-96 


Since ions disappear in the reaction, the ionic strength did not 
remain constant, but as the process is of Type 2, it is unaffected by 
ionic strength (see Part IT). 

As shown in preceding parts, only reactions of Type | afford the 
means of deciding the configurative relations of the reacting mole- 
cules, and consequently it cannot be settled whether (—)bromo- 
succinic acid is stereologous or astereologous with the (-+-)aspartic 
acid from which it is produced; i.e., whether the above values 
represent ” or | — n. 

The stereochemical type of the reaction aspartic acid —-> malic 
acid is evident from Holmberg’s work (Ber., 1928, 61, 1893): by 
diazotisation of (+)aspartic acid in solution containing nitric acid, he 
got (— )malic acid of a rotatory power which increased with the content 
of nitric acid as seen from Table I, in which his results are shown 
together with values of n calculated therefrom. Although the malic 
acid was isolated by crystallisation, and the consequent optical 
fractionation must have somewhat altered the rotatory powers and 
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hence n, yet there can be little doubt that the results prove the reaction 
to be of Type 1. 





TaBLe I. 
HNO,, M 0 0-125 025 0-312 0375 O58 0-75 1-0 
Se sctisohns 40-3° —52-3° —54-3° —191° —255° —306° —321° —405° 
i rtcbeskoaden “0-55 0:56 0:56 0-72 079 0-85 0-87 0:97 


By analogy with the formation of halogenosuccinic acid, it must 
be assumed that by the diazotisation in nitric acid an ester of malic 
acid with nitric acid is primarily formed, and such a compound 
was found by Holmberg to accompany the malic acid. This ester 
is, however, rapidly hydrolysed to malic acid by H,O° ions. The 
reaction mechanism of this hydrolysis must be analogous to the acid 
hydrolysis of the lactone of malic acid (Part IV), and must conse- 
quently consist in a spontaneous opening of the linking between the 
oxygen atom and the asymmetric carbon atom, whereby the re- 
mainder of the molecule oscillates between the d- and the /-form 
until it meets a H,O° ion : 





HOC. AH,:00,H 
ie) 
sir” H” ‘OH 


Biaii7 HyCOH # HOC. | AHhyCO,H 
HY’ *SO-NO, rials y DL HO, ae HOH 


HO’ ‘H 


Hence the rotatory power of the malic acid depends upon the inter- 
molecular distances in the solution, 7.e., the reaction is of Type 1. 

Kenyon and Phillips have shown (J., 1930, 1676) that /-pheny]- 
methylearbinyl p-toluenesulphinate is ‘spontaneously transformed 
into optically inactive ene ee es : 


C,H H 
65 SC 
(Hj >°<0-80-c,H, > bt >C<Z0,. C,H 
(Z.) (d + 1.) 
They regard this as a proof that “ a tercovalent carbonium kation 
cannot maintain its configuration unchanged but oscillates between 
two forms of opposite configuration : 


+ Wags 

bse == Cob 

cH \e 

“In absence of the special mechanism which leads to a Walden 
inversion it would therefore appear that the replacement of a group 
attached to an asymmetric carbon atom must inevitably yield an 
optically inactive or racemised product.” This idea of an oscillating 
kation containing tervalent carbon is identical with that put for- 
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ward by the author (Part I; J., 1928, 2447); but the conclusion 
drawn by those authors is incorrect. 

It would seem that their reaction is a true parallel to the decom- 
position of the diazo-compound now investigated. In both cases 
a radical which has been split off from the asymmetric carbon atom 
is subsequently added. From the theory advanced here this should 
result in a reaction of Type 2, and actually does so in the formation 
of halogenosuccinic acid from the diazo-compound. The complete 
racemisation found by Kenyon and Phillips appears to be contrary 
to that theory, but closer inspection shows that it is not so. The 
radical is split off as a sulphinate group, but is added as a sulphone 
group. Although the time necessary for this transformation is 
presumably constant, yet the dissociated parts meantime will be 
brought at fortuitously varying distances by collision with the sur- 
rounding molecules, with the result that the probability of addition 
is the same in each of the oscillation phases. Complete racemisation 
will be the natural result. 

This reaction is only an extreme case, in which the partial race- 
misation always occurring in reactions of Type 2 becomes complete 
owing to the relatively long time which must elapse before the dis- 
sociated parts can unite again. 

Autoracemisation, like a Walden inversion, must be assumed to 
be caused by the spontaneous splitting off of a radical attached to 
the asymmetric carbon atom, and only differs from the inversion 
in that here the dissociation is followed by addition of the same 
radical as that split off, whereas in a Walden inversion a new mole- 
cule is produced. Since the regenerated molecule has the same 
tendency to split off the radical again (contrary to the case when a 
molecule of new sort is produced), this process will continue, and since 
such scission always gives a chance that by casual shocks from 
surrounding molecules the dissociated parts may be so widely 
separated before they meet again that the addition will occur in the 
opposite oscillation phase, the result will be a continuous increase of 
inversion until » — 0-5 is reached, which value cannot, of course, be 
exceeded. ° 

This theory does not apply to racemisations where enolisation of 
some sort underlies the process. In such cases racemisation is 
caused by differences in molecular stability and consequently is 
outside the problems considered here. 


EXPERIMENTAL. 

The experiments were carried out by passing a stream of N,O, mixed with N, 
into aq. solutions of (+)aspartic acid and HCl or HBr. The N,O, was 
obtained by dropping conc. NaNO, aq. into fuming HNO, in a flask, which, 
like all other parts of the apparatus, including wash-bottles, was placed in 
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ice. The N, was taken from a cylinder and washed twice with alk. pyro- 
gallol and then with NaOH aq. All joints in the apparatus were of ground 
glass, and the flask in which the diazotisation took place was furnished with 
a long reflux condenser. 

(A) Conversion of (+-)Aspartic Acid into Bromosuccinic Acid.—Ezpt. No. |. 
(a) The solution contained 13-31 g. of (+ )aspartic acid, 50 c.c. of 2-015N- 
HBr, 50 c.c. of 1-788N-H,SO,, and 20 c.c. of H,O. After the gaseous mixture 
had been passing for 15 min., it was stopped, the excess of N,O, removed 
from the solution by a rapid stream of N,, and the solution extracted with 
ether. The extract was dried (Na,SO,) over-night, and evaporation of the 
ether left 3-71 g. of bromosuccinic acid. 

(6) After the extraction with ether, the solution was again saturated with 
the gaseous mixture during 15 min., and then worked up as before, giving 
6-49 g. of bromosuccinic acid. 

(c) The same procedure was again repeated for } hr.: yield 1-96 g. 

(d) As (c); yield 0-41 g. 

Expt. No. 2. As in 1, but 5-324 g. of (+-)aspartic acid and 200 c.c. of 
0-252N-HBr were used; passage of N,O, continued for 2 hr.; yield 2-54 g. 

Expt. No. 3. As in 2, but with 6-655 g. of acid in 50 c.c. of 3-722N-HBr. 
Addition of N,O, lasted 1} hr., but before the extraction with ether, 3-11 g. 
of bromosuccinic acid, which had crystallised, were filtered off. The filtrate 
yielded 5-10 g. to ether. The purpose of this procedure was to examine 
whether crystallisation had caused optical fractionation. The two fractions 
are denoted by 3a and 3b. 

Expt. No. 4. 2-662 G. of (+ )aspartic acid in 225 c.c. of 0-LN-HBr; 2 hr. : 
yield 0-62 g. 

The rotatory power of the bromosuccinic acid produced in these experi- 
ments was measured in EtOAc solution. The results are collected in Table 
II. For the calculation of n the value [a]%, — 77-14° (see Part IV) was used 
for pure (—)bromosuccinic acid. 





TABLE II. . 
Halogeno- Ethyl 
Expt. succinic acetate, 
No. acid, g. e.c. l, dm. a. n. 
la 0-6456 10-0 1 — 4-56° 0-96 
1b 0-6168 10-0 1 —4-18 0-94 
le 0-6058 10-0 1 — 4-23 0-95 
A ld 0-2510 5-00 0-5 - 1-82 0-97 
2 0-3249 5-00 0-5 — 2-28 0-96 
3a 0-2878 5-00+ 0-5 — 2-12 0-98* 
3b 0-2949 5-00 0-5 — 1-98 0-94* 
4 0-3092 5-00 0-5 —2-77 0-98 
5 0-3006 5-00 0-5 - 1-59 0-96 
6a 0°3307 5-00 0-5 —1-72 0-95 
B: 6b 0-3049 5-00 0-5 — 1-59 0-95 
6c 0-3231 5-00 0-5 — 1-66 0-95 
| 6d 0-3011 5-00 0-5 — 1-53 0-94 
7 0-2266 5-00 0-5 — 1-20 0-96 
* In the table on p. 2941 the mean value of 3a and 3b (0-96) is used. 


(B) Conversion of (+)Aspartic Acid into Chlorosuccinic Acid.—The experi- 
ments were quite analogous to those made under A. 
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Expt. No. 5. 6-655 G. of (+ )aspartic acid in 50 c.c. of 5-50N-HC1; 1 hr. : 
yield 5-70 g. of chlorosuccinic acid. 

Expt. No. 6. 13-31 G. of (+)aspartic acid in 100 c.c. of 2-75N-HCl. Ex- 
tractions were conducted after 0-5, 1-0, 1-25, and 1-57 hr., and the successive 
yields were 1-0, 4-5, 2-6, and 2-2 g. of chlorosuccinic acid (referred to as a, 
b, c, d respectively). 

Expt. No. 7. 1-331 G. of (+)aspartic acid in 100 c.c. of 0-104N-HCI; 
after passage of N,O, for 1 hr., the solution was left for 3 hr. with the excess 
of N,O,; yield 0-2266 g. 

Rotatory power was measured as before. For use in the calculation of n, 
the sp. rotatory power of pure (—)chlorosuccinic acid was found by recrystal- 
lising a sample until it attained a maximum; 0-2130 g. of the acid dissolved 
in 5-00 c.c. of EtOAc (1 = 0-5) gave a — 1-23°, [a]%, — 57-75°, and this is the 
value used. 


POLYTECHNIC INSTITUTE, 
CoPENHAGEN, DENMARK. [ Received, August 3rd, 1932.] 





450. Studies in the Reactivity of Aromatic Hydroxyl 
Groups. Part Ill. 


By H. Lu. Bassett and (Miss) A. O’LEarRy. 


OTHER phenols have now been examined and the following half- 
periods found for their reaction with acetyl bromide under con- 
ditions identical with those of the earlier experiments (J., 1930, 
1313; 1931, 2516). The times are given in minutes and the figures 
in parentheses are the reciprocals of these values compared with 
that of phenol as unity. 


er 14-5 (1) Methyl salicylate ... very slow 
o-3-Xylenol ............ 37-5 (0-387) Methyl m-hydroxy- 
o-4-Xylenol ............ 8-75 (1-657) benzoate ............ 48 (0-302) 
m-2-Xylenol ............ 2 (0-177) Methyl p-hydroxy- 
m-4-Xylenol ............ 20 (0-725) benzoate ............ 154 . (0-094) 
m-§-Xylenol ............ 16-5 (0-879) Ethyl salicylate ...... very slow 
BEE aae 33°5 (0-433) Ethyl m-hydroxy- 
BE Apis stst sdaevpen 59°5 (0-244) benzoate ............ 65-75 (0-221) 
Guaiacol ...............+0. 39 (0-372) Ethyl p-hydroxy- 
Resorcinol mono- benzoate ............ 206 (0-070) 
methy] ether ......... 15 (0-966) o-Nitrophenol ......... very slow 
Quinol monomethy! m-Nitrophenol ......... 170 (0-085) 
a Gere 3  (4°833) p-Nitrophenol ......... 470 (0-031) 
3-Nitro-p-cresol ...... very slow 
Resorcinol mono- 
GUE sercencdececess 13 (1-115) 


Consideration of all the values so far obtained shows that in 
general the reaction is accelerated by an accession of electrons to, 
and retarded by a recession of electrons from, the hydroxyl group. 
In the case of monosubstituted phenols containing a m-directing 
group (NO» CO,Me, CO,Et) the m-compound reacts more rapidly 

B 
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than the p-, whereas with an op-directing group present (Me, OMe, 
hal.) the converse is true. This is readily explicable, since the 
m-directing groups will exert their — J effect more strongly from the 
p- than from the m-position, leading to a higher rate of reaction for 
the m- than for the y-compound, and similarly the +-J effect of the 
methyl group will reverse the relative rates of reaction. In the case 
of the halogens and methoxyl the +7’ effect will dominate from the 
p-position, but from the m-position there will only be a feeble —J 
effect, leading to a higher rate of reaction for the p-compound. 

The greatest interest, however, attaches to the o-substituted 
compounds. These are in each case the slowest in reaction of the 
three isomerides, but the different substituting groups retard the 
reaction to very different extents: the order of their efficiency 
(alkyl<OR<hal.<NO,, CO,Me, CO,Et) is that of their power of 
attracting electrons. The order also indicates the extent to which 
chelation occurs in these phenols. The m-directing groups make the 
reaction so slow that it is not possible to differentiate between them. 

The only difference between p-xylenol and thymol is in the group 
ortho to the hydroxyl, and thymol reacts slightly more rapidly than 
p-xylenol. On the purely mechanical view it is clearly contrary to 
expectation that the smaller group should exert the greater steric 
hindrance, and this point is being further investigated. 


The reactions between AcBr and the phenols were carried out in EtOAc 
at 0° (loc. cit.). Three of the carboxylic esters were not sufficiently sol. in 
EtOAc to permit of the expts. being carried out at the usual concen. and the 
figures recorded were calculated from results obtained with solutions of half 
the usual concn., use being made of the ratio of the rates at the two concns. 
for methyl m-hydroxybenzoate. 

o-Nitrophenol and methyl and ethyl salicylates reacted so slowly that the 
half-periods could not be obtained. Even at room temp. they took many days 
to reach half value. 

There was a distinct initial lag in the reaction with guaiacol during the first 
10 or 15 min. The reaction was carried out five times with carefully purified 
material to confirm this. 


University CoLLEGE, CARDIFF. (Received, August 24th, 1932.] 
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451. Bromination of 2-Nitro-p-cresol. 
By W. Ocitvy Kermack and WatTEerR T. Spraae. 


2-Nrrro-p-CRESOL (Copisarow, J., 1929, 251), when brominated in 
chloroform solution, yields two monobromo-derivatives, m. p. 104° 
and 77° respectively. The former is 5-bromo-2-nitro-p-cresol (I) for 
the following reasons. (1) The compound is formed by nitration of 
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3-bromo-p-tolyl p-toluenesulphonate or carbonate and subsequent 
hydrolysis. (2) 3-Acetamido-p-tolyl methyl ether, on nitration and 
subsequent hydrolysis, yields 2-nitro-5-amino-p-tolyl methyl ether, 
from which 5-bromo-2-nitro-p-tolyl methyl ether, m. p. 94°, is obtained 
identical with the methylation product of the compound, m. p. 104°. 
The compound, m. p. 77°, almost certainly has the formula (II). 


Me Me Me 
0, NO, 
B Br Br 
OH OH H 
(I.) (II.) (III.) 


When nitrated, 3-bromo-p-cresol (III) yields 5-bromo-3-nitro- 
p-cresol but, as shown above, its carbonate yields the carbonate of 
5-bromo-2-nitro-p-cresol (compare p-cresol and its carbonate, which 
are nitrated in position 3 and 2 respectively). 

The bromine atom in compounds (I) and (II) and their derivatives 
is relatively inactive. For instance, 5-bromo-2-nitro-p-tolyl acetate, 
when treated in boiling acetic anhydride with sodium acetate and a 
trace of copper, loses less than 2% of its bromine in 12 hours, whereas 
under parallel conditions p-bromonitrobenzene loses about 35%. 
Also, when 5-bromo-2-nitro-p-tolyl methyl ether was heated with 
piperidine on a boiling water-bath for 6 hours, scarcely any bromine 
ions were produced, whereas under similar conditions at least 75% 
of the bromine was liberated from p-bromonitrobenzene. 


EXPERIMENTAL. 


All the compounds described below are sol. in EtOH and C,H, and slightly 
sol. or insol. in ligroin and H,O. Unless stated otherwise, they were crystal- 
lised from C,H,-ligroin. 

5-Bromo-2-nitro-p-tolyl Methyl Ether.—The suspension obtained from 
2-nitro-5-amino-p-tolyl methyl ether (10 g.) and HBr aq. (15 c.c., d 1-49; 
8 c.c. H,O) was diazotised at room temp. (4 g. NaNO, in 5 c.c. H,O), and 
the filtered solution heated with CuBr (3 g. CuCO, in 20 c.c. HBr, d 1-49; Cu 
turnings). Et,O then extracted the bromo-ether, which formed pale yellow 
needles, m. p. 94° (Found: N, 5-9. C,H,O,NBr requires N, 5-7%). 

Bromination of 2-Nitro-p-cresol.—The cresol (1 mol.) in CHCl, (500 c.c.) and 
Br (1 mol.) in CHCl, (50 c.c.) were mixed at 35°, the CHCl, was distilled after 
3 hr., the residue dissolved in hot 10% NaOH aq., 50% NaOH aq. added to 
raise the concn. to about 20%, and the orange-yellow cryst. Na salt collected 
after cooling, dissolved in H,O, and treated with HClagq. 5-Bromo-2-nitro-p- 
cresol was obtained, after several recrystns., as light yellow needles, m. p. 104° 
(Found: N, 6-3. C,H,O,NBr requires N, 60%), giving a dark greenish- 
brown colour with alc. FeC!,. 

The alkaline mother-liquor, on acidification, yielded a brown oil, which 
solidified and when crystallised (several times) formed straw-yellow prismatic 
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needles, m. p. 77°, presumably of 3-bromo-2-nitro-p-cresol (Found: N, 5°9%); 
these gave a light greenish-brown colour with alc. FeCl,. 

Methylation of the Bromo-derivatives.—5-Bromo-2-nitro- or 3-bromo-2-nitro- 
p-cresol (2-3 g.) was treated with Me,SO, (1-2 c.c.) in boiling xylene (15 c.c.) 
and K,CO, (1-2 g.) (ef. Haworth and Lapworth, J., 1923, 128, 2986); the 
product separated from the filtered, cooled solution. On recrystn., 5-bromo- 
2-nitro-p-tolyl methyl ether formed pale yellow needles, m. p. 94°, and 3-bromo- 
2-nitro-p-tolyl methyl ether straw-yellow needles, m. p. 74° (Found: N, 5-4. 
C,H,O,NBr requires N, 5-7%). 

5-Bromo-2-nitro-p-tolyl Acetate.—This was prepared in boiling Ac,O (2 hr.), 
It formed thin, hexagonal, white plates with a faint, greenish iridescence ; 
m. p. 121° (Found: N, 4-9. C,H,O,NBr requires N, 5-12%). 

3-Bromo-2-nitro-p-tolyl acetate, similarly prepared from 3-bromo-2-nitro-p- 
cresol, formed small white plates, m. p. 81° (Found: N, 5-3%). 

3-Bromo-p-tolyl p-toluenesulphonate, prepared from 3-bromo-p-cresol (9-3 g.) 
in pyridine (20 c.c.), and p-toluenesulphonyl chloride (10-3 g.), finally on the 
water-bath (4 hr.), and pptd. by H,0, crystallised from EtOH, in small, thick, 
rectangular prisms (15 g.), m. p. 121°, slightly sol. in C,H, (Found: Br, 22-0. 
C,,H,,0,BrS requires Br, 22-4%). 

3 : 3’-Dibromodi-p-tolyl carbonate, obtained by passing COCI, into a slightly 
alkaline solution of sodium 3-bromo-p-tolyloxide at 50—60°, crystallised from 
aq. EtOH in thick, white, hexagonal prisms, m. p. 77°. 

Nitration of 3-Bromo-p-tolyl p-Toluenesulphonate.—The ester (3-4 g.), in 
100% H,SO, (20 c.c.) at 0°, was treated slowly, below 10°, with a mixture of 
HNO, (0-5 c.c., d 1-49) and 100% H,SO, (3 ¢.c.). Kept at room temp. for 
2 hr. and then poured on ice, the solution gave a nitro-derivative, which was 
hydrolysed with hot 10% NaOH aq. The orange-yellow sodium salt which 
separated on cooling was dissolved in hot H,O; and acidification then gave 
5-bromo-2-nitro-p-cresol, m. p. 104° after recrystn. 

Nitration of 3: 3’-Dibromodi-p-tolyl Carbonate.—The carbonate (6 g.), in 
100% H,SO, (100 c.c.), nitrated (1-8 c.c. HNO,, d 1-49; 5 c.c. 100% H,SO,) 
and treated as described above, gave a product which, ptrified through the Na 
salt, proved to be 5-bromo-2-nitro-p-cresol, m. p. 104°, after recrystn. 


Royat CoLueGe or Puysictans’ LABORATORY, 
EDINBURGH. [Received, November 8th, 1932.] 





452. Amino-compounds of the Platinic Chloro- 
ammines. 
By Bertram E. Dixon. 


TscHuGAEV (Z. anorg. Chem., 1924, 137, 401) discovered that, by 
the action of alkali on chloropentamminoplatinic chloride, one of 
the ammonia groups was attacked with the formation of an amino- 
compound, [Pt(NH;),(NH,)CIJCl,. Tscherniaev (Ann. Inst. Platine, 
1927—8, 5—6) found that the formation of amino-compounds was 
general in the nitritoplatinammine series, and also that the R-NH, 
group was converted into R‘NH where R = CH;, NH,°CH,°CH,, ete. 
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It was shown recently (Dixon, J., 1931, 2306) that the reaction can 
proceed a step farther, with the formation of a second amino- 
group in the platinic complex of the chloropentammine series. 
A further study has been made of this reaction in the simple platinic 
ammines of the dichlorotetrammine, chloropentammine, and hex- 
ammine series. 

Dichlorotetrammine Series.—By the action of excess ammonia on 
dichlorotetramminoplatinic nitrate solution, Cleve (Acta Upsala, 
1866, 6, No. 5,°78) obtained a light yellow liquid, which on evapor- 
ation in air yielded a white deposit containing carbonate and having 
one of the chlorine atoms replaced by hydroxyl. Raewsky (Ann. 
Chim., 1848, 22, 278) had noted the production of a yellow colour 
by the action of potassium hydroxide. 

The action of alkalis on this salt was reinvestigated, carbon dioxide 
being excluded. Addition of concentrated aqueous ammonia to a 
solution of the nitrate produces a yellow coloration which gradually 
disappears on standing. The rapid addition of a concentrated 
solution of sodium hydroxide to an ice-cold solution of the platin- 
ammine precipitates brilliant yellow crystals of aminodichlorotri- 
amminoplatinic nitrate, [Pt(NH,);(NH,)Cl,JNO;, which require 1 
equiv. of hydrochloric acid on titration (methyl-orange). 

From disodium hydrogen phosphate and dichlorotetrammino- 
platinic nitrate in solution, Cleve (loc. cit.) obtained white crystals 
to which Werner (‘‘ Neuere Anschauungen,” pp. 53, 192) ascribed 
the structure [Pt(NH,),Cl(PO,)]. It is now found, however, that 
two totally different products are formed according as the solutions 
are cold or hot. In the cold, a white precipitate, soluble in water, 
was produced and shown to be dichlorotetramminoplatinic hydroxy- 


dihydrophosphate [Pt(NHs)4 5 A ny .2H,O. In hot solutions, an 
ot V4 


insoluble faint yellow precipitate was formed, having only one 
chlorine atom and giving only a trace of precipitate with cold acid 
molybdate solution. This compound, chloro(hydrophosphato)tetr- 
amminoplatinic hydroxide, [Pt(NH,),Cl(HPO,)]OH, loses a molecule 
of water at 130° to form chloro(hydrophosphato)aminotriammino- 
platinum, [Pt(NH3;)3(NH,)Cl(HPO,)]. 

Chloropentammine Series.—Attempts were made to isolate other 
polyamino-compounds (cf. Dixon, loc.. cit.) by the action of alkalis. 
Cold concentrated sodium hydroxide led to indefinite results, but 
upon long shaking with the chloride freshly precipitated silver 
oxide gave a strongly alkaline solution, and tests on the filtrate 
indicated the presence of a platinammine capable of combining 
with 3 equivs. of acid, and of silver hydroxide in the proportion 
required by the formula 2[(Pt(NH,),(NH,),(OH)],3AgOH. 
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If only 2 equivs. of silver oxide are used, the filtrate on standing 
deposits a small quantity of a yellow crystalline compound of silver 
chloride and a diaminochloropiatinammine, 

2[Pt(NH,),(NH,),CI]CL3AgCl. 
The chlorine in the nucleus is apparently not attacked by silver 
oxide until all the ionised chlorine has been removed. If the 
reaction is arrested after this stage has been reached, a third com- 
pound, [Pt(NH,),(NH,),(OH)],2AgCl, is deposited from the filtrate 
as well-formed lemon-yellow crystals. ' 

Hexammine Series.—The precipitate produced by the addition 
of ammonium phosphate solution to a solution of the chloride was 

‘ OH 
shown to be a monoamino-compound, (Pt(NHs)elet x pG,),-2420 or 


[Pt(NH,),(NH,)].(HPO,)3,4H,0. 


Discussion. 


Dichlorotetrammine Series.—The isolation of aminodichlorotri- 
amminoplatinic nitrate brings the simple dichlorotetrammine series 
into line with the chloropentammine series as regards its capacity 
to yield an amino-compound by the action of alkali. The failure 
of ammonium hydroxide to yield a similar compound in this case 
may be due to the replacement of one un-ionised chlorine by 
hydroxyl, a view that is supported by the formation and dis- 3 
appearance of the yellow colour. This comparative instability | 
of one chlorine atom would also provide an obstacle to the form- | 
ation of polyamino-compounds, although it would appear to be ' 
much less pronounced than was believed by the older writers, as 
shown by the resistance to attack by alkali in the method described 
above, and also by the formation of the hydroxyhydrophosphate. 

Werner’s formula for the tetrammine phosphate gains importance f 
from the fact that this compound (together with its bromo- and I 
nitrato-homologues) is the only example cited by this author in t 
which a tervalent radical occupies a single position in the complex. r 
In such a chelate compound the phosphate radical was described [ 
as bound to platinum by one direct bond, and to platinum, or to 
the complex, by two indirect bonds. The expression of this state- [ 
ment in terms of modern views is difficult. The single piace in the 8 


co-ordination complex occupied by the phosphate radical can be t 
represented by a normal covalent linkage. It is evident, however, v 
that the remaining two valencies would not have the freedom 0 
associated with electrovalencies, since the atoms between which c 
they form a link are already -spatially related. Nor does the tl 


chemical behaviour of the phosphate (or hydrophosphate) radical 
in this compound accord with the presence of freely ionised links, 
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although this radical seems to be more loosely combined than might 
be expected from a group within the complex. It seems reasonable 
to assume, then, that all three valencies of the phosphate radical 
in this formula would be, at least to some extent, directed forces, 
whether these valencies are regarded as consisting of one normal 
covalent linkage and two modified polar linkages, in which the 
original functions have become merged, or of other forms of 
covalent links. If this were so, the strain developed by the triple 
linkage of the phosphate radical forming two adjacent 4-atom 
rings would be too great to render likely the existence of such a 
compound. In the formula now proposed for the dehydrated 
compound, where the number of linkages is reduced to two, this 
objection no longer holds. 

By analogy with the chloropentammine series, the action of 
excess of alkali might have been expected to yield a diamino-com- 
pound by the loss of HX. The product obtained does, in fact, 
differ from its predecessor by the elements of HCl, but the scission 
has taken place irregularly and, further, the product is also a mono- 
amino-compound. The failure to yield a diamino-compound may 
be attributed to the mobility of the chlorine in the nucleus. 

The discovery of the hydroxyhydrophosphate explains an apparent 
anomaly in the action of alkali phosphate on ammoniacal chloro- 
platinic acid solution (Dixon, loc. cit.). Had the first product of 
the action of a phosphate on dichlorotetramminoplatinic chloride 
been the insoluble chlorophosphatotetrammine, this compound 
would have been formed exclusively in the reaction referred to, 
and the substitution of NH, for chlorine within the nucleus would 
not have proceeded to give the chloropentammine salt. 

Chloropentammine Series.—The three products obtained in this 
series evidently contain silver in the form of a complex ion. If, 
now, the platinammine component is regarded as functioning in 
these compounds chiefly or exclusively in its capacity as amine, a 
remarkable parallel is afforded with the well-known compounds, 
[Ag(NH;),JOH and [Ag,(NH;),]Cl,. The compounds would then 
be formulated as [Ag,{(NH,),Pt(NH;).(OH)},)(OH), and 
[Ag,{(NH,),Pt(NH;),.(OH)}JCl,. The similarity between the two 
series of silver compounds is brought out by a consideration of 
their composition, properties, and method of preparation. This 
view of the predominance of the réle played by the amino-group 
over that of the platinic complex as a whole may be justified by 
consideration of the activity of the amino-group in general, and of 
the fact that in two of these compounds the platinic complex is 
null-valent. In the third compound [Ag,{(NH,),Pt(NH;)3Cl},]Cl,, 
the influence of the two amino-groups is modified by the fact that 
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here the platinic complex has one available electron. This may 
explain why this compound has no counterpart among the common 
silver ammines (with the possible exception of a superficial re- 
semblance to Ag,PO,,4NH,). | 

If this view be accepted, it means that these silver compounds 
represent a new type of ammine, in which the place of a saturated 
radical, such as NHg, inside the complex of one metal is taken 
by the null-valent complex of another metal. The rdéle of the 
second metallic complex is thus essentially different from that 
played, e.g., in [Co{Co(NH,),(OH),},)Brz, by the dihydroxotetr- 
amminocobaltic complexes, which have contributed three to the 
number of electrons available from the shell of the main cobaltic 
atom. It may be assumed that the linkages between the platinic 
complex and the silver are formed through the nitrogen of the 
amino-groups. The linkage through nitrogen, which is probably 
present in silver-ammonia compounds, would tend to weaken the 
influence of the platinic complex as such. 

Hexammine Series.—This series falls into line with the two 
previous series in yielding an amino-salt. The end-points obtained 
on neutralisation with acid are, however, poor, and this seems to 
indicate that the aminopentammine base is weaker than the amino- 
chlorotetrammine base. Gerdes (J. pr. Chem., 1882, 26, 257), in 
an attempt to prepare the free base of this series by the action of 
silver oxide on the chloride, obtained a powder containing silver, 
which he did not further investigate. 

General.—The primary amino-reaction is now proved to be general 
for the simple platinic chloroammines. Moreover, the isolation 
of the silver compounds, following that of diaminochlorotriammino- 
platinic hydrophosphate, shows that the replacement of NH, by 
NH, within the complex can continue, under suitable conditions, 
until the formation of an electrically neutral platinie complex ends 
the possibility of further reaction. Since, subject to this limitation, 
there is no reason to suppose that this process of replacement does 
not proceed indefinitely in a solution with a sufficiently great 
hydroxyl-ion concentration, the products actually obtained will 
depend on the solubility relationships. It is evident, therefore, 
that the formule given to many of the salts which have been 
formed in such solutions should be reviewed in the light of these 
new facts; e.g., this reaction may account for the confusion existing 
as to the constitution of some tetramminoplatinic salts containing 
multivalent radicals. 

From the ease with which an NH, group is reconverted into an 
NH, group it might be expected that the difficulty of separation 
of polyamino-compounds would increase with the number of NH, 
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groups. The failure to isolate by simple means the compounds 
[Pt(NH;)3(NH,),CIJCI and [Pt(NH,),(NH,),Cl], for both of which a 
superficially stable electronic configuration can be provided, may 
be explained in this way by the assumption of a residual valency 
due to the amino-groups. On the other hand, the stability of the 
silver compounds isolated is in accord with the assumption of co- 
ordinate links between the nitrogen of the amino-groups and the 
silver chloride or hydroxide. The similar stability of the other 
type of polyamino-compound prepared, diaminochlorotriammino- 
platinic hydrophosphate, may possibly be due to the stabilising 
influence of the two positively charged hydrogen ions attached to 
the phosphate radical. 


EXPERIMENTAL. 


Dichlorotetramminoplatinic nitrate was obtained by the action of HNO, 
on tetramminoplatinous chloride, prepared by Ramberg’s method from 
K,PtCl,. Titration values, whether of acid or of alkali, are expressed as 
percentages of HCl of the titrated substance; in those designated by (i), the 
indicator was methyl-orange, in (ii) it was phenolphthalein in presence of 
CaCl, aq., and in (iii) it was phenolphthalein alone. 

Aminodichlorotriamminoplatinic Nitrate-—Excess of cold 30% NaOH aq. 
(free from Na,CO,) was added to a conc. solution of dichlorotetrammino- 
platinic nitrate immersed in ice, and stirred. The brilliant yellow ppt. which 
appeared almost immediately was washed with EtOH till free from NaOH, 
then with Et,O, and dried in a desiccator {Found : Pt, 49-2; N, 17-5; Cl, 
18-3; titration (i), acid, 9-3. [Pt(NH,),(NH,)Cl,)NO, requires Pt, 49-4; N, 
17-7; Cl, 17-95; titration (i), acid, 9-25%}. If CO, is not excluded, the ppt. 
is contaminated with a white carbonate. 

Dichlorotetramminoplatinic Hydroxydihydrophosphate.—3 Equiv. of cold 
Na,HPO, aq. were added to a solution of 1 equiv. of dichlorotetrammino- 
platinic nitrate. The bulky white ppt. formed on stirring was washed with 
ice-cold H,O, and dried in a desiccator. It contained un-ionised Cl and 
readily gave a ppt. with a HNO, solution of (NH,),MoO, {Found: Pt, 40-1; 
N, 11-7; Cl, 14-9; P, 6-5; titration (i), acid, 7-6; titration (ii), alkali, 7-3. 
(Pt(NH;),Cl,](OH)H,PO,,2H,O requires Pt, 40-3; N, 11-6; Cl, 14-65; P, 
6-4; titration (i), acid, 7-55; titration (ii), alkali, 7-55%}. At 110° the loss 
in wt. was 3-9% (1H,O requires 3-7%). At higher temp. more H,O was 
expelled but decomp. set in before the loss in wt. reached 11-1%,. 

Chloro(hydrophosphato)tetramminoplatinic Hydroxide.—2 Equiv. of hot 
Na,HPO, aq. were poured into a boiling solution of dichlorotetrammino- 
platinic nitrate, and the mixture boiled and stirred for 4 min. The ppt. was 
well washed with H,O and dried in a desiccator; it was granular, faintly buff- 
coloured, and practically insol. in H,O. It contained un-ionised Cl. Only a 
trace of ppt. was obtained with cold acid molybdate solution, although a 
small ppt. was formed on warming; no ppt. was formed with FeCl, in cold 
neutral, or very slightly acid, solution. The compound dissolved in 1 equiv. 
of HCl to form a solution neutral to methyl-orange; this solution could then 
be titrated (phenolphthalein) with 1 equiv. NaOH, which pptd. the ammine 
from solution {Found: Pt, 47-1; N, 13-4; Cl, 8-5; P, 7-45; titration (i), 
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acid, 8-85; titration (iii), acid, nil. [Pt(NH,),Cl(HPO,)}]OH requires Pt, 47-4; 
N, 13-6; Cl, 8-6; P, 7-55; titration (i), acid, 8-85; titration (iii), 0%}. When 
the hydroxide was heated at 130°, 1H,O ‘was expelled (Found: loss, 4-1, 
1H,O requires loss, 4-4%) without causing any change in the titre or other 
chemical properties [Found: titration (i), acid, 8-8; (iii), alkali, 0-2%}. 
The substance formed was presumably the anhydride, chloro(hydrophosphato)- 
aminotriamminoplatinum, [Pt(NH;);(NH,)Cl(HPO,)]. 

Chloropentammine Series.—Exposure of the reactants to the atm. was 
reduced toa min. Since the speed of reaction depends largely on the degree 
of agitation, the times given are only approx., and the progress of the reaction 
must be followed by frequent tests. 

Bis(hydroxotriaminodiamminoplatinic)silver Hydroxide.—Excess of moist 
Ag,O was shaken vigorously with a solution of chloropentamminoplatinic 
chloride for 1—2 hr. in a corked flask until a small filtered portion gave a ppt. 
on addition of HCl, but no more than a trace on addition of HNO;. The 
main solution was filtered quickly; it was strongly alkaline and readily 
absorbed CO, from the air with formation of a white ppt. The solution was 
j analysed by titrating an aliquot portion with HCl, which neutralised the 
platinammine base and pptd. AgCl, and by determining the Pt and N in 
other portions acidified and evaporated to dryness {Found : Pt, 3-88; N, 
1-35; AgOH, 3-70; titration, HCl, 3-16. A solution of 

[Ag,{(NH,),Pt(NH,),(OH)},)(OH), 
(9-57 mg. per ml.) requires Pt, 3-88; N, 1-39; AgOH, 3-72; titration, HCl, 
3-26 mg. per ml.}. The alk. solution, which was stable out of contact 
with air, yielded on evaporation under reduced press. a white pasty mass, 
which evolved NH, slowly on standing. 

Bia(chlorodiaminotriamminoplatinic)silver Chloride.—2 Equiv. of Ag,O were 
shaken with a solution of the chloropentammine salt for about 1 hr. A test 
portion of the pale greenish-yellow filtrate gave a ppt. of AgCl on acidification 
with HNO,, and the filtrate from the AgCl contained Cl’. On standing over- 
night, the main solution deposited a small quantity of pale yellow isotropic 
adherent crystals, which were unaffected by light. They were analysed by 
titrating with HNO,, filtering off the separated AgCl, and estimating in aliquot 
portions of the filtrate the ionised and un-ionised Cl {Found: Pt, 34:7; N, 
12-6; AgCl, 37-7; Cl (complex) 6-6; Cl (free), 6-1; titration (i), acid, 132. 
[Ag,{(NH,),Pt(NH;,),Cl},)Cl, requires Pt, 34:6; N, 12-4; AgCl, 381; Cl 
(complex), 6-3; Cl (free), 6-3; titration (i), acid, 12-9%}. 

(Hydroxotriaminodiamminoplatinic)silver Chloride——A solution of chloro- 
pentamminoplatinic chloride was shaken for about 3 hr. with 4 equiv. of Ag,0 
until a portion of filtered solution, on being acidified with HNO,, yielded a 
ppt. of AgCl and a solution containing Ag’ but no Cl’. After filtration and 
24 hrs.’ standing, the greenish-yellow liquid deposited well-formed bright 
yellow crystals. These were collected, dried in a desiccator and analysed 
by the method used for the diamino-compound {Found: Pt, 33-1; N, 11-9; 
AgCl, 49-9; Cl (complex), 0-1; titration (i), acid, 18-9. 

[Ag,{(NH,),Pt(NH,),(OH)}ICI, 
requires Pt, 33-6; N, 1205; AgCl, 49-35; Cl (complex), nil; titration (i), 
acid, 18-85%}. 

All the three foregoing Ag compounds on treatment with HCl and filtration 
yielded the corresponding hydroxo- or chloro-pentamminoplatinic compounds. 
Hexamminoplatinic Hydrowyhydrophosphate—Hexaraminoplatinic chloride 
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was prepared by Tschugaev’s method (Z. anorg. Chem., 1924, 187, 1), but was 
found to be contaminated with hydroxopentamminoplatinic chloride, which 
has @ similar solubility in water. Separation was effected by fractional 
solution of the two phosphates in dil. ACOH, hexamminoplatinic phosphate 
being the less sol. The yield was poor. 

The phosphate was pptd. from an NH, aq. solution of [Pt(NH;),]Cl, by 
addition of excess (NH,),HPO, aq. It was filtered off, dissolved in HCl, 
repptd., and dried at 105° {Found: Pt, 41-15; N, 17-9; P, 9-55; titration 
(i), acid, 8-5; titration (ii), alkali, 4-2. [Pt(NH,),],(OH),(HPO,),,2H,O 
requires Pt, 41-0; N, 17-65; P, 9-75; titration (i), acid, 7-65; titration (ii), 
alkali, 3-8%}. At 130° the loss in wt. was 3-3% (2H,O requires loss, 38%). 


The author thanks Sir Robert Robertson for permission to publish this 
paper. 


GOVERNMENT LABORATORY, 
LonpDoN. [Received, September 14th, 1932.] 





453. The Reduction and Hydrolysis of o-, m-, and 
p-Nitrophenetoles. 


By Donatp H. Ricuarpson and FrepERiIck W. SMITH. 


THE views of Lapworth, Robinson, and Ingold have provided a 
satisfactory explanation of the effect of the nitro-group on the 
mobility of an atom or radical ortho or para to it in the berizene 
ting, but the complementary effect of this radical on the reducibility 
of the nitro-group does not appear to have been investigated from 
a similar standpoint. Bacon and Richardson (this vol., p. 884) 
have shown that m-chloronitrobenzene is reduced in N/2-ethyl- 
alcoholic potassium hydroxide solution free from acetaldehyde 
to the extent of 50° after 96 hours’ heating at 60°, the o-isomeride 
gives only 9-5% of reduction product, and the p-compound none 
at all. 

The experiments to be described show that the reducibility of 
the nitrophenetoles is in the same order, the yields of m-, o-, and 
p-reduction products (azoxyphenetoles + phenetidines) being re- 
spectively 92%, 50%, and 10% after 96 hours’ heating at 60° in 
1-6N-alcoholic potash free from acetaldehyde. Electrolytic re- 
duction of the three nitrophenetoles in alcoholic sodium acetate 
solution in exactly similar cells arranged in series gave 61%, 41%, 
and 17% respectively of the m-, o-, and p-azoxyphenetoles. It is 
therefore concluded that the order of reducibility, meta > ortho > 
para, is not dependent on the particular conditions of reduction 
in the experiments with alcoholic potash. In these the three 
nitrophenetoles were heated at 60° in aldehyde-free ethyl-alcoholic 
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potash of concentrations varying from 0-125N to 2-9N, and the 
yields of azoxyphenetoles, phenetidines, nitrophenols, and unchanged 
nitrophenetoles determined. The results show that little reduction 
occurs when the concentration of the potash is below 1-4N, but 
that a small increase above this figure causes a large increase in 
the yields of azoxyphenetoles and phenetidines, particularly in 
the case of m-nitrophenetole. 

The order of ease of hydrolysis is the reverse of the order of 
reducibility : after 96 hours’ heating at 60° with 1-4N-alcoholic 
potash the yields of nitrophenols are :. p-, 24%; 0-, 12%; m-, 7%. 
That this order does not depend on the alkaline medium is shown 
by refluxing the three nitrophenetoles with 20° hydrochloric acid : 
10%, 8%, and 6% respectively of p-, o-, and m-nitrophenol are 
obtained after 72 hours’ boiling. 


EXPERIMENTAL. 


Reduction and Hydrolysis with Alcoholic Potassium Hydroxide.—o- and p- 
Nitrophenetoles were prepared by the method of Richardson (J. Soc. Chem. 
Ind., 1926, 55, 2007) and redistilled and recrystallised respectively. m- 
Nitrophenetole was prepared from silver m-nitrophenoxide and ethyl iodide 
and recrystallised. EtOH (95%) was freed as far as possible from acetaldehyde 
by refluxing with m-phenylenediamine hydrochloride and redistilled, and a 
standard solution of ale. KOH prepared. 100 C.c. of this solution were 
heated with 1-67 g. (0-01 mol.) of nitrophenetole for 96 hr. in a thermostat 
at 60°. Excess alkali was then neutralised with dil. H,SO,, and the EtOH 
distilled off on the water-bath. Unchanged nitrophenetole was recovered 
by steam distillation and filtration or ether extraction of the distillate, sufficient 
Na,CO, to dissolve all nitrophenol being added before steam distillation in 
order to prevent the formation of globules of a low-melting eutectic of azoxy- 
phenetole and nitrophenol which tenaciously retained the steam-volatile 
nitrophenetole. A negligible quantity of phenetidine was volatilised with 
the nitrophenetole in the steam distillation. 

The insol. reduction product—crude azoxyphenetole—was washed, dried, 
and weighed without purification. The o- and p-isomerides, recryst. from 
ligroin, melted at 102° and 134° respectively. Phenetidine was extracted 
by Et,O from the filtrate, dried, recovered, and weighed. The product was 
identified by acetylation with AcCl: the recryst. 0-, m-, and p-acetphene- 
tidides melted respectively at 79°, 95°, and 135°. The mother-liquors were 
finally acidified with dil. H,SO, and filtered from any tarry matter which 
separated, and the nitrophenol was recovered by ether extraction, dried, and 
weighed. m-Azoxyphenetole was identified by combustion: m. p. 49° after 
repeated recrystn. from ligroin and EtOH (Found: C, 67-3; H, 6-05; N, 
9-7. Cale.: C, 67-1; H, 6-3; N, 98%). When distilled with excess of 
Fe powder, it gave m-azophenetole, m. p. 88° after recrystn. from EtOH and 
ligroin. 

The following table shows the yields obtained from p-, o-, and m-nitro- 
phenetoles when the conen. of the KOH was varied between 0-125 and 
2-ON. 
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Products, %. 
Nitrophenetole. 

F . Total 

KOH, Initial, Recovered, Nitro- Azoxy- Phene- reduction 

N. g- %- phenol. phenetole. tidine. products. 
0-125 1-670 p- 96-2 1-7 0-0 0-0 0-0 
0-50 1-670 92-8 55 0-0 0-0 0-0 
0-64 1-670 84-4 8-5 0-0 0-0 0-0 
0-75 1-670 86-2 10-8 0-0 0-0 0-0 
1-2] 1-670 82-0 18-6 1-5 0-0 1-5 
1-40 1-670 78-8 23-7 3°5 0-0 3°5 
1-60 1-670 70-9 24-6 7:3 0-4 7-7 
1-60 1-670 70-6 23-9 9-8 1-1 10-9 
1-75 1-670 60-6 23-7 22°9 2-0 24-9 
1-79 1-670 22-6 18-6 39-2 19-7 58-9 
1-86 1-670 17-1 17-3 57-5 — — 
1-86 1-670 17-8 19-2 56-2 16-8 73-0 
2-10 1-670 6-0 13-5 67-1 10-7 77°8 
2-90 1-670 0-0 12-8 72-0 15-0 87-0 
0-50 1-670 o- 89-1 0-6 0-0 0-0 0-0 
1-00 1-670 89-0 5-3 0-0 0-0 0-0 
1-17 1-563 86-8 10-1 2-6 0-2 2-8 
1-38 1-170 85-5 11-7 2-0 0-5 2°5 
1-49 1-685 70°3 10-0 7-6 12-1 19-7 
1-59 1-735 45-0 11-4 27-6 15-0 42-6 
1-64 1-670 13-2 11-3 §2-2 19-0 71-2 
1-68 1-890 7:7 9-6 50-0 20°3 70-3 
1-75 1-670 4-0 8-3 62-7 21-3 84-0 
1-96 1-670 1-6 1-3 67-3 21-1 88-4 
2-54 2-000 0-0 0-6 76°3 23-0 99-3 
0-79 1-670 m- 90-4 0-7 0-0 0-0 0-0 
0°86 1-670 82-9 1-9 1-9 0-0 1-9 
0-97 1-670 84-8 3°2 1-0 0-0 1-0 
0-99 1-670 81-0 1-4 2-4 0-0 2+4 
l-il 1-670 83-6 31 2-5 0-0 2°5 
1-22 1-670 82-4 4-5 3°8 0-0 3°8 
1-32 1-670 79-1 4-5 4-5 0-0 4:5 
1-38 1-670 77-7 4°5 4-9 0-0 4-9 
1-40 1-670 26-7 7:7 39-2 15-5 54-7 
1-43 1-670 12-0 6-0 50-4 18-6 69-0 
1-47 10-020 1-2 5-5 59-4 21-8 81-2 
1-50 1-670 78 7-4 60-2 22-6 82-8 
1-90 4/175 0-0 6-6 71-6 27°3 98-9 

Electrolytic Reduction.—m-, p- (1-67 g.), and o- (1-788 g.) Nitrophenetoles, 


dissolved in 35 c.c. of 95% EtOH containing 15 c.c. of 5% NaOAc aq., were 
reduced in cells, as described by Elbs (‘‘ Electrolytic Preparations ”’), arranged 
in series, by a current of 2-7 amp. at 100 v. for 1-5 hr.; the current was then 
15 amp. Unchanged nitrophenetoles were recovered by steam distillation, 
and azoxyphenetoles filtered off and weighed. The yields were as follows : 


Meta. Ortho. Para. 
Azoxyphenetole : m. p. 45° m. p. 78° m. p. 145° 
0-880 g. (615%) 0-640 g. (41°8%) 0-261 g. (17-6%) 

Nitrophenetole: 0-371 g. (22-2%) 0-765 g. (42°8%) 1-153 g. (69-0%) 

The results were not greatly affected by interchanging the porous pots and 
electrodes, and reducing with a current of 5—6 amp. for 30 min. 

Acid Hydrolysis.—The nitrophenetoles were refluxed for 72 hr. with 20% 
HCl (120 c.c.), and the products made alkaline. Unchanged nitrophenetoles 
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were removed in steam, and nitrophenols extracted from the acidified mother- 
liquors with Et,0. 
Meta. Ortho. Para. 
Initial, Reeovered, Initial, Recovered, Initial, Recovered, 
. ge = g- g- %: g: g- = 
Nitrophenetole : 


1) ee 167 1:23 73-6 2-20 1-885 85-7 1:67 1:36 81-4 
1 ire 1:28 117 914 210 41:77 843 1-67 1:35 808 
Nitrophenol 
B” cicccvder — 009 65 — 016 87 — 6135 98 
GREE * ncésccsee — 0-065 6-2 — O14 80 — O14 102 


The authors thank Professor A. Lapworth for his helpful criticism. 


NORTHERN PotyTecunic, Lonpon, N.7. (Received, October 7th, 1932.] 





-454. Derivatives of aa’-Diketoadipic Acid. 
By G. A. R. Kon and B. L. Nanpt. 


THE publication of a paper by Sutter (Annalen, 1932, 499, 47) 
makes it desirable to place on record the preparation of methyl and 
ethyl a«’-diketoadipates. These were obtained from the corre- 
sponding acetyladipic esters by treatment with nitrosylsulphuric 
acid in two stages (cf. Bouveault and Locquin, Bull. Soc. chim., 
1904, 31, 1049). The crude esters were characterised by their 
diphenylhydrazones, that of the methyl ester (II) being identical 
with the diphenylhydrazone of the ozonisation product of methyl 
A}-.cyclobutene-1 : 2-dicarboxylate (III) (Perkin, J., 1894, 65, 950) : 


CO,Me-CHAc-CH,*CH,*CHAc‘CO,Me —> 
CO,Me-C(:NOH)-CH,°CH,*C(:NOH)*CO,Me (I) 


(III.) pat COMe __. (0;Me-CO-CH,-CH,*CO-CO,Me (IL) 
»CCO,Me 

The diketo-esters cannot be distilled without decomposition and 
give on mild alkaline hydrolysis an acid, m. p. 192°, which is still 
under investigation. 

Ethyl aa’-Dioximinoadipate—To 163 g. of ethyl diacetyladipate (Perkin, 
J., 1890, 57, 204) in 179 c.c. of conc. H,SO, kept below 0°, 145 g. of nitrosyl- 
sulphuric acid in 150 c.c. of conc. H,SO, were added during 4 hr. When the 
frothing had subsided, the mixture was poured on ice, and the oximino-ester 
(analogous to I) extracted, washed (Na,CO,), and dried in Et,0 and obtained 
in 76% yield as an undistillable reddish-brown oil. 

Ethyl aa’-Diketoadipate.—A solution of 80 g. of the oximino-ester in 160 c.c. 
of HCO,H, 23 c.c. of H,O, and 350 c.c. of Et,0 was treated below 0° (2-5 hr.) 
with 80 g. of nitrosylsulphuric acid. After the evolution of nitrous fumes 
had ceased, the solution was allowed to reach room temp., then again cooled 








—_— _ ~s et 


Tes 














THE LUPIN ALKALOIDS. PART VI. 2959 





to 0°, and poured on ice. The Et,O0 layer was evaporated under red. press. 
to remove HCO,H, and the residue taken up in Et,0, washed with Na,CO, 
aq., dried, and recovered, giving 40 g. of the crude diketo-ester. The diphenyl- 
hydrazone, plates from acetone, had m. p. 150° (Found: C, 641; H, 6-2. 
C.2H,,0,N, requires C, 64-4; H, 6-3%). 

The crude diketo-ester (7 g.) was kept over-night with 20 c.c. of 15% KOH 
aq. and 20 c.c. of EtOH; 100 e.c. of 20 vol. H,O, were then added, and the 
solution kept for 12 hr.; 3 g. of succinic acid were obtained. 

Methyl aa’-Diacetyladipate-—This was prepared from methyl acetoacetate 
by the method used by Perkin (loc. cit.) for the ethyl ester and purified in the 
same way (Found: C, 55°8; H, 6-9. C,,H,,0, requires C, 55:8; H, 7-0%). 
Methy] aa’-diketoadipate (II) was prepared from this in the same way as the 
ethyl ester and gave the same acid on hydrolysis and succinic acid on oxidation. 
The diphenylhydrazone formed fine plates from acetone, m. p. and mixed 
m.p. with the diphenylhydrazone of the ozonisation product of methyl A?- 
eyclobutene-1 : 2-dicarboxylate, 130—131° (Found: OC, 62:5; H, 61. 
CyH,,0,N, requires C, 62:8; H, 5-8%). 


Imprrtat Cottecr, Lonpon, 8.W. 7. (Received, November 24th, 1932.] 





455. The Lupin Alkaloids. Part VI. 
By G. R. Cremo, G. R. Ramaas, and R. Rarsr. 


In Parts IV and V (J., 1931, 437, 3190) the preparation of nor- 
lupinane “ A” from lupinine was recorded. “A” was compared 
with the isomeric octahydropyridocoline “ B ” (II), as synthesised 
from the dicarboxylic ester (I) by the Dieckmann and subsequent . 
reactions, and shown to be different. This result could arise from 
“A” and “B” being structurally different, or from their being 
stereoisomerides of the cis-trans decalin types (cf. Hiickel, Annalen, 
1925, 441, 1). Although dipole-moment measurements indicate the 
non-planar nature of the three valencies of nitrogen in the ammonias, 
it is an outstanding fact that no such compounds have yet been 
resolved, and the balance of recorded opinion (cf. Meisenheimer, 
Ber., 1924, 57, 1744; Jackson and Kenner, J., 1928, 573; Clemo, 
Ormston, and Ramage, J., 1931, 3185) inclines to the view that the 
three nitrogen valencies are coplanar in ring systems. If this were 
true for the system (II), it could not exist in two forms. 


.Et ‘tal ._OH,‘CH,°CH,°CO,Et- 
(Yo tnoe (YS CY 
Van (oi Nea > ON 
H, 6 
(I.) 


4 


(II.) (III.) 


The stereoisomeric possibility has, however, always been kept in 
mind, and formed the basis of the work described in Part V (p. 3192) 
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with cis- and trans-hexahydroquinolinic acids. When, therefore, 
evidence was found pointing to the existence of two forms of pyr- 
rocoline (see succeeding paper), the case for two forms of (II) was 
strengthened, and it became necessary to see if a second form could 
be synthesised. Success was attained eventually in the early 
summer by subjecting ethyl y-2-pyridylbutyrate (III) to a com- 
bined Bouveault and nuclear reduction, followed by halogenation 
and abstraction of hydrogen halide; an octahydropyridocoline was 
thus obtained which gave derivatives identical with those of “ A.” 

The Hofmann reaction on the methiodide of ‘‘ A,” followed by 
catalytic reduction, gives a mixture of three isomeric bases, 
Cy9H2,N, two of which, ‘“‘C” and “ D,” can be separated conveni- 
ently as picrolonates, m. p.’s 153° and 167° respectively, and the third 
“EE” as its picrate, m. p. 196—197°. The second picrolonate 
occurs as either acicular prisms or stout prisms with dome-shaped 
ends, both melting at 167°, whilst the former is usually obtained as 
stout rhombs, m. p. 153°, which are transformed completely after 
two recrystallisations into monoclinic prisms, m. p. 147°. The pure 
bases regenerated from the 153° and 167° picrolonates give picrates, 
m. p. 88° and 94°, and methiodides, m. p. 164° and 168°, respectively, 
and “‘ E” gives a picrolonate, m. p. 129°, and a methiodide, m. p. 
263°. A similar treatment of the methiodide of ‘“ B” gave two of 
these isomerides, ‘‘D” and “ E.” The ring system (II) can nor- 
mally undergo the Hofmann degradation in two ways by fission at 
either a or 6 with the formation, after reduction, of 1-methyl-2-n- 
butylpiperidine (IV) and 1-methylcycloazadecane (V). The former 
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base has been prepared by condensing «-picoline with propaldehyde, 
2-8-hydroxybutylpyridine being formed, replacing the hydroxy- 
group by chlorine, eliminating hydrogen chloride, and reducing the 
ring and side chain in one operation to give 2-n-butylpiperidine by 
use of the platinum oxide catalyst of Adams and Shriner (“ Organic 
Synthesis,” VIII, 92). This was N-methylated by the method of 
Hess (Ber., 1917, 50, 1386) and gave a picrolonate, m. p. 153°, 
changing to 147°, identical with that obtained from “ A,” and the 
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picrate and methiodide of the synthetic base were identical with 
those already described. 

Since it is extremely unlikely that anomalous reactions have 
occurred in the syntheses of both “ A” and “ B,” it is probable that 
“D” is (V), and, since it and “ E ” are obtained from both “ A ” 
and “ B,” these would seem to be structurally identical stereo- 
isomerides. To account for the formation of “‘ E,” we are driven 
to the conclusion that either (V) can exist in stereoisomeric forms, 
an improbable view not supported by the examination of models, 
or else that, while ‘‘ A’”’ undergoes fission at both a and b, “B” 
breaks at b only, and in both cases (V), at the moment of formation, 
partially undergoes isomeric change, yielding possibly (VII). The 
base ““E”’ is assumed to have the abnormal structure, since its 
formation from methyl lupininate methiodide as subsequently des- 
cribed involves the unusual loss of a carbomethoxy-group. Another 
alternative is that ‘‘ A” and “ B ’’ are cis- and trans-forms of (VIII), 
but, as remarked already, this dual abnormality is not likely, and, 
further, it would not account for inactive norlupinane being formed 
from active norlupinene by reduction (cf. Part V, p. 3196). When 
the methiodide of either ““ A” or “ B ” is converted into its metho- 
chloride and the latter decomposed by vigorous heating, the original 
base is recovered in each case. It seems definite, therefore, that 
(II) exists in cis- and trans-forms which are stable and, as yet, non- 
interconvertible. 
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The literature does not afford any direct help as to whether the 
cis- or the trans-form is likely to be formed in the Dieckmann re- 
action on (1), since the parallel reactions with the ester (V1) with the 
eventual production of a decalin do not appear to have been investi- 
gated. An examination of models of the cis- and trans-modifications 
of (Il) shows that the cis may assume a very compact form, which 
would lead to an almost strainless tricyclic system by uniting carbon 
atoms 3 and 7. 

These results are taken to prove, therefore, that lupinine has 
either the cis- or the trans-octahydropyridocoline ring system and 
eliminate the two other possibilities emanating from the work of 
Karrer and co-workers (Helv. Chim. Acta, 1928, 11, 1062), They do 
not establish the position of the CH,°OH side chain of lupinine, 
which Karrer places at 1, and further synthetical work is in hand to 
settle this point, and also the additional problem of attaching the 
extra 5 carbon atoms and 1 nitrogen atom to lupinine to give 
sparteine and lupanine. 

This paper had already been drafted (it has been held back in 
order to elucidate the structure of ““E”’) when that of Diels and 
Alder (Annalen, 1932, 498, 1, 16) came to hand in which they des- 
cribe the preparation of (IX) from pyridine and acetylenedicarboxylic 
ester. On hydrolysis this is stated to give (X), and finally (II) by 
reduction. <A table is included of the derivatives prepared here 
from “ A” and “ B,” but Diels only describes a picrate, m. p. 203°, 


. CO,Me 
A \ (Y® ANS 
Ow ( 1 \p2. om ae 
SN \ ZN W4 F \Z™ VA 
| CO,Me , 
(VIIT.) Me (IX.) (X.) 


of his base. If this is derived from (II), it may be a mixture of the 
two forms melting at 194° and 213° respectively, since we have 
recorded such mixtures melting at about 200°. Winterfeld and 
Holschneider (Annalen, 1932, 499, 109) also have published a 
synthesis of “A.” The m. p.’s of their derivatives are in excellent 
agreement with those we have recorded (Parts IV and V) for 
norlupinane * and (in this paper) for synthetic “ A.” Their method 
involves heating with phosphorus pentabromide at 150° and is thus 
more likely to give abnormal results than the synthesis of “ B,” in 
which the only vigorous treatment is the Clemmensen reduction; 
it is noteworthy that refluxing with concentrated hydrochloric acid 
is a feature common to the work of Winterfeld and our preparations 
of “ A,” “ B,” and norlupinane, and, if ring crumpling has occurred 
* See correction, J., Feb., 1932, vi. 
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as a result, it might be expected that each process would give the 
same end product. 

Until the position of the lupinine side chain is fixed it is 
not possible to formulate the curious chemistry shown by some of its 
derivatives; e.g., the production of y-anhydrolupinine (Parts II and 
III). Further, it has been found that methyl lupininate gives two 
isomeric methiodides, « and 8, and that the Hofmann degradation of 
these leads to the somewhat remarkable loss of the carbomethoxy- 
group and the formation of two C,,H,,N bases. That produced 
from the «-methiodide does not seem to be reduced by palladium and 
hydrogen under conditions usually successful in this work, but it is 
reduced by platinum and hydrogen to the C,y9H,,N base “ E,” which 
is also formed by the reduction of the C,j>H,,N base from the 
§-methiodide with palladium and hydrogen. This base “E” 
loses its nitrogen as trimethylamine after two Hofmann reactions, 
giving an unstable hydrocarbon, and is therefore monocyclic and 
different from either (IV) or (V). When its methochloride is distilled, 
a small proportion of “ E ” is recovered, but the bulk isomerises to 
an open-chain tertiary base, NMe,°C,H,,Cl. The methiodide of 
this on treatment with silver oxide gives trimethylamine and an oil 
which appears to be 9-hydroxy-Al-nonene, since on oxidation it 
readily gives suberic acid. This result bears out the contention that 
“E” is either (V) or (VII). The former would give only suberic 
acid, but the latter could give in addition pimelic and {£-keto-octoic 
acid. 

A slight alteration in the conditions described in Part IV (p. 439) 
for the preparation of norlupinene leads to the production of iso- 
norlupinene, which is also easily reducible to norlupinane “ A.”’ 
The existence of two isomeric CgH,;N bases must depend on the 
position of the double bond and is additional evidence against the . 
attachment of the lupinine side chain to Cio. Norlupinene gives a 
perbromide containing 4 atoms of bromine, from which dibromo- 
norlupinane is easily prepared. The iso-base, however, gives a 
perbromide with 3 atoms of bromine and so far it has not been 
possible to convert it into dibromonorlupinane. Attempts to break 
the ring system (II) by using cyanogen bromide in ether or acetone 
have so far not been successful, and the only definite result obtained 
by us has been the curious formation of norlupinane hydrobromide. 
This result is of interest because Diels and Alder (loc. cit.) used the 
same reaction and claim to have obtained 2-n-butylpiperidine, 
although the derivatives obtained therefrom do not agree with those 
previously recorded for the base. 

In Part V (p. 3195) it is stated that a small fraction of an oil, 
giving the analytical results required for hydroxy-norlupinane, is 
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produced in the preparation of norlupinene. This fraction has now 
yielded 10% of a crystalline hydroxynorlupinane. It may be that 
the oil contains a possible stereoisomeric form of the hydroxy- 
compound, but the whole mechanism of the formation of the 
norlupinenes is too uncertain to allow of any deduction in this 


connexion. 
EXPERIMENTAL. 

Base “‘ A.”—2-Crotylpyridine. 2-B-Hydroxy-n-butylpyridine (6 g.) (Léffler 
and Plicker, Ber., 1907, 40, 1312) and PCI, (8 g.) were refluxed for 90 min, 
in C,H,. The mixture was cooled and made alkaline with 40% NaOH agx,., 
the C,H, extract separated and dried, and the solvent removed under reduced 
press. The residue, refluxed with methyl-alc. KOH (30 c.c., 3-5N) and worked 
up as for octahydropyridocoline “A” (below), gave crotylpyridine (4 g.), 
b. p. 92—93°/16 mm. (Found: N, 10-6. Cale.: N, 10-5%). The compound 
has been previously prepared, but only in 10% yield, from 2-8-hydroxy-n- 
butylpyridine by treatment with conc. HCl (Madzdorff, Ber., 1890, 28, 2711) 
or with conc. H,SO, and AcOH (Léffler and Plécker, loc. cit.). The m. p.’s 
of the picrates, chloroaurates, and chloroplatinates of these bases and ours 
are different. This variation must be due to mixtures of either geometrical 
or structural isomerides, but all are reduced to the following compound. 

2-n-Butylpiperidine. The above unsaturated base (5-0 g.) and platinum 
oxide catalyst (0-1 g.) in EtOH containing 1 equiv. of HCl (60 c.c.) were shaken 
for 12 hr. in H (55 lb./sq. inch), a further quantity of catalyst (0-1 g.) being 
added after 8 hr. The solution was decanted, treated with charcoal, and 
concentrated; on cooling, the hydrochloride of 2-n-butylpiperidine (5-6 g.) 
separated, m. p. 176—178°, raised to 182° by one recrystn. (Found: N, 82. 
Cale.: N, 7-9%). The free base (3-4 g. from 5 g. of the hydrochloride) had 
b. p. 75°/14 mm. and gave a picrolonate, m. p. 182°, dark yellow prisms from 
EtOH (Found: C, 56-2; H, 6-85. Cale. for C,H,,.N,C,,H,O;N,: C, 56:3; 
H, 6-7%). 

1-Methyl-2-n-butylpiperidine. A mixture of 2-n-bytylpiperidine hydro- 
chloride (1-2 g.) or the free base (1 g.), CH,O (0-8 g., 40%), HCO,H (0-4 g.), 
and H,O (2 ¢c.c.) was heated for 8 hr. at 130—140°. The solution was basified 


‘ with NaOH and steam-distilled, and an ethereal extract of the dispillate dried 


and fractionated, giving 1-methyl-2-n-butylpiperidine (0-8 g.), b. p. 78—80°/ 
15 mm. (Found: N, 9-1. Cy, H,,N requires N, 90%). The picrolonate 
(Found: C, 56-95; H, 6-8%), picrate, and methiodide (Found: C, 44-6; H, 
83%) were identical with those of (IV) and the chloroaurate crystallised from 
aq. EtOH in yellow prisms, m. p. 90° (Found: Au, 40-0. C,,H,,N,HAuCl, 
requires Au, 39-8%). 

Ethyl pyridine-2-carboxylate. The following method, adapted from that 
used by McElvain and Adams (J. Amer. Chem. Soc., 1923, 45, 2744) for the 
isomeric 3-carboxylic acid, is a considerable improvement on Wibaut’s process 
(Rec. trav. chim., 1926, 45, 657). Pyridine-2-carboxylic acid hydrochloride 
(12 g., eryst. from EtOH) and purified SOCI, (30 c.c.) were refluxed for 2 hr. 
on the water-bath, the excess of SOC1, removed under slightly reduced press., 
abs. EtOH (20 c.c.) added to the cooled solid residue, and the mixture refluxed 
for 3 hr. before being evaporated to dryness. After basification with sat. 
K,CO, aq. and fractionation, ethyl pyridine-2-carboxylate (9-0 g., b. p. 123°/ 


14 mm.) was obtained as a colourless oil (Found: N, 9:2. Cale.: N, 93%) 
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Ethyl B-2-pyridoylpropionate. Ethyl pyridine-2-carboxylate (10 g.) and 
ethyl succinate (11 g.) in C,H, (20 c.c.) were added to NaOEt (from 2 g. Na) 
and refluxed for 1 hr. before removal of the solvent. H,O (10 c.c.) was added, 
and the unchanged ester extracted with C,H,. The aq. solution was heated 
on the water-bath for 6 hr. with conc. HCl (12 c.c.) and for a further 6 hr. 
after addition of more HCl aq. (5 c.c.) and then evaporated to dryness. The 
material extracted from the residue by EtOH was esterified with ale. HCl, 
the EtOH removed, and the residue made alkaline with K,CO, aq. and 
extracted with Et,O. Fractionation gave some unchanged ester (partly 
due to hydrolysis by HCl) and ethyl B-2-pyridoylpropionate (4-5 g.), a pale 


yellow oil, b. p. 135—140°/0-2 mm. (Found: N, 7-1. C,,H,;0,;N requires 


N, 6-8%). The picrolonate, light brown prisms from EtOH, had m. p. 104° 
(Found: N, 14:8. C,,H,,0;N,C,;>H,0O;N, requires N, 14-9%). 

Ethyl y-2-pyridylbutyrate (III). A mixture of the above ester (4:0 g.), 
amalgamated Zn (20 g.), and conc. HCl (15 c.c.) was refluxed for 6 hr. and for 
a further period after addition of more HCl aq. (15 c.c.). The liquid was 
decanted from the Zn and evaporated to dryness, H,O added to the residue, 
and excess of H,S passed into the solution while it was gradually made alkaline 
with NaOH. The filtrate from the ZnS was acidified with HCl aq. and 
evaporated to dryness, and on extraction, esterification, and working up as 
described above, ethyl y-2-pyridylbutyrate was obtained as a colourless oil 
(2 g.), b. p. 145—150°/18 mm., 100°/0-2 mm. (Found: C, 68-2; H, 82; N, 
7-5. C,,H,,;0,N requires C, 68-4; H, 7-8; N, 7:25%). 

4-K eto-octahydropyridocoline. The above ester (2-5 g.) was refluxed for 
6 hr. with HCl aq. (10 c.c., 1 : 1), the solution evaporated to dryness, and the 
residue kept in a vac. desiccator. Na (6 g.) was added to the acid hydro- 
chloride dissolved in dry EtOH (25 c.c.), further EtOH being added to dissolve 
unused Na during heating on the water-bath. The solution, after cooling, 
was treated with conc. HCI till acid, filtered, and evaporated to dryness, and 
the residue esterified. The solvent was removed from the resulting Et,O 
extract, the residue heated to about 250° and then distilled in vac., giving a 
partly basic oil (0-9 g.). This was made just acid to Congo-red with HCl aq. 
and extracted with CHCl,; 4-keto-octahydropyridicoline was then obtained 
as a non-basic oil (0°6 g.), b. p. 146°/20 mm. (Found: N, 9-1. C,H,,ON 
requires N, 9-15%). 

8-2-Piperidyl-n-butyl alcohol. Ethyl y-2-pyridylbutyrate (3-5 g.) in dry 
EtOH (30 c.c.) was poured on molten Na (10 g.) and heated on the water-bath 
while further EtOH was added to effect solution. After acidification with 
cone. HC! the filtrate was taken to dryness, and the residue made alkaline 
with NaOH aq. (10%) and extracted with CHCI,. Distillation gave a basic 
oil * (1-5g., up to 155°/20 mm.). This was treated as above with HCl aq., and 
extracted with CHCl,. From the extract, 4-keto-octahydropyridocoline (0°35 
g-) was isolated; the residue obtained by evaporating the acid solution to 
dryness, after basification and extraction with CHCl,, gave 5-2-piperidyl-n- 
butyl alcohol as a viscous, strongly basic oil (0-8 g.), b. p. 149°/17 mm. (Found : 
N, 91. C,H,,ON requires N, 8-9%). 

Octahydropyridocoline “ A.’’ The above basic oil * (1-5 g.) (or the pure base 
prepared from it) and PBr, (3-0 g.) in dry C,H, (10 c.c.) were heated for 
2 hr. on the water-bath and cooled, and excess of NaOH aq. (40%) added. 
The C,H, solution was separated, and removal of the solvent left a semi-solid 
residue which was refluxed for 30 min. with methyl-ale. KOH (8 c.c., 3-5N). 
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The distillate from steam-distillation was acidified and taken to dryness, and 
the residue basified with K,CO, aq. and extracted with Et,0. Fractionation 
gave octahydropyridocoline ‘‘ A” as a colourless oil (0-3 g.) basic to litmus, 
b. p. 72°/16 mm. (Found: N, 10-0. C,H,,N requires N, 10-1%). The base 
and S in Et,O give a light orange ppt. on treatment with H,S. The picrate, 
m. p. 194°, methiodide, m. p. 335°, and chloroaurate, m. p. 167°, are all identical 
with the corresponding derivs. of norlupinane (compare J., 1931, 440, 3196), 
The picrolonate of this base, or of norlupinane, crystallised from EtOH in 
yellow prisms, m. p. 245° (Found: C, 56-65; H, 6-3. C,H,,N,C,)H,0,N, 
requires C, 56:5; H, 6-2%), whereas octahydropyridocoline ‘“‘B” gave a 
picrolonate, m. p. 191°, yellow prisms from EtOH (Found: N, 17, 
C,H, ,N,C,,H,0,N, requires N, 17-4%). 

The Hofmann degradation of *‘ A.” Bases “C,” “D,” and“ #.” To nor- 
lupinane (3-55 g.) in acetone (10 c.c.), Mel (3 c.c.) was added. After 12 hr., 
7-5 g. of cryst. solid were obtained, m. p. 335° (decomp.). This was dissolved 
in H,O (20 c.c.) and shaken with Ag,O (4 g.) for 2 hr., and the filtered solution 
evaporated to dryness under reduced press. The resulting cryst. ammonium 
hydroxide was heated under 20 mm. press., and the damp distillate dissolved 
in Et,0, dried over K,CO,, and fractionated; 3-05 g. of base passed over at 
45—48°/l1 mm. This was dissolved in AcHO (30 c.c.) and reduced by stirring 
with palladised charcoal (0-2 g.)in H. After filtration, and addition of HCl aq. 
(2 c.c.) and a fragment of Zn, the solution was evaporated to dryness, the 
cryst. residue dissolved in a few c.c. of H,O, basified (KOH), and extracted 
3 times with Et,0. The extract, dried over K,CO;, was fractionated, giving 
2°55 g., b. p. 43—45°/1 mm. (Found: C, 77:5; H, 13-4; N, 88. CygH,,N 
requires C, 77-4; H, 13-5; N, 9-0%). A solution of picrolonic acid (0-075 g.) 
in EtOH (1-5 c.c.) was added to the basic mixture (0-05 g.). The reddish 
solution deposited yellow prisms (0-04 g.), m. p. 167°, after standing over-night. 
When recryst., either yellow acicular prisms or stout prisms with dome-shaped 
ends separated, m. p. 167° (Found: C, 57:1; H, 7:1. CyH,,N,CyH,0;N, 
requires C, 57-3; H, 695%). When the filtrate from the 0-04 g. was left for 
48 hr., 0-05 g. of reddish-brown rhombic prisms, m. p. 153°, was deposited : 
this was easily separated by hand picking from a further small amount of the 
first form. This picrolonate of ‘‘C” was recrystallised from EtOH, giving 
stout rhombs, m. p. 153° (Found: C, 57-1; H, 7:2%), but two further 
recrystns. gave monoclinic prisms, m. p. 147° (Found: C, 57-3; H, 69%). 
These were reconverted into the stout rhombs by seeding under suitable 
conditions. ‘ C,’”’ regenerated from the picrolonate, gave a picrate, yellow 
prisms from EtOH, m. p. 88° (Found: C, 49-8; H, 6-6. C,H,,N,C,H,0,N; 
requires C, 50-0; H, 6-3%), and a methiodide, colourless prisms from acetone, 
m. p. 164°. 

The sparingly sol. picrate of ‘‘E” (0-01 g.) was obtained from the basic 
mixture (0-07 g.) in a small vol. of EtOH as yellow prisms, m. p. 196°, identical 
with the compound prepared subsequently from methyl lupininate. The 
regenerated base “ E ” gave a picrolonate, m. p. 129°, and a methiodide, m. p. 
261° (decomp.). 

The Hofmann Degradation of “‘ B.”—The pure recryst. methiodide (0-9 g-) 
—prepared from “‘ B” (0-75 g.) as regenerated from its picrate—was treated 
with Ag,O and gave 0°35 g. of a basic mixture, b. p. 43°/l1 mm. This, reduced 
with palladised charcoal and H in AcHO, gave 0-24 g., b. p. 49°/1 mm. 
Picrolonates of “‘D” and “‘ H.””—When picrolonic acid (0-05 g.) in EtOH 
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(1 c.c.) was added to this basic mixture (0-03 g.) and left over-night, 0-015 g. of 
yellow prisms separated, m. p. 154—155°, raised to 166—167° on recrystn. from 
EtOH. The mother-liquor after a further 24 hr. deposited 0-01 g. of prisms, 
m. p. 124°, raised to 128° on recrystn. 

Picrate of “ E.””—Picric acid (0-05 g.) in EtOH-Et,O was added to the basic 
mixture (0-03 g.); yellow prisms (0-05 g.) separated at once, m. p. 178—180°, 
raised to 197° by recryst. from EtOH. 

(In the prep. of pure “B”’ considerable quantities of its picrate were 
prepared, but careful fractionation failed to reveal the presence of the picrate 
of “ A” in the mother-liquors.) 

The Action of Cyanogen Bromide on “ A” and “‘ B.”—When “‘ A” (0-1 g.) 
in Et,O or acetone (1 c.c.) was added to CNBr (0+1 g.) in Et,O, a cryst. ppt. 
quickly separated (0-1 g.); recryst. from acetone—EtOH, it formed long colour- 
less prisms, m. p. 283° (Found: C, 48-9; H, 80. C,H,,N,HBr requires C, 
49-1; H, 82%). A similar expt. with “‘B” gave scarcely any cryst. ppt. 

Methyl Lupinate a- and B-Methiodides.—Methy] lupininate (10 g.) was dis- 
solved in EtOH (10 c.c.) and acetone (30 c.c.), and MeI (8 c.c.) added. A cryst. 
ppt. quickly separated, which was collected after 4 hr. (13-4 g.) and recrystal- 
lised from EtOH, giving colourless plates, m. p. 240° (decomp.). On con- 
centration of the EtOH-acetone filtrate and addition of Mel (1 c.c.), hard 
prisms slowly separated (1-3 g.), m. p. 165—168°, raised to 170° by recryst. 
from acetone-EtOH (Found : C, 42-7; H, 6-75; N, 4:3. C,,H,,O,NI requires 
C, 42-5; H, 6-5; N, 41%). 

The Hofmann Degradation of the a- and 8-Methiodides.—The a-methiodide 
(8 g.) in H,O (30 c.c.) was either shaken in the cold or refluxed for 2 hr. with 
Ag,O (6 g.); evaporation of the filtrate then left an ammonium hydroxide 
which was only decomposed by strong heating under 20 mm. press. The wet 
distillate was dried with K,CO, in Et,O and fractionated, giving 2:6 g., b. p. 
48°/1 mm., and 0-2 g., b. p. 95°/1 mm. approx. (Found for Ist fraction: C, 
7875; H, 12-7; N, 93. C,,.H,,N requires C, 78-4; H, 12-4; N, 91%). 
The second fraction has not yet been fully investigated. The picrate of the 
first fraction formed yellow needles from EtOH, m. p. 179° (Found: C, 50-4, 
50:3; H, 5-4, 5-8. OC, 9H,,N,C,H,0O,N, requires C, 50-3; H, 5-8%). The 
methiodide (3-7 g.), m. p. 253—255°, was obtained from the base (2 g.) in 
acetone; recryst. from acetone—EtOH, it formed long colourless prisms, m. p. 
268—259° (decomp.) (Found: C, 45:1; H, 7-55; N, 5-0. C,H )N,Mel 
requires C, 44-7; H, 7:5; N, 4-8%). After this methiodide (6 g.) had been 
dissolved in H,O (25 ¢.c.) and treated with Ag,O (3 g.), decomp. of the ammon- 
ium hydroxide in the usual way gave 2-6—2-9 g. of base, b. p. 65°/1 mm., 
from which about 4-8 g. of an amorphous mixture of low- and indefinite- 
melting methiodides were obtained with Et,O-MeI. Treatment with Ag,O 
(2 g.) gave, after decomp. and extraction with HCl aq., 1 g. of a colourless 
non-basic oil, b. p. 25—26°/1 mm. This hydrocarbon polymerises readily 
on standing. 

Reduction of the a-CyH,,N Base.—The base (1 g.) was shaken for 6 hr. in 
EtOH (10 c.c.) containing an equiv. of HCl with Pt-black (0-1 g.) in H 
(3 atm.). On working up, 0°65 g. of the base ‘“‘ E” was obtained, b. p. 48°/ 
1 mm. (Found: C, 77-7; H, 13-8; N, 91. C,H,,N requires C, 77-4; H, 
13-5; N, 90%). Picrate: long canary-yellow prisms from EtOH, m. p. 
196—197° (Found: C, 50-0; H, 6-5. CyH,,N,C,H,0,N, requires C, 50-0; 
H, 62%). Picrolonate: compact, light brown prisms from EtOH, m. p. 
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129—130° (Found: C, 57-3; H, 7-2. Cy y9H,,N,C,)9H,O;N, requires C, 57:3; 
H, 69%). Methiodide: long colourless prisms, m. p. 263—265° (Found; 
C, 44-9; H, 815. C,H,,N,MelI requires C, 44-4; H, 815%). 

Treatment of the B-methiodide of methyl lupininate (2 g.) with Ag,O as for 
the a-isomeride above gave 0-4 g., b. p. 45°/1 mm., and 0-15 g., b. p. 95°/1 mm, 
(also not fully investigated; it gave a picrate, m. p. 117°) (Found for the first 
fraction : N, 9-3. C,9H,,N requires N,9-1%). This B-base gives a picrate, m. p. 
145°, raised to 148—149° by recrystn. from EtOH (Found: C, 50-5; H, 5-9. 
C,9H,,N,C,H,O,N, requires C, 50-3; H, 5-8%). Reduction of the f-base 
gave “‘ E,” as proved by its giving identical picrate and methiodide. 

Distillation of the Methochloride of *‘ E.”—The methiodide of ‘‘ E ”’ (2-4 g.) 
was refluxed for 1 hr. in H,O (15 c.c.) with AgCl (from AgNO,, 3 g.), and the 
filtered solution taken to dryness. The colourless solid residue was carefully 
heated under 1 mm. press., and the oily distillate dried in Et,O and fraction- 
ated, giving “‘ E ” (0-15 g.), and 0-71 g., b. p. 90°/1 mm. approx. This gavea 
methiodide, colourless plates, m. p. 91°, from acetone—-Et,O (Found: C, 
41-2; H, 8-1. C,,H,,NCII requires C, 41-45; H, 7-8%). This methiodide 
(3-8 g.) in H,O (30 c.c.) was refluxed for 3 hr. with Ag,O (12 g.), the filtered 
solution evaporated, and the residue distilled. The distillate was treated with 


dil. HCl, and the non-basic portion extracted with Et,O and distilled, giving ' 


0-6 g., b. p. 97—104°/15 mm. (Found: C, 75-7; H, 12-5. C,H,,0 requires 
C, 76-05; H, 12-7%). This compound (0-4 g.) in acetone (10 c.c.) was stirred 
at 0° with KMnO, (2 g. excess). The H,O extract of the MnO, on acidification 
gave 0:15 g., m. p. 120—130°, which, on extraction with Et,O-C,H,, gave 
colourless needles, m. p. 138°, raised to 140° by recrystn., and not depressed 
by admixture with authentic suberic acid (Found: C, 55-1; H, 8-3; equiv., 
88, 89. Calc. for C,H,,0,: C, 55-1; H, 80%; equiv., 87). 

isoNorlupinene.—Aminonorlupinane (1-54 g.) in N-HCl (20 c.c.) was di- 
azotised at 0° with N-NaNO, (10 ¢.c.). The solution was left for 5 min., 
heated for 1—2 min. on the water-bath, and then rapidly evaporated from 
the water-bath under reduced press.—the usual method for evaporns. 
in these two papers. Five such batches were dissolved in a small vol. of 
H,O, made strongly alkaline with KOH, and extracted 3 times with Et,0, 
and the dried extracts fractionated, giving 4-75 g., b. p. 43—47°/1 mm., and 
1-7 g. up to 95°/I1 mm. On redistillation of the Ist fraction, 4-5 g. passed over 
at 43—45°/1 mm. (Found: C, 78-9; H, 10-95. C,H,,N requires C, 78-8; H, 
10-9%). The picrolonate after one crystn. from EtOH had m. p. 189° (Found : 
C, 56-9; H, 6-0. C,H,,N,C,.H,O,N, requires C, 56-9; H, 57%). On 
recrystn. a few times from EtOH, in which the compound became markedly 
less sol., the m. p. rose to 229—230°, small acicular prisms being obtained, 
identical with the picrolonate of norlupinene (Found: C, 57-3; H, 5°65. 
C,H,,N,C,).H,O,N, requires C, 56-9; H, 5-7%). The picrate of isonorlupinene 
formed long yellow prisms from EtOH, m. p. 147° (Found: C, 48-6; H, 5-2. 
C,H,,N,C,H,0,N, requires C, 49-2; H, 4:9%). The m. p. of this compound 
also rises on repeated crystn., but the change to norlupinene is not so regular 
as for the picrolonate. 

On refractionation of some of the combined 1-7 g. fractions, the distillate 
obtained partly solidified (10%), and then formed colourless prisms, m. Pp- 
109°, from light petroleum (Found: C, 69-3; H, 11-1; N, 8-8. C,H,,;ON 
requires C, 69-7; H, 11-2; N, 9-0%). 

The Action of Bromine on (a) Norlwpinene and (b) isoNorlupinene.—(a) To 
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norlupinene (1 g.) in AcHO (5 c.c.), a solution of Br in AcHO (1 g. in 1 ¢.c.) was 
added so long as a ppt. separated. The orange solid was collected, washed 
with H,O and EtOH, dried (1-8 g.), and crystallised rapidly in smali portions 
from EtOH; long orange prisms, m. p. 175° with softening at 170°, were 
formed (Found: N, 2-9. C,H,,NBr, requires N, 3-1%). If the orange EtOH 
solution is heated on the water-bath for 1-5 hr., it becomes almost colourless : 
when the EtOH is removed and the residue made alkaline, extraction with 
Et,0 and distillation give a solid, which forms colourless prisms, m. p. 84— 
85°, from light petroleum (Found: C, 36:2; H, 5-05; N, 4:9. C,H,,NBr, 
requires C, 36-3; H, 5-05; N, 47%). ‘ 

(b) To isonorlupinene (0-4 g.) in AcHO (1 ¢.c. >), Br (1-3 g.) in AcHO (1-3 e.c.) 
was added. The solid was washed with H,O and EtOH and dried (1-15 g.). 
When cryst. in portions from EtOH, yellow cv were obtained, m. p. 156— 
157° (Found: C, 28-7; H, 4:0. C,H,,;NBr, requires C, 28-7; H, 3-9%). 


Our thanks are due to the Royal Society and the Research Fund Committee 
of Armstrong College for grants and to Mr. O, Telfer for the microanalyses in 
this and the following paper. One of us (G. R. R.) also thanks the Council 
of Armstrong College for a Research Fellowship. 


Universiry OF DuRHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, November 29th, 1932.] 





456. Octahydropyrrocoline. 
By G. R. Cremo and G. R. RaMace. 


In the J., 1931, 49 the synthesis of 8-keto-5 : 6: 7 ; 8-tetrahydro- 
pyrrocoline (I) was described, and the chemistry of the fully reduced 
ring system (II) would appear to have been adequately discussed by 
Léffler and co-workers under the name of piperolidine (or inactive 
s-coniceine). In view of the interest attaching to the . possible 
existence of two stereoisomeric forms of (II) (compare preceding 
paper) we have investigated the question afresh, and, as shown in the 
sequel, obtained two isomeric picrates from (II) as prepared by the 
Dieckmann and subsequent reactions on ethyl B-2-carbethoxypiperi- 
dinopropionate (III). This is in contrast with the corresponding 
formation of only one octahydropyridoeoline. 


CH, 





7 Z 

t— Gut, UH-CO,EE 

N/ SS aiid 
(II.) CH,  (mIr.) 


Léffler and Kaim (Ber., 1909, 42, 94) prepared 2-pyridylacrylic acid 
by the hydrolysis of the readily obtainable aldol condensation 
product from a-picoline and chloral. This acid was reduced by 
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sodium and alcohol to $-2-piperidylpropionic acid, which underwent 
ring closure on distillation. Further reduction with sodium and 
alcohol gave piperolidine, and a series of well-defined derivatives are 
described. The same base was obtained by Léffler and Flugel 
(Ber., 1909, 42, 3420) in a pure condition by carrying out a Bouve. 
ault reduction on ethyl 2-pyridylacrylate, the resulting 2-w-hydroxy. 
propylpiperidine being converted into a ring compound by iodin- 
ation with hydriodic acid and red phosphorus and treatment with 
alkali. 

In view of the poor yields resulting from sodium and alcohol 
reductions, and the ease of production of the analogous octahydro- 
pyridocoline (Clemo and Ramage, J., 1931, 307) it was thought that 
the ring system (II) would be more readily obtained by the Dieck- 
mann reaction on (III). This ester was prepared by condensing 
ethyl piperidine-2-carboxylate with ethyl 8-chloropropionate in the 
presence of anhydrous sodium acetate, although possibly steric 
influences account for the much lower yield than with the corre- 
sponding ethyl piperidine-3-carboxylate (Clemo, Ormston, and 


Ramage, J., 1931, 3185). Further, as the yield in the Dieckmann 5 


reaction is lower than that in the same reaction leading to octa- 
hydropyridocoline, it would appear that the 6 : 6 ring system of the 
latter is more readily formed than that of (II). 

The octahydropyrrocoline as obtained by Clemmensen reduction 
of the 1-keto-compound was treated with an equivalent amount of 
picric acid and fractional crystallisation of the product gave two 
analytically pure picrates, m. p. 135° and 226° respectively. The 
latter compound can be more readily obtained by allowing (II) to 
stand : the base giving rise to the picrate of m. p. 135° decomposes 
first. On repeating Léffler’s synthesis throtgh 3-keto-octahydro- 
pyrrocoline, only the picrate, m. p. 226° after one crystallisation, was 
isolated. It has been found, however, that the 3-keto-compound is 
far more readily obtained by catalytically reducing ethyl 2-pyridine- 
acrylate with the Adams and Shriner platinum oxide catalyst to 
ethyl $-2-piperidylpropionate, which is difficult to isolate in a pure 
condition, as it undergoes ring closure on distillation under ordinary 
pressure. An attempt to reduce the resulting amide group electroly- 
tically in only 20% (volume) aqueous sulphuric acid was not 
successful. 

It is difficult to imagine that the Dieckmann reaction on (ITI) can 
lead to a mixture of two structural isomerides, one of which would 
have a 6:4 ring system, and the occurrence of two picrates with 
widely different melting points suggests that the octahydropyrro- 
coline ring system occurs in: cis- and trans-forms as in the case of 
octahydropyridocoline, in which other possible explanations have 
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been excluded. In the recent work by Diels and Alder referred to 
in the previous paper, it is claimed that, by the action of dilute 
nitric acid on (VII of previous paper), followed by decarboxylation 
and reduction of (IV), octahydropyrrocoline (termed indolizidine) 
(Il) is formed. The derived picrate melts at 226°, and so, if it is 
derived from (II), only one form of the base is thus produced. 

Although the Dieckmann reaction has hitherto failed to lead to 
the formation of a four-membered ring, it was nevertheless thought 
that conidine (VI), or more particularly a substituted conidine, 
might be thus prepared from (V; R = H or, say, Me). No simple 
ketone could be isolated, however, by the action of sodium in 
toluene on either ethyl 2-carbethoxypiperidinoacetate (V; R = H) or 
its methyl derivative (R = Me). The high-boiling base resulting 
from the latter was apparently formed by a Claisen condensation 
between two molecules. 


an gare : he 
7\— GH,  OH-CO,Et ac 
YNZ CH,  N-CHR-CO,Et oa 
(IV.) \CH,/ (V.) (VI.) 


Léffler and co-workers also failed to obtain (VI) (Ber., 1907, 40, 
1336), but they have described various substituted conidines pre- 
pared by ring closure from: the appropriate iodo-piperidine (Ber., 
1907, 40, 1310; 1909, 42, 948; 1910, 43, 2048). 


EXPERIMENTAL. 

Ethyl B-2-Carbethoxypiperidinopropionate.—Ethy] piperidine-2-carboxylate 
(1-6 g.), ethyl B-chloropropionate (1-4 g.), and anhyd. NaOAc (1°5 g.) were 
heated for 14 hr. in the water-bath with occasional stirring. H,O and excess 
of K,CO, were added to four similar expts. and the liberated ester was ex- 
tracted by Et,O and fractionated, giving ethyl B-2-carbethoxypiperidino- 
propionate (6-0 g.), b. p. 116—118°/0-2 mm., as a colourless oil (Found: N, 
56. C,,;H,,0,N requires N, 5-45%). 

-2-Carboxypiperidinopropionic Acid.—The above ester (2-0 g.), conc. 
HCl (10 c.c.), and H,O (20 c.c.) were refluxed for 5 hr. The excess acid was 
completely removed under reduced press., and the residue dissolved in H,O 
and heated to boiling while CuCO, was slowly added. After filtration the ppt. 
was washed with hot H,O, and the filtrate concentrated to small bulk and 
allowed to cool. The Cu salt which separated was washed with acetone and 
air-dried (2-0 g.). A hot aq. solution was decomposed with H,S and filtered, 
and the filtrate (charcoal) taken to dryness under reduced press., giving B-2- 
carbonypiperidinopropionic acid (1-0 g.). This crystallised from hot H,O, 
after addition of an equal vol. of EtOH, in colourless granular aggregates, m. p. 
210° (Found: C, 54:3; H, 7-4; N, 7-2. C,H,,0,N requires C, 53-7; H, 
75; N, 7-0%). 

1-Keto-octahydropyrrocoline.—Na (1-0 g.) was powdered under xylene (40 
¢¢.) and gently refluxed while ethyl f-2-carbethoxypiperidinopropionate 
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(6-3 g.) in xylene (6 ¢.c.) was gradually added; when the mixture was heated 
for 2 hr. on the water-bath, the Na salt separated. H,O (10 c.c.) was added, 
followed by cone. HCl (15 ¢.c.), and the heating continued for 6 hr., C0, 
evolution then ceasing. After evaporation, the residue was made alkaline 
with NaOH aq. (10%) and extracted with Et,0. Fractionation gave 1-keio- 
octahydropyrrocoline as a colourless basic oil (2-3 g.), b. p. 93°/18 mm., with a 
characteristic smell; it slowly decomposed on standing (Found: C, 69-2; 
H, 95; N, 10-2. C,H,,ON requires C, 69-1; H, 9:35; N, 10-1%). 

Octahydropyrrocoline (II).—A mixture of the above ketone (2-0 g.), amal- 
gamated Zn (15 g.), and conc. HCl (15 c.c.) was refluxed for 6 hr., and fora 
further period after addition of more HCl aq. (10 ¢.c.). The decanted solution 
was evaporated to dryness, and the residue made strongly alkaline with 
NaOH aq. (10%) and steam-distilled. The distillate was extracted with 
Et,0, and the dried extract gave a colourless oil (0-6 g.), b. p. 65—67° /18 
mm. (Found: N,11-0. Cale.: N, 11-2%). The compound turns yellow on 
standing and partly decomposes. It is slightly sol. in cold H,O, giving 
solution markedly alkaline to litmus. The picrate from the freshly prepared 
base (0-2 g.), eryst. from EtOH, m. p. 164—166° (Found: C, 47-25; H, 5-15. 
Cale. : C, 47-5; H, 51%), was twice extracted with C,H, (7c.c.). The yellow 
elongated plates obtained from the first extract on cooling had m. p. 195°, 
raised by recrystn..from EtOH (m, p.’s 215°, 224°, 226°, all with decomp.). 
The residue after C,H, extraction gave yellow needles from EtOH, m. p.’s 
139—140°, 135—-136° (a C,H, extract also gave picrate, m. p. 135—136°) and 
135° (Found: C, 47-5; H, 48%). On distilling the base after considerable 
decomp. had occurred through standing for several days, the picrate obtained 
had m. p. 196°, raised to 226° (decomp.) (Found : C, 47-7; H, 5-0; N, 16-0%), 
and not depressed by admixture with Léffler’s picrate (below). 

Ethyl 2-Pyridylacrylate.—P yridy1-w-trichloro-B-hydroxypropane hydrochlor- 
ide (Ber., 1909, 42, 96) (30 g.) [the free base, isolated by Et,O extraction, 
solidified on removal of solvent and crystallised from petroleum (b. p. 100— 
120°) in stout colourless prisms, m. p. 82° (Found: N, 5-9. Cale. for 
C,H,ONCI,: N, 5°8%)] was hydrolysed by KOH as described, the residue 
from the EtOH extract esterified by refluxing with EtOH-—HCI, the solvent 
removed, and the residue (and K,CO,) extracted with Et,0. A pale yellow 
oil (12-5 g.), b, p. 153°/16 mm., was obtained (Found: N, 7:8. Calc.: N, 
79%). 

3-Keto-octahydropyrrocoline.—(1) The above ester (5-0 g.) was hydrolysed 
by boiling for 5 hr. with conc. HCl (15 ¢.c.) and H,O (30 c.c.), the solution 
evaporated to dryness, and the residue reduced with Na (20 g.) in EtOH. 
The free piperidylpropionic acid was isolated by means of Ag,CO, (see Ber., 
1909, 42, 97) and on distillation gave 3-keto-octahydropyrrocoline (1-1 g.). 

(2) Ethyl 2-pyridylacrylate (10 g.) in EtOH (50 c.c.) containing equiv. 
amounts of HCl and catalyst (0-2 g.) was shaken in H (55 Ib./sq. inch) for 9 hr. 
After decanting (the catalyst can be used again with the further addition of 
0-1 g.), the EtOH was removed, and the residue made alkaline with K,00,; 
an Et,0 extract on distillation gave ethyl f-2-piperidylpropionate (7°5 g-) 
almost pure (Found: N, 8-3. Calc.: N, 76%). This material, heated to 
its b. p. 258°/750 mm., underwent ring closure: the product was purified by 
just acidifying it with HCl aq. (50%) to Congo-paper and extraction with 
CHCl,, which gave the non-basic 3-keto-octahydropyrrocoline (5-0 g.), b. Pp. 
135°/18 mm. (Found: N, 10-0. Calc.: N, 10-1%). 
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Octahydropyrrocoline.—A Bouveault reduction on the above amide (1-5 g.) 
gave octahydropyrrocoline (0-25 g.) and recovered compound (0-6 g.). The 
base, which was relatively stable on standing, gave a picrate, m. p. 220°, which, 
recrystallised from EtOH, formed yellow elongated plates, m. p. 226° (decomp.) 
(Found: N, 16-0. Cale.: N, 15-85%). 

Ethyl 2-Carbethoxypiperidinoacetate.—Ethy] piperidine-2-carboxylate (1-6 g.) 
ethyl chloroacetate (1-25 g.), and anhyd. K,CO, (1-5 g.) were heated in the 
water-bath for 1 hr. with occasional stirring. The oil resulting from the 
addition of H,O was collected in Et,O and fractionated, giving ethyl 2-carb- 
ethoxypiperidinoacetate (1-5 g.), b. p. 149°/17 mm., as a colourless oil (Found : 
N, 5-9. C,,H.,0O,N requires N, 5-75%). 

Ethyl a-2-Carbethoxrypiperidinopropionate.—Ethyl a-bromopropionate (1-8 
g.) was used in the above preparation, and ethyl a-2-carbethoxrypiperidino- 
propionate (2-1 g.), b. p. 151°/17 mm., 110°/0-2 mm., obtained (Found: N, 
56. C,,H,,0,N requires N, 5-45%). 


Our thanks are due to Imperial Chemical Industries for a grant. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, November 29th, 1932.] 





457. The Molecular Weight of 1|-Erythrose. 
By VEeNANCcIO DEULOFEU. 


GLYCOLLALDEHYDE (Fenton and Jackson, J., 1899, 75, 577), 
dihydroxyacetone, and lactaldehyde, which contain an alcoholic 
hydroxyl group adjacent to carbonyl, show twice the theoretical 
molecular weight in fresh aqueous solutions. Glyceraldehyde 
(Wohl and Neuberg, Ber., 1900, 33, 3095) and similar compounds 
(Bergmann and Kann, Annalen, 1924, 428, 278) also exhibit 
association. 

From the results obtained by Helferich and his collaborators 
with y-hydroxyaldehydes (see especially Helferich and Gehrke, 
Ber., 1921, 54, 2640) it was to be expected that tetroses would 
have normal molecular weights in solution, and this has now been 
found to be so for erythrose, for which molecular weights of 130 
and 132 have been obtained in two experiments (calc., 120). These 
results were obtained before Freudenberg’s paper (Ber., 1932, 65, 
168) on crystalline d-threose appeared. 

Erythrose, which does not give Angeli’s aldehyde reaction and 
responds only slowly to the Schiff test, may be regarded as tri- 
hydroxytetrahydrofuran, the simplest representative of the furanose 
class of sugars (Haworth, ‘“‘ Ring Structure in the Monosaccharides, 
ete.””;  Dixiéme Conférence de |l’Union International de Chimie, 
p. 42). 
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Tetra-acetyl arabononitrile has been prepared from arabinose 
oxime, and erythrose-diacetamide from triacetyl erythrose. The 
latter result confirms the work of Brigl, MiihIschlegel, and Schinle 
(Ber., 1931, 64, 2921) on the necessity for a free aldehyde group for 
this type of condensation. 


EXPERIMENTAL. 


Tetra-acetyl Arabononitrile.—To a clear cool solution of arabinose oxime 
(1 g.-) in anhyd. pyridine (2 c.c.), Ac,O (5 c.c.) was added, the temp. being 
kept below 70°. After remaining for 24 hr. at room temp., the solution was 
poured into H,O (30 c.c.). The pptd. syrup, after solidifying, was washed 
with H,O, dried, and crystallised from EtOH until it had m. p. 119—120°, 
alone or mixed with the nitrile prepared in the usual way. 

Erythrose-diacetamide.—Triacetyl erythrose (0-5 g.) was treated with a 
mixture of 96% EtOH and conc. NH, aq. (5 c.c. of each), after 24 hr. the 
solution was evaporated in vac., and the residue treated with abs. EtOH- 
Et,0 and seeded with erythrose-diacetamide. The crystals formed after 
some hr. were recrystallised from H,O; m. p. and mixed m. p. 210°. 

Triacetyl Erythrose-diacetamide.—Erythrose-diacetamide (1 g.) was warmed 
with 5 c.c. of pyridine and 3-5 c.c. of Ac,O until it dissolved. The solution 
was kept for 24 hr. at room temp. and then evaporated in vac. over KOH 
and H,SO,. The residue of triacetyl erythrose-diacetamide, after crystallising 
four times from EtOH-—Et,0, formed colourless crystals, m. p. 147°, very 
sol. in H,O, CHCl,, and EtOH and sparingly sol. in Et,0; [a]?" +31-7° in 
H,0. The substance reduced Fehling’s solution only after prolonged heating 
(Found: N, 8-25. C,,H,.O,N, requires N, 8-1%). 

Erythrose Benzylphenylhydrazone.—A solution of erythrose-diacetamide 
(5 g.) in H,O (300 c.c.) was boiled with 25% H,SO, (15 c.c.) for 1 hr., con- 
centrated to 25 c.c. in vac. at a low temp., extracted continuously with Et,0, 
diluted, and neutralised with Ba(OH),. Dil. AcOH was then added drop 
by drop, and the faintly acid solution filtered and evaporated in vac. to dry- 
ness, The residue was extracted with abs. EtOH so léng as the extracts 
reduced Fehling’s solution. The combined extracts were titrated for reducing 
sugars (expressed as glucose), the necessary quantity of benzylphenylhydrazine 
added, and next day the solution was evaporated in vac., the residue extracted 
with warm C,H,, and the extract treated with ligroin (4 vol.). Any ppt. 
produced was removed quickly, and the filtrate kept ; cryst. erythrose benzyl- 
phenylhydrazone then separated, m. p. 102—103°. Some prepns. failed to 
give a cryst. hydrazone. 

Calcium Arabonate.—The general method of Hudson and Isbell (J. Amer. 
Chem. Soc., 1929, 51, 2225) was simplified. A solution of arabinose (15 g.) 
and barium benzoate (60 g.) in H,O (750 c.c.) was cooled to 3° and treated 
with Br (6-1 ¢.c.). The solution was shaken for some min., benzoic acid 
separating, and then kept in the dark for 40 hr. until the Fehling reaction 
was negative. The slight excess of Br was removed in a stream of air, the 
Ba pptd. with 6N-H,SO,, and the filtered solution shaken with CHCI,, which 
extracted the dissolved benzoic acid and the last trace of Br. The solution 
was then boiled with CaCO, and concentrated in vac. to 90 c.c. After some 
time, hydrated calcium arabonate (5H,O) crystallised; yield, 21 g. (90%). 

1-Erythrose.—The calcium arabonate was recrystallised from H,O (charcoal), 
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dried in vac. at 100°, and degraded by Ruff’s method (Ber., 1899, 82, 3672) 
to erythrose, which was isolated as the benzylphenylhydrazone. 

Erythrose benzylphenylhydrazone (10 g., obtained by the two methods 
above indicated) was treated in a boiling water-bath with 20 c.c. of a freshly 
prepared solution of formaldehyde. After 20 min. the formaldehyde benzyl- 
phenylhydrazone was removed, and the filtrate extracted with Et,O for some 
hr. and then evaporated below 30° in vac. The almost colourless syrupy 
residue was dissolved in abs. EtOH, the solution filtered and evaporated in 
vac. at room temp., and the syrupy residue kept over P,O, and KOH in a 
desiccator until its wt. was constant. The product was a colourless ashless 
syrup, [a]? in H,O, + 1-3° (initial) and + 22-1° (final value). The substance 
slowly coloured Schiff’s reagent. 

Molecular Weight of 1|-Erythrose.—Two determinations were made with 
the dry erythrose in the usual Beckmann apparatus. (a) 0-1962 G. in 17-46 
g. H,O gave A 0-16°; M, 129-9. After 3 hr. the same depression was obtained. 
(b) 0-2796 G. in 17-83 g. H,O gave A 0-22°; M,132. After 4 hr., A was 0-23°, 
corresponding to M, 126-2. (Cale.: M, 120). 


InsTITUTO DE Fistotocia, Buenos Armes. ([Received, July 18th, 1932.] 





NOTES, 


A Supposed Anomaly among the Plato-tetrammines. By H. D. 
K. Drew and G. H, Wyarr. 


A MIXED plato-tetrammine of the type [Pta,b,]|Cl, should exist in 
only two forms, but in the single case of [Pt(NH,),dm,]Cl,, where 
dm = dimethylamine, Jérgensen (Z. anorg. Chem., 1906, 48, 
374) described two distinct $-forms, in addition to the usual «-form ; 
one (A) was prepared by the addition of dimethylamine to 8- 
Pt(NH,),Cl,, and the other (B) by the addition of ammonia to 
§-Ptdm,Cl,. Form A occurred in large, clear plates, and B only 
in crystalline aggregates. Aqueous solutions of A gave with 
potassium chloroplatinite a carmine-red plato-salt, crystallising with 
1H,0; whereas freshly made aqueous solutions of B gave an an- 
hydrous buff-coloured plato-salt. After being kept, solutions of B 
gave only the red plato-salt, which, however, changed into the 
other salt on standing under the mother-liquor. Both plato-salts 
gave the red form when recrystallised; and, moreover, both tetr- 
ammines gave the same mixed diamine dibromide, Pt(NH,)dmBr,, 
when degraded by means of hydrobromic acid. 

We now find that there is only one form of the @-tetrammine, 
and that this gives either the hydrated or the anhydrous plato-salt 
according to experimental conditions, temperature and acidity 
being the determining factors. We suggest that failure to control 
these, together with the presence of a trace of impurity in Jérgen- 
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sen’s less well-defined tetrammine (B), account for his results, some 
of which we were unable to repeat. 


EXPERIMENTAL. 


(The red plato-salt is referred to as A’, and the buff salt as B’.) 

B-Ptdm,Cl,, prep. from aq. NHMe, and K,PtCl, at room temp. for 6 hr., 
forms yellow plates or needles when recryst. from H,O (yield 75%) (Found: 

Pt, 54:8, Calce.: Pt, 54-8%); it gives practically no coloration with phenox. 
tellurine dibisulphate. 

B-[Pt(NH,),dm,)Cl,, prep. by dissolving B-Pt(NH;),Cl, in NHMe, aq. at 
room temp. (10—14 days) (yield nearly quant.), forms a syrup on spontaneous 
evaporation; dried over P,O, and recryst. from aq. EtOH, it forms col>urless 
square prisms or hexagonal reedles (Found: Pt, 49-7, 49-6, 49-8. Calc. for 
C,HyN,Cl,Pt: Pt, 500%). No difference could be detected between this 
specimen and that similarly obtained from the foregoing diammine; and 
neither showed any change when kept in aq. solution during 10 days. Both 
specimens behaved in the same manner towards K,PtCl, whether they were 
freshly prep., recryst., or had been kept in the solid state or in solution. 
The plato-salt, 8-[Pt(NH,),dm,]PtCl,, thus obtained was B’ if the solution 
was strongly acid with HCl and A’ if it was neutral or faintly acid. 

The red form (A’) occurs as bundles of slender needles (Found, in various 
samples: Pt, 57-5, 57-5, 57-4, 57-6, 57-5, 57-4, 57-8. Calc. for monohydrate : 
Pt, 57-7%), and the buff form (B’) as domed prisms with well-defined faces 
(Found : Pt, 58-7, 59-3, 59-5. Cale. foranhyd. salt: Pt,59-5%). Both forms 
gave identical black colorations with phenoxtellurine dibisulphate. The 
following successive analyses relate to a sample of A’ as it gradually changed 
in air into B’: Pt, 57-0, 57-3, 58-6, 59-5%. 

When kept in a desiccator, B’ is stable, but A’ slowly changes into it. 
Similarly, under the mother-liquor, A’ slowly changes into B’ in the more acid 
solutions, and the same change occurs under distilled water at room temp. 
but not at 0°. Recrystn. from moderately conc. acid yielded B’, but from 
H,0 gave A’. . 

Attempts to test whether a sat. solution of A’ would dissolve B’ were rendered 
indecisive by the transformation. For the same reason, regeneration of the 
tetrammino-chloride by heating each salt with 1 equiv. of [Pt(NH;),)Cl, aq. 
afforded no information, but the mixed tetrammine so obtained from the A’ 
salt showed the same behaviour towards K,PtCl, aq. as did the specimen 
prepared directly. 


We thank the Chemical Society and the Department of Scientific and 
Industrial Research for grants.—East Lonpon Cotteer. [| Received, October 


11th, 1932.] 





The Nitration of p-Dimethylaminoacetanilide by Nitrous Acid. By H. H. 
Hopeson and J. H. Croox. 


p-DIMETHYLAMINOACETANILIDE [m. p. 132°; Auwers and Wehr, Annalen, 
1904, $44, 311, give m. p. 130°; picrate, light yellow micro-plates, m. p. 224° 
(Found: N, 17-4. C,,H,,0,N, requires N, 17-2%)], when subjected to the 
procedure of Hodgson and Kershaw (J., 1930, 27), gave a trace of an N- 
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nitroso-compound (m. p. 146°) and almost 100% of 3-nitro-p-dimethylamino- 
acetanilide, maroon parallelepipeds, m. p. 132° (Found: N, 18-9. Cy9H,,;0;N; 
requires N, 18-8%); hydrochloride, colourless parallelepipeds, m. p. 180° 
(decomp.) (Found: N, 16-4; Cl, 13-5. C,).H,,0,N;,HCl requires N, 16-2; 
Cl, 13°7%); picrate, orange plates, m. p. 172° (Found: N, 18-8. C,.H,,0i0N. 
requires N, 18-6%); chloropicrate, lemon-yellow rectangular plates, m. p. 
149° (Found: Cl, 7-1. CyH,,OjgN,Cl requires Cl, 7:3%). 3-Nitro-p- 
dimethylaminoacetanilide was synthesised by heating on the water-bath for 
6 hr. a mixture of 4-chloro-3-nitroacetanilide (1-4 g.) and NHMe, (0-9 ¢.c. in 
20 cc. EtOH). Group inhibition of the displacement of an N-Me group 
by nitrous acid appears to be in the order NHAc>OMe>Me. 

Although HNO, at equiv. dilution is inactive (loc. cit.), p-dimethylamino- 
acetanilide (1-8 g.), when dissolved in conc. H,SO, (10 c.c.) and treated at 0° 
with HNO, (0-4 c.c.; d 1-5) in cone. H,SO, (5 c.c.), yields 2-nitro-p-dimethyl- 
aminoacetanilide, deep red needles, m. p. 116° (Found: N, 19-0%); picrate, 
lemon-yellow hexagonal plates, m. p. 185° (Found: N, 18-9%); chloropicrate, 
long greenish-yellow parallelepipeds, m. p, 184° (Found: Cl, 7:2%). On 
hydrolysis, 3-nitro-4-aminodimethylaniline is obtained, deep red needles, 
m. p. 112° (Found: N, 23-4. C,H,,0,N; requires N, 23-2%); picrate, green- 
yellow micro-prisms, m. p. 205° (Found: N, 20-7. C,,H,,O,N, requires 
N, 20-5%); chloropicrate, green-yellow needles, m. p. 204° (Found: Cl, 81. 
C,,H,,0,N,Cl requires Cl, 8-0%). It is noteworthy that monopicrates and 
not dipicrates are formed. 


The authors thank Imperial Chemical Industries, Ltd., for various gifts.— 
TECHNICAL COLLEGE, HUDDERSFIELD. [Receiwed, August 3rd, 1932.] 
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HENRY BURGESS. 


Dr. Henry Burcess, whose death occurred on the 2nd October, 
1931, was born at Wrenbury Frith on the 24th January, 1897, his 
parents being farmers near Whitchurch in Shropshire. He began 
his education in the village school at Calverhall and went from there 
with a scholarship to the Whitchurch Grammar School in 1909. 
In 1914 he qualified for a leaving exhibition of the Shropshire 
County Council and was awarded the Whitchurch Grammar School 
leaving exhibition. He then proceeded to Birmingham University 
and after one session of undergraduate study he took up war work 
under the supervision of Professor P. F. Frankland, F.R.S. This 
task involved analyses of coal tar and the testing of high explosives, 
including trinitrotoluene (T.N.T.). 

At the end of the war he resumed his academic studies and 
qualified for his pass B.Sc. in the first division, with the award of a 
University scholarship. In 1920 he graduated with first-class honours 
in Chemistry, gaining a Priestley Research Scholarship. During 
the session 1920-21 he was initiated by me into chemical research, 
the subject of study being non-aromatic diazonium salts. Our 
immediate objective was 4-amino-3 : 5-dimethylisooxazole in order 
to ascertain whether the salts of this non-aromatic base were diazo- 
tisable. Reduction of the intermediate product, 4-nitro-3 : 5-di- 
methylisooxazole, presented unusual difficulties, which were finally 
overcome by the employment of amalgamated aluminium and moist 
ether. At this task Burgess worked so assiduously that within the 
session two papers were communicated to the Chemical Society on 
new diazo-derivatives of the isooxazole series. A thesis embodying 
these results gained him the M.Sc. degree and at the same time he 
was elected to an 1851 Research Exhibition. With this assistance 
he was enabled to study for two years in the University of Cambridge, 
at the end of which period (1921-23) he obtained the Ph.D. degree. 

During these years he worked with Professor T. M. Lowry, F.B.S., 
who writes as follows of Burgess’s collaboration : ‘‘ His preparative 
work was remarkable for the fact that he never let anything go down 
the sink, but always tried to account for the whole of the material 
used in the preparation; and when the reaction proceeded in 
unexpected ways and failed te give the desired product, this pro- 
cedure proved quite fertile in disclosing new products.” 
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Burgess was both an accurate and a rapid worker, and no less than 
eleven papers were published as a result of his short stay at 
Cambridge. He isolated the sulphonates of §-bromocamphor and 
also 8-bromocamphorquinone from very uninviting materials. An 
outstanding discovery was the mutarotation of beryllium benzoyl- 
camphor, a phenomenon not before observed among metallic deriv- 
atives of this type. 

On leaving Cambridge in 1924 Burgess was appointed Demon- 
strator in the Chemistry Department of Guy’s Hospital Medical 
School, where he proved a very successful teacher. Professor 
C. 8. Gibson, F.R.S., remarks that “ his efforts were untiring and the 
students soon realised his excellent qualities; and apart from his 
teaching duties, the amount of investigative work which he 
accomplished in one year is striking testimony to his industry. He 
was extremely thorough, a most careful and accurate worker, with 
an unusual capacity for taking pains.” As a practical outcome of 
their collaboration, optically pure J/-camphor-10-sulphonic acid — 
(Reychler) is now available in quantity for stereochemical 
investigations. 

In January, 1926, Dr. Burgess joined the scientific staff of the 
Chemical Research Laboratory, Teddington, and we resumed 
a collaboration which had been interrupted since 1921. He was 
allotted the difficult task of studying organic derivatives of tellurium 
with special reference to their possible utilisation in chemotherapy. 
As regards this application the results were disheartening; our 
preparations had no beneficial effect on trypanosomiasis in mice 
and these animals when treated with such organic tellurium com- 
pounds were stated by our biological collaborators to acquire a 
penetrating disagreeable odour, probably due either to tellurium 
dimethyl or to some analogous telluriferous substance. The chemical 
results were, however, of greater interest. The interactions of 
aluminium telluride and w-pentamethylene dihalides gave rise to a 
new series of organic telluronium halides, of which cyclotelluripentane 
di-iodide was isolated in two well-defined coloured forms. 

The reduction of this di-iodide and its analogues led to cyclo- 
telluropentane containing a ring system of five carbon atoms in 
which for the first time tellurium had been implicated. As this 
tellurohydrocarbon is a very oxidisable oil with a repulsive and 
nauseating odour, the experimental difficulties attending its investi- 
gation were very great. 

In 1928 Dr. Burgess was promoted to the grade of Assistant I in 
the Research Department, Woolwich Arsenal, where he undertook 
work of a confidential and dangerous character, on the heats of 
formation of a series of high explosives and on the relationship of 
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chemical constitution to explosive properties. Of this last phase in 
Burgess’s life his Chief Superintendent, Dr. G. Rotter, writes: 
“‘ He was a good all-round chemist and a véry pleasant man to deal 
with.” 

With this tribute to Burgess’s professional aptitude and good 
personal qualities all who ever worked with him are in cordial 
agreement. 

Burgess’s career as an investigator lasted only for the brief span 
of ten years, but within that restricted period he had contributed to 
chemical literature some seventeen papers of definite value in 
extending chemical knowledge. Such a record would be highly 
meritorious even for a young man enjoying good health and 
possessed of a sound constitution; but these blessings had not been 
bestowed on Burgess. From birth he had been partly paralysed down 
the right side and in childhood had undergone surgical operations 
on hand and foot, made with the object of diminishing his disability. 
Quite naturally Burgess was very sensitive in regard to this infirmity 
and he greatly disliked anysympathy. Butit seems quite fitting now 
to mention this sad circumstance in order to emphasise the supreme 
triumph which an indomitable will coupled with intellectual gifts 
of a high order achieved over an ailing body. His life was one long 
battle against physical pain and debility, but he hid this suffering 
with a Spartan bravery. In a tragically literal sense his experi- 
mental work was mainly single-handed, a fact which made his 
scrupulous neatness and quantitative accuracy all the more mar- 
vellous. In sport as in his work he schooled himself to emulate 
those who were physically fitter than he; he was fond of walking 
and played tennis. : 

In 1930 he married Miss Enid Cottam of Eltham, who survives 


him. 
G. T. More@an. 


ALFRED CHASTON CHAPMAN. 


Ir is sad to have to record the death, on October 17th, at the early 
age of less than sixty-three, of our valued Fellow, Alfred Chaston 
Chapman. Professor Armstrong, in a short appreciation in The 
Times, 80 well expressed what many of us are thinking that the 
writer feels it fitting to repeat here Professor Armstrong’s opening 
sentences. He wrote: “ By the death of Chaston Chapman, the 
body chemical suffers a loss that is truly irreparable ; there is no one 
to put into the niche into which he had most perfectly fitted himself 
by constant and conscientious endeavour. In him we lose no mere 
chemist—what is far more serious a social star of the first magnitude 
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inour world. He was one of our few liaison officers—one of the very 
few who serve as intermediaries between the laboratory worker and 
the world outside. With age he developed a charm and courtesy of 
manner, old-fashioned in its perfection, which added greatly to his 
popularity and influence.”’ 

Chaston Chapman was the son of the late A. W. Chapman, 
formerly of Pool-in-Wharfedale, and received his early education at 
the Leeds Grammar School, whence he proceeded to University 
College, London, where he took chemistry and physics under 
Williamson, Charles Graham, and Carey Foster. While Williamson 
was Professor of general chemistry, Graham was Professor of applied 
or technical chemistry; and, while still a boy, Chapman found 
himself promoted from the students’ bench to the post of “‘ demon- 
strator of chemical technology ”’ in Graham’s laboratory. 

It is a little difficult now to think of ‘ applied chemistry” as 
coming in its entirety within the purview of one professor, but, 
even then, the province was a wide one. Graham was, in practice, 
somewhat of a specialist, and the corner of his province that he loved 
best to till was that of brewing chemistry. This proved to have a 
fascination for the young demonstrator, who, before very long, 
acquired sufficient knowledge to lead him, encouraged by his teacher, 
to the bold venture of embarking in consulting practice on his own 
account; and to aid him over the probable period of waiting for 
work he established in his newly-formed laboratory a private school 
of brewing long before brewing had attained the status, as it later did, 
of recognition as a department of even university study. A few 
large brewers had already long had chemists of their own, among the 
names of whom are remembered with homage those of O’Sullivan, 
of Adrian and Horace Brown, of Heron, and of Briant, who shone 
among minor stars; but the majority of brewers scattered over the 
country had no localised scientific direction and relied upon con- 
sultants, to whom many of them were glad to send their sons to 
learn something of the why and wherefore of their operations. At 
the time of Chapman’s début there were already several well-known 
chemical brewizig consultants in London whose laboratories afforded 
facilities for such instruction, but not on quite the scholastic lines 
instituted by Chapman: he not only set his pupils to bench work, 
but, regularly delivered to them formal lectures. His efforts as a 
teacher were successful, and the pupils who went back to the country 
to put in practice the principles he had taught them generally leant 
on him later for advice and sent others to increase the steadily 
lengthening list of his clients. 

In due course Chapman played a prominent part in the Institute 
of Brewing—the large and vigorous organisation that gradually 
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developed from the ‘“‘ Laboratory Club ’’—a pleasant little coterie of 
brewing chemists that some of our elders may perhaps still remember. 
Of the fully developed Institute he was President in 1911-13. 

But his tastes in chemistry were catholic—as we shall presently 
see—and his power of directing his acumen, even at short notice, 
into other channels Jed later to his advice and help being enlisted in 
various other branches of chemical enterprise. 

His first contribution to the T'ransactions of the Chemical Society 
was a description (J., 1889, 55, 576) of a definite compound of 
dextrose and zinc oxide which he called “‘ zinc dextrosate,” which 
was followed (J., 1891, 59, 323) by the description of similar 
compounds of the oxides of nickel, chromium, and iron. Later 
(P., 1903, 66) he obtained some, but less definite, evidence of a similar 
compound with alumina. His first really notable paper, however, 
was in the T'ransactions of 1895, p. 54, on the Essential Oil of Hops. 
Operating on the oil distilled from large quantities of hops, of both 
English and Continental growth, he showed the principal constituent 
to be a sesquiterpene which he called “ humulene,” from which he 
prepared a nitrosochloride and a nitrolpiperidide. In the same year 
(J., 1895, 67, 780) he described the preparation of a hydrochloride 
of the last-named derivative and other derivatives, viz., humulene 
nitrolbenzylamine, humulene nitrosate, and nitrosite. A further 
paper (J., 1903, 83, 505) dealt with constituents of hop oil other than 
humulene, the principal of which he identified with myrcene 
previously prepared by Power from bay oil. Whilst humulene and 
myrcene were found to be the main constituents, minor ones were 
linalool and linalyl isononoate, with small quantities of a diterpene 
and probably traces of some ester of geraniol. 

Later (J., 1928, 785) humulene again formed the subject of a paper 
in which Chapman defended the individuality of humulene in an 
account of a critical repetition of the. work of Deussen, who had 
claimed to identify humulene with a substance, obtained from clove 
oil, which he had described as inactive caryophyllene. Chapman 
was unable to obtain satisfactory evidence of the existence of any 
such inactive form of caryophyllene as Deussen had conjectured, 
but concluded that what Deussen had indeed found was humulene 
itself, which Chapman, by his own work, now identified as a minor 
constituent of clove oil. Deussen published a reply which seemed to 
imply misunderstanding of the evidence adduced by Chapman, who, 
however, in a supplementary paper next year, reaffirmed his con- 
clusion. 

Yet another paper on the essential oil of hops (J., 1928, 1304) 
dealt with its constituents of higher boiling point, in which were 
described three thitherto unrecognised substances, viz., a ketone 
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(luparone), an unsaturated alcohol (luparenol), and a phenolic ether 
(luparol). The presence of isovaleric acid was also noticed. 

Prior to this (J., 1914, 105, 1895) the ‘‘ Nitrogenous Constituents 
of Hops” had engaged the author’s attention. Until then, apart 
from the mere percentage of total nitrogen, knowledge appears to 
have been confined to the detection by Bungener and Fries of the 
presence of asparagine and by Griess and Harrow of choline. 
Chapman’s investigation, whilst confirming those findings, indicated 
the presence also of betaine, l-asparagine, aspartic acid, adenine, 
hypoxanthine, and traces of a volatile base that may possibly have 
been coniine, the presence of which had been suggested but not 
proved by Griessmayer as far back as 1874. 

In 1896 a short paper on “ Santalal and some of its derivatives,”’ 
written in conjunction with H. E. Burgess, is recorded in the Pro- 
ceedings (p. 140), establishing chemical and physical distinction 
between cedrene and the hydrocarbon derived by treatment of san- 
talal with phosphorus pentoxide, thitherto supposed to be identical, 
and this was followed by a paper (J., 1901, 79, 134) on santalenic 
acid prepared by the permanganate oxidation of sandalwood oil, a 
series of salts and substitution derivatives being described. 

An interesting paper (J., 1913, 103, 775) on a less organic subject 
was an account of an investigation into the action of tartaric acid 
on tin in the presence of oxygen. The indifference of tin to tartaric 
acid as noticed by previous observers was confirmed; but Chapman 
found that with access of oxygen stannous tartrate was formed 
which gradually dissociated into tartaric acid and stannous hydroxide, 
the latter compound gradually forming stannic oxide or, more 
probably, a hydrated sesquioxide, in a strongly coloured colloidal 
form separable by dialysis from the concomitant acid. 

A memorable and at the time startling contribution at one of our 
meetings was that on “‘ Spinacene ”’ (J., 1917, 111, 56), this being a 
new hydrocarbon obtained from certain fish-liver oils, the original 
paper being followed (J., 1923, 123, 769) by another in which the 
study of this remarkable substance was continued. The author, in 
the ordinary course of analytical practice, had come across a sample 
of reputed cod-liver oil which was found to contain nearly 90% of a 
hydrocarbon oil. Inquiry showed that, although obviously not 
cod-liver oil, it was undoubtedly the genuine product of fish livers, 
namely, those of two Mediterranean fish of the shark family, 
Centrophorus granulosis and Scymnus lichia. The hydrocarbon 
appeared to be an optically inactive chain compound of a composition 
corresponding to Cy9H59, yielding on hydrogenation the saturated 
compound C,9H,,. Several derivatives throwing light on its con- 
stitution were described in the first paper. Chapman christened this 
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new hydrocarbon “Spinacene.” It transpired that, unknown to 
Chapman until after the presentation of his original paper to the 
Society, the same or a similar compound had been discovered 
independently by M. Tsujimoto in the livers of two Japanese fish 
of the same family, to which the discoverer had also assigned the 
formula C39H;9, and to which he had given the name ‘ Squalene.” 
Chapman in his later paper recorded a closer study of the physical 
constants of the hydrocarbon and described various further deriva- 
tives, concluding that its composition was more correctly expressed 
by the formula C,,H,,, that it was closely related to the terpenes and 
apparently to cholesterol, also occurring in fish-liver oils, having the 
same number of carbon atoms and being in itself a complex terpene 
compound. 

Chapman’s lecture to the Society in March, 1917 (J., 1917, 114, 
203) on ‘Some Main Lines of Advance in the Domain of Modem 
Analytical Chemistry ”’ will be well remembered by all who were 
present at its delivery. He pleaded eloquently for a better scientific 
recognition of this branch of chemistry, presenting his thesis ina 
masterly and comprehensive digest of modern progress in analytical 
work in inorganic, physical, organic, and biological chemistry. 
He deprecated the too prevalent tendency to regard analytical 
chemistry as merely a useful art, claiming that “‘ so far from being 
the exhausted and lethargic handmaiden”’ of our science it was 
“in fact, as alive, as progressive, and as originative of research as 
any other branch of our science.” And he made astrong plea for the 
establishment in our universities and colleges of professorial chairs 
to be specially devoted to analytical chemistry. 

Chapman was also the contributor of a long list of useful papers in 
the Analyst, having early in his career closely identified himself with 
the work of the Society of Public Analysts, of which he was one of 
the honorary secretaries for many years, and President in 1915 and 
1916. His contributions to the Analyst dealt with, among other 
matters, the quantitative separation of isovaleric and acetic acids; 
a method for distinguishing between the bitters of hops and quassia; 
apparatus for use in the analysis of essential oils; distinction by 
colour reaction between isomeric allyl and propenyl phenols; 
palladium—hydrogen as a reducing agent; the reducing action of 
hydrogen under a great variety of conditions; estimation of tartaric 
acid, of creatinine, and of hydrogen cyanide; standards for malt 
vinegar; adsorption as applied to the detection and separation of 
dyes; the examination of Chinese and Japanese wood oil; fish-liver 
oils; the analytical examination of nucleic acid; and the testing of 
foodstuffs for sulphites and other preservatives. 

Amongst his many contributions to the Analyst, however, some call 
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for more special mention. One was the detection and estimation of 
glycerol in tobacco—a problem long recognised as one attended by 
difficulty (Analyst, 1926, 54, 382)—the method adopted by Chapman 
being based on final conversion of the extracted and partly purified 
glycerol into isopropy] iodide and the estimation thereof by “‘ Zeisel.”’ 

The epidemic of arsenical beer poisoning in 1900, due to the 
accidental use of contaminated glucose, and the inquiry to which it 
gave rise, directed attention to the occurrence of thitherto unsus- 
pected arsenical contamination in other brewing ingredients, 
including malt and hops. Chapman was one of the many who, for 
some considerable time thereafter, devoted attention to improving 
the delicacy of the methods for estimating small quantities of 
arsenic, and it is to him that analysts generally owe lasting gratitude 
for having finally overcome the constantly recurring troubles due to 
insensitive zinc in the Marsh—Berzelius process by the discovery— 
the fruit of much patient work by himself and his then assistant, 
Dr. H. D. Law (Analyst, 1906, 31, 3)—that such insensitiveness 
could be easily corrected by coating the granulated zine used in the 
hydrogen evolution flask with cadmium deposited by preliminary 
immersion in acidified solution of cadmium sulphate. 

Another memorable paper in the Analyst (1926, 51, 548) was on 
the “ Presence of Compounds of Arsenic in Marine Crustaceans and 
Shell Fish.” Following on earlier investigations by a Government 
commission in Sweden, and by H. E. Cox in this country, on the 
presence of arsenic in fish generally, and also on an investigation at 
our own Government Laboratory on oysters carried out for the 
Ministry of Agriculture and Fisheries, Chapman investigated a large _ 
range of crustaceans and other “‘ shell fish ’” with startling results. In 
English oysters he found arsenic (calculated as arsenious oxide) to 
run up to 10 parts per million of the wet flesh, whilst in Portuguese 
oysters he found as much as 36 parts per million. In escallops it 
reached 85 p.p.m., in mussels 100 p.p.m., in lobsters from 35 to 
100 p.p.m., in crabs 36 to 70 p.p.m., in prawns 40 to 174 p.p.m., in 
shrimps 17 to 40 p.p.m., and smaller quantities in crawfish, cockles, 
and periwinkles, the quantities being calculated in all cases for one 
million parts of the moist edible portions, the arsenic being obviously 
in some form of organic combination and derived from sea-water. 
Crustacea (crayfish) and molluscs from fresh water were found to be 
practically free from arsenic. 

The volumes of the Journal of the Institute of Brewing over a 
period of nearly 40 years contain a long series of communications 
from him dealing with the composition, properties, and analysis of 
brewing materials, and with the various problems incidental to 
brewing, including changes undergone by hops during storage, and 
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the determination of their preservative effects by biological methods 
in supersession of earlier methods of appraisement. He devoted 
much attention to the fermentative functions of yeast and allied 
organisms under divers conditions, and in 1920 he delivered the Can- 
tor Lectures (Royal Society of Arts) on “ Micro-organisms and some 
of their Industrial Uses.” In these lectures and elsewhere he 
stressed the desirability of the foundation of a National Institute for 
Industrial Micro-biology, which, however, still remains in the 
future; and he was the author (jointly with his then assistant 
Mr. F. G. 8. Baker) of an atlas of the Saccharomycetes (published by 
the Brewing Trade Review, 1905) containing more than 100 beauti- 
fully executed photomicrographs with descriptive notes, possessors 
of which will cherish it as an artistic memorial of the thoroughness 
of any work to which he put his hand. 

Chapman served on the Council of our Society in 1908-10 and in 
1916-19; he was President of the Institute of Chemistry from 
1921-24; and President of the Royal Microscopical Society from 
1924-26. He was a member of the Royal Commission on Awards to 
Inventors, of the Scientific Panel of the Board of Trade under the 
Safeguarding of Industries Act, of the Forest Products Research 
Board of the Department of Scientific and Industrial Research, and 
of the Advisory Committee on Plant and Animal Products of the 
Imperial Institute; and he acted as British delegate at various 
conferences abroad, at which his linguistic skill was an asset. 

His services to science were recognised in this country by his 
election, in 1920, to the Fellowship of the Royal Society, and abroad 
by the honorary membership of the Société de Zymologie of Belgium 
and by an honorary Professorship of the Ecole Supérieur de Brasserie 
of Ghent. 

He was during most of his life constant in his attendance at the 
meetings of the societies in which he was interested, and his contri- 
butions to discussion of the work of others rarely failed to add to the 
value of the communications discussed. He had a large circle of 
personal friends and was constant in his friendships and always 
ready to give wise counsel to those who turned to him in difficulty. 

He married, in 1906, Margaret, the daughter of his old friend, Mr. 
John Astleford of Woodview, Bournemouth, who, in her loss, has 
the sympathy of a wide circle of chemical friends abroad as well as at 
home. 


BERNARD DYER. 
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HOLLAND CROMPTON. 


HOLLAND CROMPTON, who died on December 22nd, 1931, was 
elected a Fellow of the Society on May 20th, 1886. He was the son 
of William Crompton, cotton-spinner, of Preston, and his mother 
was Mary, daughter of David Irvin, timber merchant of Glasgow. 
The greater part of Crompton’s boyhood was spent in Germany ; he 
attended the Realschule at Ziegen, Westphalia, but returned to 
England in 1884. Wishing to study chemistry and chemical 
engineering, he entered the Central Technical College, where he, 
one of its earliest students, studied among other things chemistry 
under Armstrong and electricity under Ayrton and Perry. Even 
at this date signs of the disease which eventually terminated his life 
became apparent. In 1888 he was appointed by ‘the Council of 
Bedford College to take charge of the teaching of chemistry at that 
College, in succession to Dr. 8. U. Pickering. He carried out the 
duties of his post single-handed until 1906, when his first assistant 
was appointed. During this period he designed and equipped a 
small laboratory, which was added to the College buildings, then 
situated in Baker Street. Later he designed the new laboratories 
in Regent’s Park, which until 1930 supplied the needs of the whole of 
the chemistry studied at this college and now house the Department 
of Organic Chemistry. During the war Crompton undertook and 
supervised work on the preparation of 6-eucaine and other materials 
for the Royal Society War Committee. He took this work so seriously 
and the assistance available was so scanty that at times he remained 
at his bench for 36 hours continuously. He was appointed Reader 
of Chemistry in 1915, and in 1919, when the department was sub- 
divided, he became Head of the Department of Organic Chemistry 
and Director of the Chemical Laboratories, offices which he held 
until his health irretrievably failed in 1927. During the whole of the 
40 years Crompton served his College his health was always poor 
and at times so bad that he had to cease work for long periods. 
Crompton was gifted with an intellect much above the average 
and his interests were by no means restricted to chemistry. He was 
very interested in chamber music and was no mean performer on the 
cello: he was skilled with his pen, and many of his pen and ink 
sketches deserve a recognition which has never been publicly 
given to them. He was a voluminous reader and possessed an 
exceedingly good memory ; his knowledge of English literature and 
particularly of the history of chemistry was both wide and profound. 
Crompton was an idealist : he was a member of the Fabian Society, 
probably an original member, but he left the Society when its aims 
diverged from his ideals. He was a man of equable temperament 
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who never showed the slightest signs of hasty judgment. As a 
lecturer he was clear and fluent and he was always ready to take any 
amount of trouble to help his students. He possessed a caustic wit 
and this frequently accomplished what hours of patient explanation 
had failed to do. With Crompton the interests of his students 
always came first, he was respected by all who had dealings with 
him, and it needed only a short acquaintance to turn respect into 
affection. 

Despite his poor health Crompton was always engaged in research. 
In his earlier years he was particularly interested in the problems of 
physical chemistry, but later he changed over to organic chemistry. 
In the field of physical chemistry he published several papers in the 
Journal of the Society on latent heats of fusion and evaporation, the 
specific heats of gases and liquids, association of liquids, molecular 
rotation of optically active salts, heat of neutralisation and melting 
points of mixtures. There was also a long paper (J., 1897, 71, 925) 
on “ The Theory of Osmotic Pressure and the Hypothesis of Electro- 
lytic Dissociation,” in which he considers critically the van *t Hoff 
and the Arrhenius theory in relation to one another. His organic 
work was mainly on the halogeno- and amino-acenaphthenes and the 
halogen-substituted vinyl ethers. Crompton was also keenly 
interested in what, for want of a better name, may be termed 
“* Astro-Chemistry.” This is well shown in two privately printed 
pamphlets, entitled, respectively, “‘ Nebular Zones and the Form- 
ation of Planets ” (1921) and “ Nebulium ” (1925). The pamphlets 
reproduce the material of lectures given as Presidential Addresses 
to the Bedford College Chemical Society and both will repay re- 
reading, the latter particularly so. It consists of a closely reasoned 
survey of the evidence for and against the existence of an element of 
atomic weight 3, nebulium. 

The nature of Crompton’s published work, his encyclopaedic 
knowledge and a familiarity with the working of his mind, gained 
by more than 20 years’ close association, have led the writer to the 
opinion that, had he been in the possession of even ordinary health, 
work of the very first importance would have resulted from his 
labours. He leaves a widow and three children; two sons and 4 
daughter, his eldest son, Mr. Geoffrey Crompton, M.A., being 
Science Master at Winchester. 

By his passing at the comparatively early age of 65, those who 
knew him were deprived of a sage and willing counsellor and a loyal 
and steadfast friend. 


JAMES F, SPENCER, 
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THOMAS GRAY. 


Tuomas Gray, Professor of Technical Chemistry in the Royal 
Technical College, Glasgow, died at Elie in Fife in his sixty-third 
year. For the last three years his health had not been satisfactory. 

Born at Mid-Calder, Midlothian, in 1869, Thomas Gray, son of 
William Gray and Helen Irons Hunter, was educated at George 
Watson’s College, Edinburgh, and in 1885 became a student in 
Anderson’s College, now the Royal Technical College, Glasgow. It 
was largely due to the influence of Mr. (later Sir) George Beilby, then 
manager of the Oakbank Shale Works, that Gray decided to adopt 
chemistry as a profession. He studied chemistry under Professor 
Dittmar, for whom he had a great admiration both as a man and as a 
teacher. After the completion of his course of study, he proceeded in 
1888 to the University of Jena, from which he returned in the following 
year to become assistant to Professor Dittmar and, later, to Professor 
Henderson, who succeeded Dittniar in 1892. In 1890 Gray gradu- 
ated B.Sc. of London University and three years later was appointed 
lecturer in chemistry in evening classes under Professor Henderson 
at the College and also University lecturer in Chemistry in Queen 
Margaret College, a post which he held for ten years. During the 
succeeding years, he spent several periods of study at the Universities 
of Jena and Heidelberg and at the Ziirich Polytechnic under Lunge, 
obtaining the Ph.D. degree of Jena, and in 1901 graduating D.Sc. 
of Glasgow University. 

Dr. Gray had kept in close touch with chemical industries, and 
in 1903, after the retirement of Professor E. J. Mills, was appointed 
to the “‘ Young ”’ Chair of Technical Chemistry in the Royal Tech- 
nical College, a Chair founded in 1870 by James Young (“ Paraffin 
Young ”’) of Kelly and Durris, the first occupant of which was Sir 
W. H. Perkin. Professor Gray at once commenced to develop this 
branch of chemistry in various directions; he installed semi-large 
scale chemical plant, gave instruction in fuels, on which subject he 
was an authority, and instituted courses on gas manufacture and 
gas supply and on dyeing and bleaching and on other subjects, 
including sugar manufacture. In his teaching of technical chemistry 
he always stressed the importance of a sound preliminary training 
in pure chemistry. On the reorganisation of the Chemistry Depart- 
ment in 1919, Professor Gray became Director of the School of 
Chemistry. 

During the war Gray carried out work of national importance. 
He supervised the extraction of benzene and toluene at gas works 
in Scotland for the Department of Explosive Supplies and conducted 
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an extensive survey of the coking and furnace coals of Scotland for 
the Ministry of Munitions; the latter investigation was published 
by the Fuel Research Board in 1930 under the title “‘ A Survey of 
Scottish Coking and Furnace Coals ’”’ (T. Gray, T. H. P. Heriot, and 
W. J. Skilling). 

For many years Sir George Beilby had been impressed with the 
desirability of establishing a national institution for fuel research. 
On the inception of the Fuel Research Board, he was appointed 
Director. Having been closely associated with Gray and his work, 
Beilby in 1918 invited him to assist in the design of the Fuel 
Research Station at East Greenwich. Holding the post of Superin- 
tendent of the Laboratories, Gray supervised the design and erection 
of the station laboratories, collected the nucleus of chemists from 
which the staff could be formed, and initiated the experimental 
work of the station, including the large-scale experimental work on 
the high temperature and the low temperature carbonisation of 
coal. In the autumn of 1920, Gray, owing to the pressure of 
academic duties, relinquished the’ post as Superintendent and was 
appointed consultant to the Board, a position which he held for 
three years; in 1930 he became a member of the Board. He was 
also Chairman of the Committee on Sampling and Analysis of Coal 
appointed by the Board. On the formation of the Scottish Coal 
Survey Committee he became Chemical Adviser; he was also a 
member of the Scottish Coke Research Committee. 

For many years Gray had sought to interest the shale oil com- 
panies in chemical research in connexion with their problems and 
the Scottish Shale Oil Scientific and Industrial Research Association 
was ultimately established in 1921. As Director of Research, Gray 
supervised extensive investigations carried out for some years in 
the Royal Technical College on problems connected with this 
industry, such as a study of retorting conditions and temperature, 
an investigation of the substances causing the characteristic odour 
of certain shale products, and the cracking of shale oils. 

In addition to his other work Gray served on a number of tech- 
nical committees and was on the examination board of a number of 
institutions. For ten years (1896-1906) he was secretary and then 
chairman of the Scottish section of the Society of Chemical Industry ; 
he was a Fellow of the Institute of Chemistry and had served on the 
Council. He had been a life Fellow of our Society since 1892. The 
many and important services rendered by Gray were recognised by 
the conferment of the honorary degree of LL.D. by the University 
of Glasgow in 1924. 

Much of Gray’s work was never published; his interest lay in 
solving, a problem rather than in publishing the results. His 
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publications appeared in the Journals of our Society, the Society 
of Chemical Industry, and the German Chemical Society, Gas 
Lighting and Gas World, in the Transactions of the Institution of 
Mining Engineers, and the Transactions of the Institution of Engineers 
and Shipbuilders in Scotland. His earlier research work in organic 
chemistry was influenced by his association with Knorr, and a 
little later in conjunction with Professor Henderson he carried out 
investigations in the terpene group. Subsequently his publications 
were of a more technical character, dealing chiefly with the com- 
position of air in mines, fire-damp, combustion, fuels, the distillation 
of coal, and the composition of shale oil. In a paper in the Journal 
of Gas Lighting in 1916 he pointed out, as a warning to gas producers, 
the possibility of a glut of synthetic ammonia after the war. His 
last three publications, in conjunction with Dr. J. R. Campbell, 
appeared in the Journal of the Society of Chemical Industry in 1930 
and dealt with the combustion of methane by copper oxide and the 
influence of various catalysts on the combustion and also the com- 
bustion of various gases by copper oxide and other oxidising agents. 
The three last-named investigations, carried out with careful control 
of temperature and rate of gas flow, are of valuable practical 
importance. 

Trained in the painstaking analytical school of Dittmar, Gray 
was an extremely neat and accurate worker and viewed with disgust 
anything slipshod in method, apparatus, or acceptance of results. 
An expert in the art of glass-blowing, he showed great ingenuity in 
designing apparatus, generally from the simplest materials, for the 
particular purpose he had in view; as examples might be mentioned 
an automatic gas-sampling apparatus (J. Soc. Chem. Ind., 1913, 32, 
1092), an apparatus for delivering gas at constant pressure (iid., 
1928, 47, 1877) and, in conjunction with Dr. J. G. King, the “‘ Gray- 
King” apparatus, as used at the Fuel Research Station for the 
laboratory assay of coal. An excellent teacher and a very clear 
lecturer, he was much esteemed by staff and students; it was 
characteristic of him that he never spared himself in anything he 
undertook. 

Professor Gray married Violet Irene, daughter of Mr. R. A. 
Warren, of Liverpool, and is survived by her and two daughters. 
Both he and Mrs. Gray took their full share in the social and other 
activities of the College. One of his brothers was the late James 
Hunter Gray, K.C., the well-known authority on patent law. 

Owing to his scientific knowledge, the possession of a very acute 
and logical mind, and an equable temperament, Professor Gray was 
much in request as an expert in legal cases. As an intimate friend 
of his has put it, “He was cool in judgment, honest as the day, 
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charitable in his views, very practical in his scientific outlook, 
and hated shams of any kind.” 

In his younger days Gray was a keen walker and swimmer, but 
throughout his life his chief recreation was golf; he was a well- 
known figure at matches between staff and students and on the links 
of his beloved Elie, a pretty seaside resort where he had spent his 
vacations for many years. For some time he was captain of the 
Elie Golf Club, and as usual he took his duties seriously and effected 
many improvements. Until the last few years he enjoyed excellent 
health, his long illness was patiently borne, and he remained cheer- 


ful and maintained his interests until the end. 
F. J. Wiison. 


JOHN ALBERT HALL. 


Joun ALBERT Hat died at Esquimalt in British Columbia on 
May 18th, 1932, at the age of 63, after a long and painful illness. 
Although resident for many years in British Columbia, he lived in 
this country during the war and was well known as an enthusiastic 
worker and genial companion. His death will be much regretted 
by all his co-workers. 

Hall was born in Manchester on August 24th, 1868, and studied 
at Owens College. He graduated with distinction in 1888, and 
then took up a post with the Clayton Aniline Co., where he remained 
until 1893. During this time he received the degree of M.Sc. 

In 1893, he and two other venturesome spirits decided to start a 
chemical factory in British Columbia, where acids were required 
for other industries. This appears to have been very successful, 
and after a few years, Hall and one of his companions started the 
* Victoria Chemical Company,”’ which also had a successful career 
and was ultimately absorbed into ‘‘ Canadian Explosives.” Hall 
continued his connexion with this for some years in the capacity 
of chief research chemist and then retired to his private laboratory 
on the outskirts of Victoria. 

In 1900 Col. Hall entered upon his military activities as a junior 
officer in the Fifth Regiment and quickly rose to the top. In 1905 
he was gazetted commanding officer of the regiment, and held this 
command until, in 1908, he retired to organise the 88th Fusiliers. 
In 1913 he was placed in command of the Civil Aid Forces raised to 
quell the rioting among colliery workers in the coal-mining areas of 
Vancouver Island, and made his headquarters at Nanaimo. 

At the outbreak of war in 1914, Col. Hall became very active m 
organising recruits, and early in 1915 went overseas in command 
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of the 30th Battalion, with which was incorporated the 88th Fusiliers. 
After a short period in France he was recalled by the War Office for 
special duty in connection with the manufacture of munitions. 

In 1919 he received the honorary degree of D.Sc. of the Victoria 
University of Manchester. He retired to British Columbia after 
the war and worked in his private laboratory, but several times 
“threatened,” in his impulsive and outspoken way, to come back 
to England and help to “ clear up the mess.” 

Hall’s earliest researches on salts of phosphoric, arsenic, and 
vanadic acids and on esters of vanadic acid were published in the 
Transactions for 1887. During his period of occupation at the 
Clayton Aniline Co. his name appears in patents for improvements 
in dye manufacture and his subsequent work was mainly industrial, 
dealing with such subjects as absorption towers for nitric acid. On 
his retirement he reverted to pure research, but little if any of this 
was published. He was a Fellow of the Chemical Society from 
1889 until the date of his death. 

R. C. FARMER. 


JAMES WALLACE WALKER. 


JamMES WALLACE WALKER, a native of Blebo Craigs, matriculated 
in the University of St. Andrews in 1883. The curriculum for the 
M.A. degree in those days was rigid, some knowledge of Latin, 
Greek, Mathematics, Natural Philosophy, Logic, Moral Philosophy, 
and English being compulsory, and there were no soft options. 
Not every one of those subjects was congenial to Walker, and this 
doubtless explains why for no less than six years he wore the scarlet 
gown of the undergraduate. This was far from being a disadvantage, 
for it laid within him a sound foundation for a lasting appreciation 
of much that is beautiful in literature and philosophy, and at the 
same time developed the intellectual independence which enabled 
him to deviate from the beaten track. Thus, perhaps more by 
accident than by design, he took Purdie’s lectures in Chemistry, 
and in due course became lecture assistant, was initiated into re- 
search, and eventually left for Germany with an “1851.” Since 
both Purdie in St. Andrews and Percy Frankland in Dundee had 
been pupils of Wislicenus, the choice of the laboratory of this master 
of organic synthesis can readily be understood. But of the two 
stars who adorned the Leipzig school of Chemistry in 1892 it was 
Ostwald rather than Wislicenus who made the greater appeal to 
him. With the advent of the ionic theory a new era had already 
dawned for Physical Chemistry, and the inspiration of Ostwald is 
clearly reflected in the whole trend of Walker’s subsequent work. 
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He returned to St. Andrews to act as private assistant to Purdie 
for over a year before he took his Doctorate in Leipzig in 1896. 
The next two years were spent on the teaching staff of University 
College, London. The story of those thrilling times has been 
graphically told by Travers in his book, “ The Discovery of the 
Rare Gases,” where reference is made to the small part incidentally 
played by Walker in the detection of krypton and neon. In 1898 
came the appointment to the MacDonald Professorship of 
Chemistry in the University of McGill, Montreal, and Canada was 
indeed fortunate in securing the services of a man who brought 
with him from overseas something of the spirit of research of the 
Old World. 

In McGill the administration of a large department was in itself 
no easy task, and Walker’s energies were largely devoted to teaching, 
where he never ceased to emphasise the importance for the under- 
graduate of an adequate training in Physical Chemistry. At the 
same time he did not permit himself to be submerged in routine, 
and the series of papers which emanated from his laboratory 
provides evidence of a well-sustained interest in research. Then 
came the tragedy when, some 15 years ago, he felt himself obliged 
to retire from duty owing to defective eyesight, his chemical career 
thus terminating abruptly just at a time when so much more might 
have been expected from him. In his affliction the call back to 
Scotland was strong, and he spent his last years at Bridge of Allan, 
where he passed away suddenly on the 8th of June, 1932. He is 
survived by Mrs. Walker, a daughter of the late Rev. J. B. Irvine, 
of Strathkinness Free Church. 

Walker was fortunate in being associated with Purdie in the 
pioneering work of the latter in Stereochemistry. The resolution 
of lactic acid by means of strychnine was first described, and the 
two authors succeeded in isolating the acid identical with sarcolactic 
acid, and also the enantiomorphous levo-form, identical with that 
found by Schardinger from the bacterial decomposition of sucrose. 
Walker also took a share in elaborating the resolution of lactic acid 
by the addition of a nucleus of (+) or (—) zine ammonium lactate 
to a supersaturated solution of the inactive double salt, a method 
which is rarely applicable for the preparation of optically active 
compounds but still remains the most practical for the preparation 
of the active lactic acids in quantity. The influence of dilution on 
the rotations of solutions of metallic lactates was also studied. In 
the same period the resolution of ethoxysuccinic acid by Penicilliwm 
glaucum and by cinchonidine was carried out with the objective of 
testing Guye’s theory where the influence on optical activity of the 
radicals attached to an asymmetric carbon atom was supposed 
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to depend chiefly on their respective masses. It was, however, 
found impossible to reconcile Guye’s theory with the high rotatory 
powers of the alkoxysuccinic acids. Walker’s subsequent inde- 
pendent work in St. Andrews on the esters of optically active lactic, 
chloropropionic, and bromopropionic acids with reference to Guye’s 
theory led him into paths more tangled than was realised at the time. 
For one reason, the active ethyl lactates, prepared from the optically 
pure (+) and (—) lactic acids by the silver salt method, were not 
optically pure, as Walker naturaliy thought they were; the rota- 
tions were too high, the esters being contaminated with small 
amounts of the highly active alkoxypropionates. Moreover, 
Walker failed to realise that the action of phosphorus pentachloride 
or pentabromide on active lactic esters is accompanied by consider- 
able displacement racemisation. The work, however, was useful 
inasmuch as it proved that a change of sign of rotation took place 
when the hydroxy-group in the lactates was displaced by halogen, 
an observation which was utilised later by Purdie and Williamson 
for the interconversion of the optically active lactic acids by the 
Walden inversion. 

It would be out of place here to trace the various stages which 
led Purdie to discover the silver oxide method of methylation. 
Meanwhile let it suffice to recall the fact that Walker’s experiments 
on lactic esters laid the foundation for the discovery of a reaction 
which has been of immense value in the modern developments of 
carbohydrate chemistry. 7 

A study made by Ostwald of the interaction of bromic and hydr- 
iodic acids suggested to Walker the investigation of the reduction 
of bromic acid by hydrobromic acid. Velocity measurements 
indicated that the action could be split up into three phases : 


HBr + HBrO, = HBrO + HBrO, 
HBr + HBrO = H,O + Br, 
3HBr + HBrO, = 2H,O + 2Br,, 


the velocity being directly proportional to the concentrations of 
the bromate and bromide ions, and proportional to the square of 
the concentration of the hydrogen ions. 

Walker’s contributions to the stereochemistry of amygdalin are 
important in connexion with racemisation phenomena. He showed 
that amygdalin undergoes catalytic racemisation in aqueous solu- 
tion in the presence of a small amount of baryta, the racemisation 
occurring at the (+) mandelonitrile complex of the glucoside. 
Moreover, the swing round of this (+) complex may even go so far 
as to give a preponderance of a glucoside with a (—) mandelo- 
nitrile complex. According to the conditions under which the 
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racemisation was effected, it was thus possible to obtain a levorot- 
atory, @ racemic, or a dextrorotatory mandelic acid by hydrolysing 
the product and splitting off the gentiobiose residue. The course 
of the decomposition of amygdalin was also shown to be different 
according as concentrated or weak hydrochloric acid was employed 
as the hydrolyst. With the concentrated acid the first point of 
attack is the nitrile group, which is hydrolysed to carboxyl, the 
elimination of glucose taking place subsequently, whilst with dilute 
hydrochloric acid the gentiobiose section is first attacked (Caldwell) 
with the formation of Fischer’s glucoside of (-+-) mandelonitrile. 
Walker’s experiments were suggestive to other authors such as 
Tutin, Dakin, Krieble, whilst recently Isobel Smith has isolated the 
crystalline optically pure (+) mandelonitrile, and studied the asym- 
metric catalytic racemisation of amygdalin effected by a trace of 
sodium methoxide. 

In a paper on ionisation and chemical combination, Walker 
showed that, by the addition of aluminium chloride, representatives 
of alkyl halides and aromatic hydrocarbons which so far had been 
regarded as media incapable of sharing directly in the production 
of ions became good conductors. The conductivity was traced to 
the formation of compounds, the comparative stability of which in 
the Friedel-Crafts reaction being evidenced by the fact that very 
little acid was evolved until the concentration of the aluminium 
chloride passed a certain value. A subsequent research with 
McIntosh and Archibald on ionisation and chemical combination 
in the liquefied hydrogen halides and hydrogen sulphide lent support 
to the view, expressed in the previous paper, that ionisation is 
subsequent to chemical combination with the solvent and that, at 
least in some instances, the latter phenomenon is to be ascribed to 
potential valency. The conclusion, made so far back as 1904, that 
combination with the solvent is the necessary precursor of ionisation, 
although such combination does not necessitate ionisation, is inter- 
esting. 

Other investigations dealt with compounds of aluminium chloride 
with organic substances containing oxygen, most of those compounds 
containing one molecular proportion of aluminium chloride. The 
iodides of copper, the interaction of alcohols and phosphorus halides, 
and the electrical conductivities of some salt solutions in acetamide 
were also studied. 

Wallace Walker was held in great affection by many, and especially 
by those younger men who were privileged to gain his confidence 
and were influenced by his idealistic outlook. The memory of this 


gentle friend will ever be fondly cherished by the writer. 
; | ALEX. McKEnzig. 
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CHARLES EDWARD WHITELEY. 


CHARLES EpwaRD WHITELEY was born in Leeds on January 29th, 
1880. As a pupil at the Leeds Central Higher Grade School he 
showed a partiality for the physical sciences, and the further study 
of chemistry was his primary object when in 1896 he was admitted 
to the Yorkshire College. His undergraduate record was except- 
ionally brilliant and after proceeding to the B.Sc. degree, in which 
he was awarded First Class Honours, he was invited to collaborate 
with Professor J. B. Cohen in a series of experiments on the pro- 
duction of optically active from inactive substances. These experi- 
ments (J., 1901, 79, 1305), although they did not lead to the desired 
result, represent in all probability the first systematic attack on the 
problem of asymmetric synthesis. In this work Whiteley’s capacity 
as an experimental chemist was established on a firm basis and his 
nomination to an 1851 Exhibition Scholarship was definitely assured, 
but for personal reasons he declined this distinction. 

In 1902 he was appointed to a Demonstratorship in Chemistry at 
the Yorkshire College and for several years rendered admirable 
service to the Department. During this period he was associated 
with Professor Arthur Smithells in the investigation of the equili- 
brium of the gases in the divided flames produced by the combustion 
of ethylene in air and showed not only remarkable ingenuity in the 
design and elaboration of the apparatus but meticulous care in the 
conduct of the work. 

His connection with the University ended in 1907 when he was 
appointed chief chemist to Messrs. G. Bray & Co. Ltd., who as 
gas-lighting engineers were at the time mainly concerned with the 
manufacture of gas burners. In later years the firm’s activities 
were extended to the production of incandescent mantles and still 
more recently to the manufacture of refractory materials and units 
for the electrical heating industry. For twenty-five years, the 
chemical, physical, and engineering problems involved in these 
developments provided Whiteley with ample scope for the appli- 
cation of his sound scientific knowledge and fertile resource and 
these were devoted unsparingly to the service of his employers. 

His professional work left him little time for diversion, but he 
developed a keen interest in the phonetic problems presented by 
various modern languages, and by way of physical exercise and 
refreshment he not infrequently tramped the Yorkshire moors, 
which were a great joy to him. 

When 35-40 years old, Whiteley’s activities were severely re- 
stricted by ill-health, and although he appeared to make a complete 
recovery, it seems probable that the spinal trouble, from which he 
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suffered in early childhood, had a marked influence on his outlook 
on life in later years. Social engagements had no attraction for him, 
and formalities of all kinds were distasteful to his nature. No one 
could fail to realise that he was inspired by great qualities of heart 
and lofty eagerness, and those who saw him at work knew full well 
how strong and pervading was the influence of his personality. He 
desired to see men and things as they really are, and to have the 
affairs of everyday life conducted in accordance with his own 
idealistic views, which at times were somewhat disconcerting to 
those who most completely appreciated his sterling qualities. 
Whiteley was unmarried and his death took place on September 
26th, 1932, at Weeton, near Leeds. H. M. Dawson. 


WINIFRED MARY WRIGHT. 


Tue death at an early age of Winifred Mary Wright removes from 
our midst one whose work by determination, both in respect to 
accuracy of manipulation and clear thinking, gave all promise of 
forming a valuable contribution to our science. 

Freda Wright came up to Girton College, Cambridge, in 1920, 
from a school where the facilities for teaching science were not very 
good, with no more than a keen interest in science. She took Part I 
of the Tripos in 1922 and Part II in 1924. The double third was a 
great disappointment to her and precluded her following her main 
interest, research in biochemistry, but her keenness to do research 
work found her a place in the Department of Physical Chemistry, 
Cambridge. With her biochemical leanings she had been much 
interested in Warburg’s work on oxidative reactions taking place at 
the surface of moist charcoal and the alleged inactivity of such in the 
absence of traces of iron. Methods of preparation of charcoals of 
different catalytic activities were worked out and the relative active 
areas as well as the specific activities of the various active areas, 
both those containing iron and nitrogen and those free from these 
substances, were investigated by methods of selective poisoning, 
the results of which were communicated in a series of papers in the 
Journal. The successful development of her work obtained for her 
an Alfred Yarrow Studentship, which was renewed for two years in 
succession. 

Miss Wright then worked for a year under the direction of Pro- 
fessor Freundlich in Berlin, where she investigated the influence of 
silver salts on the catalytic decomposition of hydrogen peroxide in 
glass vessels, work which was described in the Zeitschrift fiir Elektro- 
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chemie and extended more elaborately in the T'ransactions of the 
Faraday Society. On her return from Berlin she reverted to her 
interest in oxidative reactions at charcoal surfaces, investigating 
the relationship between the electrokinetic potentials and the rates 
of oxidation of various organic acids. She was awarded the Ph.D. 
degree in 1928, worked successfully for a year as assistant to Dr. 
C. G. L. Wolf in the Biochemical Laboratory of Addenbrooke’s 
Hospital at Cambridge, presenting two papers on the serological 
diagnosis of cancer, and eventually obtained a post in the Depart- 
ment of Pharmacology at University College, London, where she 
commenced investigations on the evaluation of anesthetic values, 
which formed the subject matter of several scientific communica- 
tions. At this period she began to feel the lack of a truly biological 
background and decided to come up to Cambridge for the Long 
Vacation to work at anatomy in preparation for her second M.B. 
A few days before the Long she had a breakdown and was ordered 
complete rest. 

Serious overwork terminated the life of one who, although working 
all day, found time in the evening to take classes of small children 
and participate in the activities of the International Students’ 
Union, was always cheerful, and was a loyal unselfish friend. 

Eric K. RipEat. 
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tetrachloro-, 80. 
Anthraquinonedisulphonic acids, 2- 
amino-, mono- and di-chloro-, and 
their potassium salts and derivatives, 
78. 

Anthraquinonesulphonic acids, 1-amino- 
4-hydroxy- and 1-hydroxylamino-, 
sodium salts, 85. 

mono- and di-chloro-, and _ their 
potassium salts and derivatives, 77. 
nitro-, salts, reduction of, 83. 
Anthrone, |:4-dichloro-10-bromo-, 1457. 
Anthrones, influence of B,-substituents 
on reactions of, 1452. 
Anthrones, a-chloro-, orientation of, 
506. 
Antimonials, organic, 1815. 
Antimony (rihydride, ultra-violet ab- 
sorption spectrum of, 2847. 
pacman: and its derivatives, 


Aromatic compounds, kationoid re- 
activity of, 1254. 
containing two or more phenyl 
groups, substitution in, 1888, 2245, 
2636. 
p-Arsanilic acid. See Phenylarsinic 
acid, p-amino-. 
Arsenic trihydride, ultra-violet absorp- 
tion spectrum of, 2847. 
Arsenic organic compounds containing 
quinoline, 2104, 2196. 
Arsenicals containing pyridine, 1497. 
Arsine. See Arsenic trihydride. 
Arsines, tertiary, properties of, 2284. 
Arsinimines, constitution of, 958. 
p-Arsinoglutaranilic acid, and its ethyl 
ester, and dichloro-, 279. 
p-Arsonoanilinomalonamide, 2781. 
p-Arsonoanilinomalonbisamylamides, 
2782. 
ot ~ egy anenermacn nner: 
. error 
Pensa, 


of per eecrre ecw eeremee 
781. 


p-Arsonoanilinomalonic acid, ethyl 
ester, 2782. 

p-Arsonoglutaranilic acid, and its esters, 
and their sodium salts, 277. 

Arylarsenoxides, velocity of oxidation 
of, 2866. 

Arylthioarsinites, hydrolysis of, 1365. 

Aspartic acid, conversion of, into bromo- 
or chloro-succinic acid, 2931. 

Atoms, quantum, theory of structure of, 
349. 





Atomic weight of fluorine, 2180. 

Atomic weights, physical methods of 
determining, 2888. 

Azobenzene, 4-amino-, and 4’-nitro-4- 
amino-, phthalazine derivatives of, 
1118. 

Azo-compounds, sulphites of, 1271. 

1-Azoxyanthraquinonesulphonic acids, 
sodium salts, 84. 


Baeyer—Drewson reaction, 985. 
Balance’ sheets. See Annual General 
Meeting, 1296. 
Balata, oxidation of, with hydrogen per- 
oxide, 386. 
Barbaloin pentamethyl ether, 2580. 
trimethyl] ether, tribromo-, 2582. 
Barbatic acid, and its esters, 1675, 1679. 
Benzal chloride, action of metallic 
oxides on, 2808. 
Benzaldehyde, action of, on ephedrine, 
1580. 
with quinoline, 2666. 
phosphate, 2921. 

Benzaldehyde, m-bromo-, semicarb- 

azone, 703. 
m-chloro-, peroxide, 40. 
Benzaldehydes, o-hydroxy-, sodium 
salts, chelation in, 952. 
nitrohydroxy-, Hantzsch’s pyridine 
condensation with, 1112. 
Benzaldehyde-o-sulphonyl fluoride, and 
its 2:4-dinitrophenylhydrazone, 2046. 
Benzanilide, p-bromo-, o-chloro-, and 
p-nitro-, imidochlorides, 651. 
Benzanilides, condensation of, with 
p-dialkylanilines by means of phos- 
phory] chloride, 642. 

Benz-p-arsenious hydroxyiodide, 966. 

Benz-p-arsinic acid, 966. 

Benzene, and its polar derivatives, 
partial vapour pressure and refrac- 
tivity of binary mixtures of, 2658. 

dielectric polarisation of hydrochloric 
acid in, 43. 

solubility of picric acid in mixtures of 
alcohols and, 881. 

compounds of, with picryl chloride 
and s-trinitrobenzene, 1530. 

Benzene, p-di-isocyano-, 1418. 

fluoro-, fluorobromo-, and fluoro- 
chloro-, parachors of, 762. 

1:2:3:4-tetrahydroxy-, derivatives of, 
2876. 

nitro-derivatives, compound form- 
ation by, 171. 


 nitro-, physical properties of, near 


melting point, 91. 
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Benzene, nitro-, equilibrium of, with 
sulphuric acid and water, 1540. 
s-trinitro-, compound of, with benzene, 
1530. 
nitroso-, attempted preparation of 
thio-oxide of, 2503. 
3-Benzeneazobenzene-1:3-dihydro- 
phthalazine-4-acetic acid, 1-hydroxy-, 
and 1-hydroxy-3-4’-nitro-, and their 
derivatives, 1122. 
zene-1:3-dihydro- 
phthalazine-1-sulphonic-4-acetic acid, 
and 3-4’-nitro-, salts of, 1121. 
Benzeneazo-8-sulpho-§8-naphthol, 
p-amino-, sodium sulphite, 1269. 
Benzenesulpho-p-methyltoluidide, 
o-nitro-, 2775. 

Benzenesulphonic acid, 2 - chloro - 5- 
amino-, and 2-chloro-5-nitro-, 
phenyl esters, and 2-iodo-5-nitro-, 
and its derivatives, 2024. 

m-nitro-, 5- and 8-nitro-2-naphthyl 
esters, 2732. 
Benzenesulphonyl fluorides, 
and o-nitro-, 2046. 
OnE eeenenstncninnguinriian, 


aa _" 





o-cyano-, 


8-Benzenesulphonylbenzylamino-1- 
methylquinolinium iodide, 2216. 
8-Benzenesulphonylbenzylaminoquinol- 
ine, 2216. 
8-Benzenesulphonylethylaminoethyl- 
quinolinium salts, 2214. 
8-Benzenesulphonylethylamino-1- 
methylquinolinium salts, 2213. 
8-Benzenesulphonylethylaminoquinol- 
ine, 2213. 
N-Benzenesulphonyl-N-methylcytis- 
amic acids, 2780. 
8-Benzenesulphonyl-n-propylamino-1- 
methylquinolinium salts, 2215. 
8-Benzenesulphonyl-n-propylamino- 
quinoline, 2215. 


Benzenesulpho - p - toluidide, o-nitro-, 
2775. 

Benzenethiolsulphonic acid, methyl 
ester, 1822. 


Benzidine conversion, analogy between, 
and dissociation of nitrogen oxides, 
711. 

Benzidine-2:2’-disulphonic acid, phenyl 
ester, optical resolution of, 2021. 

Benzilic acid, 2:2’-diamino- and 2:2’-di- 
nitro-, 2360. 


Benzofrichloride, action of metallic 
oxides on, 2808. 
Benzo-3:5-dichloroanilide, and its 


iminochloride, 1773. 
Benzoic acid, esters, orienting power of 
radicals in, 1184. 
ay ester, salt-forming properties 
o 


carbonyl group in, 1226. 
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Benzoic acid, methyl ester, compound 
of, with boron trifluoride, 1497. 
phenyl ester, saponification of, in 
aqueous ethyl alcohol, 2643. 
Benzoic acid, 2:2’-dithio-, and _ its 
amide, condensation reactions with, 
2886. 

Benzoic acids, o-halogeno-, 
ment of halogen in, 2728. 
Benzoins, mixed, interconversion of, 

2547. 
Benzonitrile, compounds of, with poly- 
iodides, 2640. 
Benzo-2:4:6-trinitroanilide, 2364. 
Benzoquinone-4-oxime, 2-chloro-, and 
its silver salt and derivatives, 868. 
3-Benzoyl-9-acetylcarbazole, 2190. 
2-Benzoylbenzoic acid, 4’:4:5-trichloro-, 
81 


replace- 


3-Benzoylearbazole, and its phenyl- 
hydrazine, 2188. 
9-Benzoylearbazole, o-amino-, and o- 
nitro-, 2188. 
Benzoylcreatinine, and its potassium 
salt, 2054. 
1-Benzoyldimethylnaphthalenes, 469. 
6-Benzoyldiphenylamine, 2-amino-, 2191. 
1-Benzoyl-2:3-diphenylindole, and 4(or 
6)-nitro-, 2875. 
7-Benzoyl-1-phenylbenzotriazole, 2192. 
6-Benzoyltetrahydrocarbazole, 2190. 
Benzpiperoin, 38. 
Benzyl bromide, m-iodo-, 702. 
chlorides, substituted, hydrolysis of, 
102. 
halides, interaction of, with primary 
and tertiary bases, 2631. 
hyponitrite, 2595. 
radicals, substituted, relative migra- 
tion velocities of, 55. 
Benzylamine, m-iodo-, and its deriv- 
atives, 702. 
10-Benzylanthrone, 4- and 5-chloro-l- 
cyano-, 508. 
Benzylbrucidinium chloride, 776. 
Benzylneobrucidinium salts, 777. 
Benzylbrucine, 778. 
Benzylbrucinium chloride, 778. 
3-Benzyl-2:3-dihydro-1:4-a-naphthapyr- 
one, 2-hydroxy-, 922. 
3-Benzyl-2-(3’:4’-dimethoxystyryl)-1:4-a- 
naphthapyrone, 930. 
a Corrrenemeenrec: salts, 
Benzyldimethylamines, bromo-, chloro-, 
iodo-, and nitro-, picrates, 62. 
4-Benzyl-1:1-dimethylcyclohexane-3:5- 
dione, 1083. 
— ethyl ketone, derivatives of, 
2611. 
Benzylideneacetylcreatinine, 
potassium salt, 2052. 


and its 
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Benzylideneacetylmethylcreatinine, 2053. 
w-Benzylideneamino-m-tolyltrimethyl- 
ammonium iodide, 704. 
Benzylidenebenzylamine, m-bromo-, m- 
chloro-, and m-iodo-, 703. 
Benzylidene-m-bromobenzylamine, 7(4. 
a-Benzylidene-10-carboxy-2-phenan- 
thrylacetic acid, a-o-hydroxy-, 1483. 
Benzylidene-m-chlorobenzylamine, 703. 
Benzylidene-m-dimethylaminobenzyl- 
amine, 704. 
10-Benzylidenedimethylanthrones, 1458. 
Benzylidene-m-iodobenzylamine, 7(4. 
1 RRR emerge scene 
Benzylidene-m-methylbenzylamine, 703. 
Benzylidenequinaldine, and its deriv- 
atives, 2666. 
Benzylidenencostrychnine, 773. 
w=-Benzylimino-m-tolyltrimethylam- 
monium iodide, 704. 
3-Benzyl-2-methoxystyryl-1:4-a- 
naphthapyrones, 930. 
Benzylmethylaniline picrate, 1938. 


a-Benzyl-y-methylglutaconic acid, 
ethyl ester, 2442. 
Benzylmethylglutaconic acids, inter- 


conversion of, 2439. 

Benzylmethylglyoxime, isomeric nickel 
derivatives of, 246. 

Benzyl methyl ketone p-nitropheny!l- 
hydrazone, 2921. 

oo Nie ey amet terrae nh 
923. 

trans-a-Benzyl-8-methyl-4-propene-ay- 
dicarboxylic acid, and its ethyl ester, 
2438. 

trans-a-Benzyl-y-methyl-44-propene-ay- 
dicarboxylic acid, and its ethyl ester, 
2443. 

ay Wemeuatenemennrrmre: \ar7riy 
4i. 


3-Benzyl-a-naphthaflavone, 923. 
3-Benzyl-1:4-a-naphthapyrone, 921. 
C r wae nitroguaiacol, p-nitro-, 
238. 
O-Benzyl-6-nitrovanillic acids, 
1238. 
O-Benzyl-6-nitrovanillin, o- and p-nitro-, 
and their derivatives, 1237. 
Benzyloxyergostatriene, 270. 
8-Benzyloxy-l-naphthoic acid, 2732. 
cis-a=Benzyl-4o-propene-ay~-dicarboxylic 
acid, 2441. 
trans-a-Benzyl-4-propene-ay-dicarb- 
oxylic acid, and its ethyl ester, 2440. 
Benzylstrychnidinium hydroxide, 490. 
Benzylneostrychnidinium salts, 491. 
3-Benzyl-2-styryl-1:4-a-naphthapyrone, 
and its dibromide, 923, 930. 
O-Benzylvanillin, o- and p-nitro-, 1236. 
Betanin, 1439. 


nitro-, 
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pp’-Bischlorosulphonylbenzoic 
dride, 2044. 

wtw’-Bisdimethylamino-w:w’-xylylene- 
bisacetophenone, 4:4’-dibromo-, 67. 


anhy- 


Bisethylenediaminopalladium chloro- 
palladite, 1904. 
Bisethylenediaminopalladous chloro- 


palladate, 1909. 
Bishydroxymethyltetrahydro-y-pyrone, 
and its derivatives, 2670. 
Bis-2-0-nitrophenylamino-1-naphthyl 
sulphoxide, 2777. 
Borneol, effect of solvents on rotation of, 
543. 
Bornyl dixanthide, optical rotation of, 
1016. 


hydrolysisand decomposition of, 912. 

Bornylene, effect of solvents on rotation 
of, 543. 

nitrosite, rotatory dispersion and 
circular dichroism of, 415. 
Boron /rifluoride, additive compounds 
of, 1492, 1497. 

Bromine, thermal combination of, with 
ethylene at glass surfaces, 1747, 
1758. 

reaction of, with ethylene in carbon 
tetrachloride, 2911. 
Bromine chloride hydrate, 1176. 
hydrate, 582. 

neoBrucidine, 775. 

Brucine, 486, 767, 775, 780, 1239, 2305. 

neoBrucine, 775, 779. 

Buffer mixtures, tartrate, 2612. 

Butadiene-c-carboxylic acids, catalytic 

hydrogenation of, 430. . 

Butane-1:4-diol, 2-chloro-2-nitro-, and 

2-nitro-, and their derivatives, 752. 
cycloButane-1:2:3:4-tetracarboxylic acid, 
methyl ester, 1429. 
Butan-2-one, 1:4-dihydroxy-, phenyl- 
osazone, 753. 

Butenonitriles, 454. 

8-n-Butoxy-1-naphthoic acid, 2732. 

n-Butyl hyponitrite, 2595. 

mercaptan, dipole moment of, 2812. 
sulphide, dipole moment of, 2819. 
n-Butylamine, y-hydroxy-, and its salts, 
307. 
2-n-Butylpiperidine, 2964. 
l-n-Butylvinylearbinol, reduction of, to 
ethyl-n-butylearbinol, 722. 
n-Butyric acid, specific heat of aqueous 
solutions of, 2413. 
y-Butyryl-£f-dimethylbutyric acids, and 
their derivatives, 1082, 1083. 
y-isoButyryl-8-methyl-f-ethylbutyric 
acid, and its semicarbazone, 1086. 
1-isoButyrylmethylcyclohexane-1-acetic 
acid, and its derivatives, 1088. 
1-isoButyrylmethylcyclopentane-1-acetic 
acid, and its derivatives, 1087. 
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Cadmium bases (cadmiumammines), 
electrolysis of, 2849. ’ 
Cadmium halides, electrolytic dissoci- 

ation of, 514. 
Cesium polybromides, 2709. 
Camphor, rotation of, in strong 
mineral acids, 2923. 
and its oxime, and  oximino-, 
rotation—dispersion of, 1715. 
derivatives, rotation-dispersion of, 
1725. 

Camphor-f-sulphonic acid, rotatory dis- 
persion and circular dichroism of, 
2654. 

Camphor-10-sulphonic acid, a-bromo- 
and a-chloro-, esters, 1741. 

Cannabinol, constitution of, and di- 
nitro-, and their derivatives, 1342. 

Cannabis indica, resin from, 1342. 

Caoutchouc, oxidation of, with hydro- 
gen peroxide, 386. 

Capillarity in aqueous 
419. 

Carbamido-m-chlorobenzylamine, 701. 

y-Carbethoxybutyryl chloride, 277. 

3-Carbethoxy-1-carbamy]-4-cyanopyr- 
azolone, 1092. 

Carbethoxyglyoxal ¢richlorophenyl- 
hydrazone and -osazone, 1026. 

2-Carbethoxy-4'-cyclohexenyleyano- 
acetic acid, ethyl ester, 2432. 

a-2-Carbethoxy-4!-cyclohexenylpro- 
pionic acid, nitrile of, and a-cyano-, 
ethyl ester, and its diphenylhydr- 
azone, 2432. 
a-Carbethoxy-y-methylglutaric acid, 
ethyl ester, 1038. 
2-Carbethoxy-4'-cyclopentenyleyano- 
acetic acid, ethyl ester, 2429. 
2-Carbethoxy-4!-cyclopentenylpropionic 
acid, and its derivatives, and a-cyano-, 
ethyl] ester, 2431. 
a-Carbethoxy-8-phenylglutaconic acid, 
ethyl ester, sodium derivative, 2450. 
2-Carbethoxypiperidinoacetic acid, ethy! 
ester, 2973. 
a-2-Carbethoxypiperidinopropionic acid, 
ethyl ester, 2973. 

B-2-Carbethoxypiperidinopropionic acid, 
ethyl ester, 2971. 

Carbohydrates, rotatory dispersion of, 
2108. 

y-Carbomethoxybutyryl chloride, 277. 

Carbon tetrachloride, dielectric polaris- 

ation of hydrochloric acid in, 43. 
monoxide, flame speeds in inflam- 
mation of mixtures of oxygen and, 
1835. 
catalytic action of hydrogen on 
flames of, 129. 


solutions, 
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Carbon dioxide, thermionic emission 
during catalytic combination of 
oxygen and, on platinum, 1544. 

oxides, equilibria of, in contact with 
steel, 1641. 
disulphide, equilibrium of, with 
ethylene dichloride, 2915. 
Carbonyl compounds, prototropy in, 
1207. 
hydroxy-, 1180, 1681. 
selenide, 652. 
sulphide, physical properties of, 
660. 
hydrolysis of, 102. 
Carbostyril-3-carboxylic acid, 6:8-di- 
nitro-, and its derivatives, 782. 
o-Carboxybenzaldehyde 5-nitro-o-tolyl- 
hydrazone, 482. 
dl-8-Carboxy-1:1-dimethylcyclopropane- 
2-propionic acids, 1427. 

2-Carboxydinaphthyl ketones, 1476. 

it dpa ec Ranson Sieh ame 
8. ; 


p-Carboxydiphenylmethylarsine, 967. 

Carboxyglyoxal trichlorophenylosazone, 
1026. 

2-Carboxyhexahydrohydrindene-2- 
acetic acids, a-bromo- and a-hydroxy-, 
and their derivatives, 1223. 

1-Carboxycyclohexane-l-acetic acid, a- 
bromo-, and a-hydroxy-, and _ its 
anhydrides, 1219. 

1-Carboxycyclohexane-1-a-propionic 
acid, and a-bromo-, and a-hydroxy-, 
and their derivatives, 1224. 

2-Carboxy-4'-cyclohexenylacetic acid, 
and its derivatives, 2432. 

2 - Carboxy - 4! - cyclohexenylmalonamic 
acid, ethyl ester, 2432. 

a-Carboxy-f-hydroxy-f-n-propylhexo- 
lactone, 1226. 

2-Carboxy-4-methoxyphenoxyacetic 
acid, 1385. 

1-Carboxy methylcyclohexane-1-acetic 
acids, and their derivatives, 1058, 
1063. 

a-Carboxy-a-methyl-48-hexenoic acid, 
2453. 

1-Carboxycyclopentane-l-acetic acid, a- 
bromo-, and l-hydroxy-, and_ its 
derivatives, 1222. 

2-Carboxy-4f-cyclopentenylacetic acid, 
2431. 

2-Carboxy-4'-cyclopentenylmalonamic 
acid, ethyl ester, 2430. 

2-Carboxyphenoxyacetic acid, 1385. 

p-Carboxyphenylmethyliodoarsine, 967. 

ee arias manera cima acid, 
2971. 

Catalysis on copper surfaces with basic 
magnesium carbonate as promoter, 
2055. 
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Catalytic dehalogenation by tetrahydro- 
separa in presence of copper, 
81. 
reactions, quantitative, apparatus for, 
1198. 
Catechin, rhatany, 2809. 
Catechol. See Pyrocatechol, 
Cathodes, platinum, reactions of, in 
nitric acid solutions, 1565. 
= methylated, structure of, 
Cellulose, molecular structure of, 2270. 
acetolysis of, 2368. 
Cement, magnesium oxychloride, 2014. 
Charcoal, active, 1864. 
adsorption by, from solutions con- 
taining two organic acids, 613. 
Chloramine-7', action of, on disulphides, 
2087. 
Chlorine, action of light on. mixtures 
of, with ozone, 599. 
hydrate, 1172. 
Chlorine dioxide, photodecomposition 
of solutions of, 1200. 
heptoxide, vapour pressure of, 2078. 
Hydrochloric acid, dielectric polaris- 
ation of, in solution, 43. 
freezing point of mixtures of, with 
sulphur chloride, 219. 
Hypochlorous acid, addition of, to 
olefinic compounds, 2062. 
Chromium :— 
Chromates, function of, in passivity, 
2476. 
Chromone group, syntheses in, 918, 925, 
1107. 


Ciba yellow 3G, and its derivatives, 
€ 


Cinnamic acid, addition of bromine to, 
in acetic acid, 979. 

1-Cinnamoyl-2:3-diphenylindole, and 4(or 
6)-nitro-, 2875. 

Cinnamylideneacetophenone,2-hydroxy-, 
928. 

2-Cinnamylideneacetyl-1-naphthol, 928. 

Citraconic acid, esters, action of sodium 
ethoxide on, 2568. 

Coal, composition of, 2839. 

Cobalt bases (cobaltammines), 2861. 
Dihydroxotetramminocobaltic hydr- 

oxide, and its derivatives, 1275. 
Hydroxoaquotetramminocobaltic salts, 
1279. 

Cobalt chloride, compounds of, with 
lithium chloride, 1855. 

Cobaltotris-(8-hydroxyethy!)amine, 
bromo-, chloro-, hydroxy-, and thio- 
cyano-, 2861. 

Combustion of gases with oxygen, rise 
of pressure in, 339. 

Compounds, conjugated, properties of, 
430, 2072. 
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Compounds, co-ordination, polarity of 
linking in, 958. 
spiro-Compounds, formation and stabil- 
ity of, 1047. 
Constitution, chemical, and the para- 
chor, 760, 1492. 
and trypanocidal action, 593, 2505, 
2866. 
Copper, solubility of, in mercury, 891. 
catalysis on surfaces of, 2055. 
—— alloys with mercury and tin, 
84 


with mercury and zinc, 852, 2340. 
Copper bases (cuprammines), 2861. 
electrolysis of, 2849. 
Copper compounds, 
valency of, 161. 
Cupric oxide, reduction of, by hydro. 
gen, 820. 
selenate, equilibrium of, with selenic 
acid and water, 1560. 

Cuprous chloride, use of hydrochloric 
acid solutions of, for recovery and 
purification of amines, 713. 

Cottonseed oil, effect of hydrogenation 

on glycerides of, 805. 

Coumarin-3-carboxylic 

784, 

Creatine, 2047, 2198. 
Creatinine, 2047, 2198. 
o-Cresol, 6-amino-, and 6-nitro-, p-tolu- 

enesulphonates, 1689. 

p-Cresol, Simonis reaction with, 1180. 
p-Cresol, 3- and 5-bromo-2-nitro-, and 

their derivatives, 2947. 

2-Crotylpyridine, 2964. 

Cuminoylnaphthoic acids, and their de- 
rivatives, 462. 

Cyanenin chloride, 2222. 

Cyanin chloride, 2223, 2488. 

Cyanine dyes, 251, 260. 

Cyanogen :— 

Hydrocyanic acid, studies on, 2793. 

cadmium, mercury, nickel, silver, 
and zine salts, solutions of, 1940. 
isoCyanic acid, phenyl ester, action 
of, with acetonephenylhydrazone, 
2086. 
isoCyanides, structure of, 1415. 
Cytisine, 2778. 


magnetism and 


acid, 6-nitro-, 


D. 


Decahydronaphthalene, 9-amino-, and 
9-bromo-, and their derivatives, 1781. 
Decahydronaphthalene series, 1778. 
trans-Decahydronaphthalene-2-acetic 
acids, 2-hydroxy-, 2128. 
trans-Decahydronaphthalene-2-spiro- 
cyclohexane-2’:6’-dione, 2138. 












sy of 
abil. 
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91. 


tin, 
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oric 
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trans-Decahydronaphthalene-2-a-prop- 
ionie acids, 2-hydroxy-, and their 
ethyl ester, 2142. 

trans-Decahydronaphthylidene-2-acetic 
acids, and their derivatives, 2129, 
2133. 

trans-Decahydronaphthylidene-2-acet- 
one, and its semicarbazone, 2135, 
2136. 

trans-Decahydronaphthylidene-2-a-prop- 
ionic acid, and its derivatives, 2143, 
2144. 

Decalin. See Decahydronaphthalene. 

Deguelin, constitution of, 1380. 

Dehydrodivanillin methyl ether, 440. 

Dehydrodivanillin, 4:4’-dinitro-, and its 
derivatives, 442. 

Dehydroergostene, 1714. 

Dehydroergostenol, and its acetate, 
1712. 

Dehydroergostenone, and its oxime, and 
bromo-, 2402. 

Dehydroeser metholemethine, and its de- 
rivatives, 326. 

Dehydro-2-naphthol -sulphide, 3- 
bromo-derivatives, 637. 

Demethylechitamine, 2629. 

Depsides, synthesis of, 2265. 

Derric acid, synthesis of, 1381. 

Desethoxydehydroeseretholemethine, 
synthesis of, 317. 

Desmethylanhydrotetrahydromethyl- 
strychnine-K*®, and its methiodide, 
1251. 

ee chloride, 
1935. 

apa acid, methyl ester, 
2959. 

Diacetylcreatinine, 2054. 

1 agua ermec ace 4:4’-dichloro-, 

85. 


p-Dialkylaminobenzophenones, syn- 
thesis of, 650. 

p-Dialkylanilines, condensation of, with 
benzanilides by means of phosphoryl 
chloride, 642. 

Dialkylmalonic acids, menthyl esters, 
rotation of, in solution, 2332. 

o-Diamines, disecondary, formation of, 
1775. 

=r salts, 

904 


8-Diamminodipyridinoplatinous dichlor- 
ide, 1012. 

Diamminoethylenediaminopalladium 
chloropalladite, 1904. 

Diamminoethylenediaminopalladous 
chloride, 1907. 

B-Diamminoethylenediaminoplatinous 
chloride, 2330. 

Dianisyl 4:4’-disulphide, 2:2’-diamino-, 
and its diacetyl derivative, 719. 





‘Diazomethane as reagent for nitroso- 


phenols, 1395. 
1:2:7:8 - Dibenzanthracene, and its 
picrate, 1479. 
1:2:7:8-Dibenzanthracene-4:5-dicarb- 
oxylic acid, 1482. 
1:2:7:8-Dibenzanthraquinone, 1483. 
Dibenzodihydropyrrocoline, 2:3:11:12- 
tetrahydroxy-, acetyl derivative, 798. 
Dibenzotetrahydropyrrocoline, 2:3:11:12- 
tetrahydroxy-, acetyl derivative, 797. 
3:6-Dibenzoyl-9-acetylcarbazole, 2190. 
Dibenzoylearbazoles, 2188. 
4:4’-Dibenzoyldiphenylamine, 2-amino- 
and 2-nitro-, 2191. 
nay pp aaa este marr nee 
= ye ana rnp Ny 


y-Dibenzylacetyl-f8-dimethylbutyric 
acid, 1083. 

y-Dibenzylacetyl-8-phenylbutyric acid, 
1085. 


10:10-Dibenzylanthrones, l-cyano-, and 
1:8-dicyano-10:10-di-o-chloro-, 507. 
Dibenzyldimethylammonium salts, and 
di-p-bromo-, 1936. 
10:10-Dibenzyldimethylanthrones, 1455. 
4:4-Dibenzyl-1:1-dimethylcyclohexane- 
3:5-dione, 1083. 
Di-a-benzylidene-m-phenylenediacetic 
acid, di-o-amino- and di-a-o-nitro-, 
and their derivatives, 1480. 
Dibenzylmethylarsine, and its mercuri- 
chloride, 2286. 
Dibutylthallium acetylacetone, 2606. 
sr Sapa ar meron TY 
Dicarbocyanines, 260. 


Di-(«x-carboxydecyl)acetanilide -thio- 
arsinite, 598. 
Di-(x-carboxydecyl)benzamide p-thio- 


arsinite, 598. 
Di( $-carboxyethyl)phenylglycineamide, 
di-B-amino-, p-thioarsinite, 2508. 
nr” Tare gpenngi er scsemoemme: 
Dielectric polarisation. See under 
Polarisation. 
Diethyl sulphide, 8f’-dichloro-, vapour 
pressure of, 589. 
sulphoxide, 8f’-dihydroxy-, 971. 
4-Diethylaminobenzophenone, 4’- 
bromo-, 652. 
2-chloro-, and 3’- and 4’-nitro-, 646. 
4-Diethylamino-4’-methoxybenzophen- 
one, 646. 
Diethyl-n-butylarsine, and its deriv- 
atives, 2289. 
1:1’-Diethyl-2:2’-dicarbocyanine iodides, 
ll-bromo-, -chloro-, and -nitro-, 
265. 
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1:1’-Diethyl-4:4’-dicarbocyanine iodides, 
11-bromo- and -chloro, 267. 
Diethylene dioxide (dioxan), 2:3:5:6- 
tetrachloro-, new stereoisomeride of, 
2666. 
O-Diethylevernic acid, ethyl ester, 1392. 
1:1’-Diethyloxadicarbocyanine _ iodide, 
10-chloro-, 266. 
Diethylsulphineb 
972. 
Diethylsulphine-p-toluenesulphonyl- 
imine, £f’-dihydroxy-, 971. 
(Diethylthalli)acetoacetic acid, methyl 
ester, 2738. 
(Diethylthalli)benzoylacetic acid, ethy! 
ester, 2739. 
(Diethylthalli)dibenzoylmethane, 2739. 
Diethylthallium dipropionylmethane 
and propionylacetone, 2606. 
1:1’-Diethylthiodicarbocyanine iodides, 
10-bromo- and -chloro-, 266. 
Difructofuranose anhydride, molecular 
structure of, and its hexa-acetyl 
derivative, 2389. 
3:5-Di-8-glucosidyl-3’:5’-dimethoxy- 
flavylium chloride, 7:4’-dihydroxy-. 
See Malvin chloride. 
Di-trans-hexahydro-2-hydrindylidene- 
hydrazine, 2152. 
Dicyclohexylethylarsine, and its meth- 
iodide, 2289. 
Dicyclohexylmethylarsine, and its deriv- 
atives, 2286. 
Dicyclohexylphenylsilicol, 2208. 
Dicyclohexylphenylsilicyl chloride, 2208. 
Dicyclohexylsilicanediol, 2208. 
Dihydroaloe-emodinanthranol, 2581. 
Dihydroanhydrotetrahydromethyl- 
strychnine-K*, 1250. 
Dihydroaponorconessine, 634. 
Dihydrobrucine, 780. 
Dihydrodesmethyleneanhydrotetra- 
hydromethylstrychnine-K*, 1251. 
Dihydrodesmethylenetetrahydromethyl- 
ae and its methiodide, 
252. 
Dihydroeremophilol, and its 3:5-dinitro- 
benzoate, 2753. 
Dihydroeremophilone, and its deriv- 
atives, 2753. 
1:2-Dihydroeremophilone, 2-hydroxy-, 
and its derivatives, 2757. 
w-Dihydroeremophilone, 2-hydroxy-, 
2:4-dinitrophenylhydrazone, 2759. 
2-Dihydroergosterol, oxidation of, 2400. 
Dihydromethoxymethyldihydroneo- 
strychnine, 770. 
1:4-Dihydronaphthalene, addition of 
arylamines to, 2646. 
3:4-Dihydropapaverine methiodide, 803. 
15:16-Dihydrophenanthracarbazole, 
nitrohydroxy-derivatives, 2874. 


Iphonylimine, 











Dihydroresorcinols, 1079. 

aa-Diketoadipic acid, esters of, and their 
diphenylhydrazones, 2958. 

f¢-Diketoazelaic acid, a-cyano-, ethyl 
ester, and its diphénylhydrazone, 
2432. 

4:5-Diketo-1-(2’:4’:5’-trichloropheny]l)- 
pyrazoline trichlorophenylhydrazone, 
1026. - 

4:5-Diketo-1-(2’:5’-dichlorophenyl)pyr- 
azoline-3-carboxylic acid, and its ethy] 
ester, dichlorophenylhydrazones of, 
1024. 

B-Diketo-compounds, copper deriy- 
atives, stability of, 2694. 

4:4’-Diketo-3:3’-diphenyl-5:5 -dithiazol- 
idylmethane, 2:2’-diimino-, 1580. 

Be-Diketo-a-methylsuberic cid, a- 
cyano-, ethyl ester, and its diphenyl- 
hydrazone, 2430. 

1:4-Diketo-3-(4’-nitro-2’-tolyl)tetra- 
hydrophthalazine, 480. 

B-e-Diketo-octoic acid, {-cyano-, ethyl 
ester, and its diphenylhydrazone, 
2430. 

4:5-Diketopyrazoline, derivatives of, 
1022. 

Be-Diketosuberic acid, a-cyano-, ethyl 
ester, and its diphenylhydrazone, 
2429. 

Diketosuccinic acid, and its derivatives, 
chlorophenyl-hydrazones and -osaz- 
ones of, 1024. 

Dimalonatocupriates, effect of diiso- 
propyl substitution on stability of, 
1766. 

Dimethoxyanthraquinones, and _ their 
derivatives, 1983. 

8-8:4-Dimethoxybenzoyl-af-dimethyl- 
propionic acid, 1487. 

B-3:4-Dimethoxybenzoylpropionic acid, 
1486. 

5:7-Di-p-methoxycinnamoyl-4’-meth- 
oxy-2-styrylchromone, 927. 

3:4-Dimethoxycinnamylideneacetophen- 
one, 2-hydroxy-, 929. 

Dimethoxydibenzaldehydes, 2264. 

Dimethoxydibenzoic acids, 2264. 

5:6-Dimethoxy-2-(3’-4’-dimethoxy-6'- 
ethylphenyl)-1-methyldihydroindole, 
800. 

5:6-Dimethoxy-2-(3’:4’-dimethoxy-6’- 
vinylphenyl)-1-methyldihydroindole, 
800. 

Di-(5-methoxy-1:3-dimethyl-2-indolin- 
one-3-f-ethyl)amine, 1435. 

4:4’-Dimethoxydiphenylsulphone, 3:3’- 
dichloro-, 718. 

5:7-Dimethoxyflavylium 
4’-amino-, 1443. é 

4’:7-Dimethoxy-8-methylflavylium ferri- 
chloride, 1691. 


perchlorate, 
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5:6-Dimethoxy-1-methylindole, and its 
sodium 2-sulphite, 549. 
6:7-Dimethoxy-1-methylnaphthalene, 
and its picrate, 1487. 
5:6-Dimethoxy-1-methyloxindole, 549. 
2:3-Dimethoxynaphthalene, and _ its 
picrate, 1487. 
3:4-Dimethoxyphenoxyacetic 
1385. 
So represen benzyl diketone, 
802. 
2:4-Dimethoxyphenylbenzylglycollic 
acid, 1803. 
2:4-Dimethoxyphenyl 
1803. 
2-(2’:4’-Dimethoxypheny] )-3-benzylquin- 
oxaline, 1803. 
y-3:4-Dimethoxyphenylbutyric 
1486. 
y~4:5-Dimethoxyphenylbutyric acid, y-2- 
bromo-, 1486. 
2:4-Dimethoxyphenyl f-chloro-a-hydr- 
oxy-f-phenylethyl ketone, 1803. 
1-8-3’:4’-Dimethoxyphenylethyldihydro- 
hydrastinine, 2511. 
1-8-3’:4’-Dimethoxyphenylethylnor- 
— and its methiodide, 
2:4-Dimethoxyphenyl a-hydroxy-f-eth- 
oxy-f-phenylethyl ketone, 1802. 
2:4-Dimethoxyphenyl a-hydroxy-f- 
methoxy-f-p-methoxyphenylethyl 
ketone, 1804. 


acid, 


benzyl ketone, 


acid, 


2:4-Dimethoxyphenyl a-hydroxy-f- 
methoxy-f-phenylethyl ketone, 1802. 
2:4-Dimethoxyphenyl af-dihydroxy-f- 


phenylethyl ketone, acetyl and formyl 
derivatives, 1804. 
2:4-Dimethoxyphenyl p-methoxybenzyl 
diketone, 1805. . 
2:4-Dimethoxyphenyl-p-methoxybeazyl- 
glycollic acid, 1805. 
2:4-Dimethoxyphenyl p-methoxybenzy] 
ketone, 1805. 
2-(2’:4’-Dimethoxyphenyl)-3-p-methoxy- 
benzylquinoxaline, 1805. 
2:4-Dimethoxyphenyl p-methoxystyryl 
ketone oxide, 1804. 
6:7-Dimethoxy-1-8-piperonylethy!-3:4- 
dihydro‘soquinoline, and its meth- 
iodide, 2512. 
Dimethoxy-2-styrylchromones, 932. 
2-(3’:4’-Dimethoxystyry])-3-methyl-1:4- 
a-naphthapyrone, 931. 
2-(3’:4’~Dimethoxystyryl)-1:4-ca-naphtha- 
pyrone, 931. 
1:7-Dimethoxythioxanthone, 
perchlorate, 1796. 
Pr nenpenenete, derivatives of, 
‘ . 
1:1-Dimethyl-4-allylcyclohexane-3:5- 
dione, 1084. 


and its 
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p-Dimethylaminoacetanilide, and 2- and 
3-nitro-, and their salts, 2976. 
4-Dimethylaminobenzophenone, 4’. 
bromo-, and 2’- and 4’-nitro-, 
645. 
2’-chloro-, 652. 
w-Dimethylamino-w-benzylacetophen- 
ones, bromo-, p-chloro-, p-iodo-, and 
nitro-, 1930. 
m-Dimethylaminobenzylamine, and its 
derivatives, 702. 
m-Dimethylaminobenzylidenebenzyl- 
amine, 704. 
w-Dimethylamino-w-benzyl-p-methyl- 
acetophenone, 1929. 
a-Dimethylamino-a-benzylpropiophen- 
one picrate, 1937. 
w=-Dimethylamino-w-o-bromobenzyl- 
acetophenone, 63. 
w=Dimethylamino-w-bromobenzylaceto- 
phenones, p-bromo-, 69. 
a-Dimethylamino/sobutyrophenone 
picrate, 1937. 
w-Dimethylamino-w-p-chlorobenzyl- 
acetophenone, p-bromo-, 68. 
w-Dimethylamino-w-chlorobenzylaceto- 
phenones, 62. 
a-Dimethylaminodeoxybenzoin, and its 
hydrochloride, 1937. 
4’-Dimethylaminvu-10:10-diphenyl- 
anthrone, 1:8-dichloro-, 509. 
a-Dimethylaminoethyl n-propyl ketone 
picrate, 2610. 
4-Dimethylaminohydroxybenzophen- 
ones, 646. 
w-Dimethylamino-w-iodobenzylaceto- 
phenones, 64. 
4-Dimethylamino-2-methoxybenzophen- 
one, 645. 
w-Dimethylamino-p-methoxy-w-benzyl- 
acetophenone, 1929. 
w=-Dimethylamino-w-methoxybenzyl- 
acetophenones, and w-bromo-, 66. 
w=-Dimethylamino-w-p-methylbenzyl- 
acetophenone, p-bromo-, 68. 
w-Dimethylamino-w-methylbenzylaceto- 
phenones, 66. 
Dimethylaminomethyl 
hydrobromide, 2610. 
Dimethylaminomethyl ethyl ketone 
p-bromophenacylobromide, 2609. 
Dimethylaminomethyl x-propyl ketone 
p-bromophenacylobromide, 2610. 
w=-Dimethylamino-w-m-nitrobenzylaceto- 
phenone, p-bromo-, 69. 
w-Dimethylamino-w-nitrobenzylaceto- 
phenones, 65. 
B-Dimethylaminopentane picrate, 2610. 
Dimethylamino-a-phenylbutanes, and 
their salts, 1940. 
8-Dimethylamino-a-phenylpropane 
methopicrate, 2611. 


benzyl ketone 
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a-Dimethylaminopropiophenone picrate, 
1937. 


6-Dimethylamino-3:4:3’:4’-tetrameth- 
oxy-6’-ethyl-af-diphenylethane, 802. 
6-Dimethylamino-3:4:3’:4’-tetrameth- 
oxy-6’-ethylstilbene, 801. 
6-Dimethylamino-3:4:3’:4’-tetrameth- 
oxy-6’-vinylstilbene, 801. 
Dimethyl-n-amylarsine mercurichloride, 
2287. 
Dimethylaniline methylenosulphate, 
91. 
Dimethylaniline, 3-nitro-4-amino-, and 
its salts, 2977. 
Dimethyl-p-anisidine, 2- 
and their salts, 1813. 
2:3-Dimethylanthranyl 
10-bromo-, 1457. 
Dimethyl-1:2-benzanthracenes, 471. 
Dimethyl-1:2-benzanthraquinones, 471. 
1-(3’:4’-Dimethylbenzoyl)-2-methyl 
naphthalene, 469. 
2:5-Dimethylbenzyl 
cyanide, 2525. 
1:3-Dimethyl-3-8-bromoethyl-2-indolin- 
one, 320. 
1:3-Dimethyl-3-8-bromoethyl-2-indolin- 
one, 5-hydroxy-, and its acetyl 
derivative, 332. 
Dimethyl-sec.-butylamine picrate, 2610. 
1:1-Dimethyl-4-butylcyclohexane-3:5- 
dione, 1084. 
4:6-Dimethylcoumarin, 3-chloro-, 1183. 
4:9-Dimethyl-2-decalol-6-carboxylic 
acid, 2753. 
1:1-Dimethyl-4:4-diallylcyclohexane-3:5- 
dione, 1084. 


and 3-nitro-, 


methyl ether, 


chloride and 


Dimetholdi-o-seplepesninm iodide, 
2285. 
Dimethyldibutylarsonium mercuri- 


iodides, 2285. 
1:3-Dimethyl-3-8-dimethylaminoethy|-2- 
indolinone, and 6-nitro-, picrates, 320. 
4:4’-Dimethyldiphenyl (4:4’-ditolyl), 
amino- and nitro-derivatives, 2393. 
5:5’-Dimethyldiphenyl disulphide, 2:2’- 
diamino-, 1988. 
identification of dithio-o-toluidine 
as, 2666. 
Dimethyldiphenylamines, 2:4-dinitro-, 
2363. 


Dimethyldiphenylazo-8-naphthol, p- 
amino-, sodium sulphite, 1271. 

Dimethyldiphenyldisazo-3:6:8-trisulpho- 
a-naphthol-f-naphthol sodium  sul- 
phite, 1270. 

Dimethyldiphenylethylstibines, 1816. 

4:4’-Dimethyldiphenylmethylarsine, and 
its salts, 2286. 

Dimethyldi-n-propylarsonium anti- 

mony] d-tartrate, 1818. 

mercuri-iodide, 2285. 
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2:5-Dimethyl-3-ethyl-1:4-benzopyrone, 
1686 


4:6-Dimethyl-3-ethylcoumarin, 1182. 

1:1-Dimethyl-4-ethylcyclohexane-3:5-di- 
one, 1083. 

a anaes acid, methyl ester, 
1392. 

8B-Dimethyl-4 y-heptenolactone, 5-hydr- 
oxy-, 1082. 

3:3-Dimethylindolenine, 301. 

3:3-Dimethylindolenine-2-carboxylic 
acid, and its derivatives, 300. 

dl-1:1-Dimethyl-2-y-ketobutylcyclopro- 
pane-3-carboxylic acids, synthesis of, 
and their derivatives, 1424. 

1:3-Dimethyl-3-$-methylaminoethyl-2- 
indolinone, and its hydrogen oxalate, 
321. 

1:4-Dimethylnaphthalene, amino-, 
bromo-, hydroxy-, and nitro-deriv- 
atives, and their derivatives, 2017. 

2:3-Dimethyl-1:4-c-naphthapyrone, 930, 

6:7-Dimethyl-2-naphthoie acid, and its 
methyl ester, 2250. 

B-(6:7-Dimethyl-2-naphthoyl)propionic 
acid, and its methyl ester, 2250. 

y-(6:7-Dimethyl-2-naphthyl)-48-pent- 
enoic acid, 2251. 

£B-Dimethyl-4 y-isooctenolactone, é- 
hydroxy-, 1082. 

aB-Dimethylpentenoic acids, 2452. 

2:6-Dimethylperimidine, and 7-chloro-, 
2313. 

1:9-Dimethylphenanthrene, and its 
picrate, 2720. 

Dimethylphenanthrenes, and their salts, 
2526. 


9:10-Dimethylphenanthridinium 
chloride, 3-amino-, 2228. 
methosulphate, 3-amino-, acetyl deriv- 
ative, 2228... 
1:3-Dimethyl-3-8-phenoxyethyl-2-ind- 
olinone, and dinitro-, 319. 
2:5-Dimethylphenylacetic 
ester, 2525. 

B-2:5-Dimethylphenylethy] alcohol, 2525. 

f-2:5-Dimethylphenylethyl bromide, 
2525. 

2-( 8-2’:5’-Dimethylphenylethyl)cyclo- 
hexanol-2-carboxylic acid, ethyl ester, 
2525. 

2-( B-2’:5’-Dimethylphenylethyl)cyclo- 
hexanone-2-carboxylic acid, ethyl 
ester, 2525. 

Dimethylisopropylamine picrate, 2610. 

Dimethyl-n-propylarsine, and its 
methiodide, 2287. 

1:1-Dimethyl-4-propylcyclohexane-3:5- 
diones, 1083. 

1:4-Dimethyl-7-isopropylphenanthrene, 
synthesis -of, and its derivatives, 
1784. 


acid, ethyl 
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§3-Dimethylsorbic acid, catalytic hydro- 
genation of, 437. 
des-N:O0-Dimethyl-/-strychnininium 
hydroxide, 2309. 
(Dimethylthallic)acetoacetic acid, 
methyl ester, 2738. 
(Dimethylthallic)benzoylacetic acid, 
ethyl ester, 2738. 
(Dimethylthallic)dibenzoylmethane, 
2739. 
Dimethylthallium dipropionylmethane 
and propionylacetone, 2606. 
3:6-Dimethylthiodiphenylamine di- 
oxide, 2776. 
Dimorphism of aliphatic compounds, 
898. 
aff’a’-Dinaphthathioxin, 13-bromo-, and 
6:13-dibromo-, and _  chloro-6:13-di- 
bromo-, 640. 
2:2’-Dinaphthyl, l-amino-, and its acetyl 
derivative, 532. 
Dinaphthyls, diamino-, and their deriv- 
atives, 530. 
imino-, and their derivatives, 531. 
nitroamino-, 529. 
Dinaphthyl bases, 528. 
1:2’-Dinaphthylmethane-2-carboxylic 
acid, 1478. 
Di-8-octyl hydrogen phosphite, 112. 
Dioxan. See Diethylene dioxide. 
Diphenacyldimethylammonium bromide, 
di-p-bromo-, 1935. 
Di-4-phenoxy-3:3’-dimethyldiphenyl di- 
sulphide, di-4-p-nitro-, 1491. 
2:2’-Diphenoxydiphenyl, 282. 
4:4’-Diphenoxydiphenyl, 2881. 
Diphenoxyphosphoric acid, creatinine 
salt, 2054. 
Diphenoxyphosphorylcreatinine, and 
its sodium salt, 2054. 
Diphenyl, synthesis of, 1641. 
derivatives, unsymmetrical, prepar- 
ation of, 1832. 
2:2’-disubstituted derivatives, stereo- 
chemistry of, 2021. 
Diphenyl, 2-amino-5-nitro-, 2-o-nitro- 
benzoyl derivative, 2228. 
4:4’-dichloro-2:3’:5’-trinitro-, 296. 
4:4’-difluoro-, parachor of, 763. 
nitration of, 509. 
4:4’-difluoro-2:2’-dinitro-, 511. 
4-dihalogeno-derivatives, quantitative 
nitration of, 285. 
Dipheny! ether, 2-iodo-, 282. 
3-iodo-, 2859. 
Diphenyl series, orientation in, 285, 
509, 2391. 
Diphenylamine, 2:2’-dichloro-, 1777. 
3:5-dichloro-, and its benzoyl deriv- 
ative, 1773. 
3:5:3':5’-tetrachloro-, and its benzoyl 
derivative, 1773. 
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Diphenylamine-6’-carboxylic acid, 2- 
bromo-5-nitro-, and 2-chloro-5-nitro-, 
2773. 

Diphenylamylarsines, 2290. 

10:10-Diphenylanthrone, 1:8-dichloro-, 
508. 


Diphenylazo-3:6- and -6:8-disulpho-f- 
naphthols, 4’-amino-, sodium sulphites, 
1269. 

Diphenylazo-f-naphthol, 
sodium sulphite, 1270. 

Diphenylazo-8-sulpho-f-naphthol, 4’- 
amino-, sodium sulphite, 1269. 

Diphenylbutylarsines, and their 
derivatives, 2290. 

aB-Di( phenylearbamy])-p-bromophenyl- 
hydrazine, 2087. 

aB-Di( phenylcarbamyl)phenylhydrazine, 
2086. 


4’-amino-, 


Diphenyl-3-carboxylic acid, 4-amino-, 
acetyl derivative, 2247. 
Diphenyl-4- and -4’-carboxylic acids, 
amino-, and nitro-derivatives, 1891. 
Diphenyl-o-chlorophenylbenzenyl- 
amidines, 1776. 
Diphenyl-3:5-dichlorophenylbenzenyl- 
amidines, 1773. 
Diphenyldiazo-4-sulpho-a-naphthyl- 
amine-8-sulpho-f-naphthol sodium 
sulphite, 1269. 
4:4’-Diphenyl-1:1’-diethyl-2:2’-carbo- 
cyanine iodide, 258. 
4:4’-Diphenyl-1:1’-diethyl-2:2’-dicarbo- 
cyanine iodides, 1 1-bromo-and-chloro-, 
267. 
4:4’-Diphenyl-1:1’-dimethyl-2:2’-carbo- 
cyanine iodide, 258. 
4:4’-Diphenyl-1:1’-dimethylquinazo- 
carbocyanine iodide, 257. 
2:5-Diphenyl-3:4-dimethyltetrahydro- 
oxazole, 1581. 
Diphenyldisazobis-8-sulpho--naphthol 
sodium disulphite, 1274. 
Diphenyldisazo-4:8-disulpho-a-naphthol- 
8-sulpho-f-naphthol sodium sulphite, 
1269. 
Diphenyldisazophenetole-6:8-disulpho-f- 
naphthol sodium sulphite, 1270. 
Diphenyldisazosalicylic acid-3:6-di- 
sulpho-f-naphthol sodium sulphite, 
1269. 
Diphenyldisazo-3:6:8-trisulpho-a- 
naphthol-8-naphthol sodium sulphite, 
1270. 
Diphenyl-2:2’-disulphonic acid, optical 
resolution of, and its salts, 2394. 
Diphenyl-2:2’-disulphonic acid, 4:4’- 
dinitro-, phenyl ester, 2025. 
4:4’-Diphenyl-2:2’-divinylenediquinaz- 
oline 1:1’-dimethiodide, 257. 
4:4’-Diphenyl-2:2’-divinylenediquinoline, 
1:1’-dimethiodide and -diethiodide,258. 
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Diphenylene oxide, amino-, bromo-, 
and nitro-derivatives, 2366. 
Diphenylene oxide series, 2365. 
1:2-Diphenylethylene, 2-nitro-1:2-di-p- 
nitro-, 1463. 
aB-Diphenylethylmethylaniline, 1938. 
Di-8-phenylethylmethylarsine, and its 
derivatives, 2286. 
2:2’-Diphenylimino-4:4’-diketo-3:3’- 
> ~ ptaadenaca ge nour 
580. 
2:3-Diphenylindole, nitro-derivatives, 
2874. 


2:3-Diphenylindole-1-carboxylic acid, 
and 4(or 6)-nitro-, ethyl esters, 2875. 
aB-Diphenyl-5-methyl-427-butadiene, 
addition of bromine to, 748. 
ay-Diphenylmethyleneazomethines, 
effect of m-substitution on mobility 
and equilibrium in, 696. 
2:3-Diphenyl-1:4-a-naphthapyrone, 923. 
3:4-Diphenyl-1:2-a-naphthapyrone, 924. 
N N’-Diphenyl-N-phenylbenzenyl- 
amidine, di-o-chloro-, 1776. 
Diphenylphenylbenzenylamidines, di- 
3:5-dichloro-, 1773. 
N N’-Diphenyl-o-phenylenediamine, 
benzoyl derivative, 1777. 
Diphenyl-n-propylarsine, and its salts, 
2290. 
Diphenylsulphone, 2-nitro-, and 2-nitro- 
4’-hydroxy-, 1490. 
3:3’-Diphenyl-1:3:1’:3’-tetramethyl-2:2’- 
indocarbocyanine chloride, 325. 
Diphenyl-p-tolylacetaldehyde, 2602. 
Dipole moments of solvents, 2332. 
Di-n-propyl-n-butylarsine, and its deriv- 
atives, 2289. 
1:1’-Diisopropyl-2:2’-carbocyanine 
iodide, 259. 
Diisopropylmalonic acid, salts, 1766. 
Dipropylthallium acetylacetone and di- 
propionylmethane, 2606. 
p-Diprotocatechualdehyde 
ether, 2263. 
p-Diprotocatechuic acid trimethyl ether, 
2264. 


trimethyl 


p-Diprotocatechuyl chloride trimethyl 
ether, 2264. 

Dipyridinepalladous hydroxide, 1908. 

Dipyridinodiquinolinoplatinous chlor- 
ides, 2220. 

Dipyridinoethylenediaminopalladous 
chloride, 1907. 

Dipyridinoplatinous halides and hydr- 
oxides, 1000. 

Di-3-pyridylarsonic acid, 1500. 

Di-3-pyridylchloroarsine dihydrochlor- 
ide, 1500. 

Diquinolinoplatinous chlorides, 2216. 

Disazo-naphthols, azo-sulphites of, and 
their fission, 1265. 





Dispersion, rotatory, of carbohydrates, 
2108. 
of organic compounds, 2654. 
Dissociation constants of organic acids, 
400, 2829. 
Disulphides, dismutation of, 2883. 
containing the S—S linking, action of 
chloramine-7' on, 2087. 
x-Disulphidoundecoic acid, 596. 
2:2’-Disulphodiphenyldisazobis-f- 
naphthol sodium sulphite, 1275. 
3:5-Di-(O-tetra-acetyl-f-glucosidoxy)-4'- 
acetoxy-3-methoxyflavylium chloride, 
7-hydroxy-, 2493. 
3:5-Di-(O-tetra-acetyl-8-glucosidoxy)-4’- 
acetoxy-7:3’:5’-trimethoxyflavylium 
chloride, 2295. 
3:5-Di-(O-tetra-acetyl-8-glucosidoxy)- 
3’:4’-diacetoxyflavylium chloride, 7- 
hydroxy-, 2494. 
2:4-Di-(O-tetra-acetyl-§-glucosidyl)- 
phloroglucinaldehyde, 2302. 
cyclo-2:5-Dithia-3:4-dimethylenestibine, 
1-chloro-, 1827. 
cyclo-2:5-Dithia-3:4-dimethylenestibine- 
1-thiolacetic acid, pyridine salt, 1827. 
Dithiazolidylmethane, synthesis of de- 
rivatives of, 1579. 
Ditolyl. See Dimethyldipheny]. 
Ditris-( 8-hydroxyethyl)aminonickel 
chloride, 2862. 
2:2’-Divinylenediquinoline |:1’-dieth- 
iodide, 258. 


E. 


Echitamidine, and its salts, 2628. 
Echitamine in Alstonia barks, and its 
salts, 2626. 
Ekatantalum. See Protoactinium. 
a- and f-Eleostearic acids, action of 
maleic anhydride on, 2251. 
Electrodes, alternative reactions at, 1565. 
glass, measurement of potential of, 
720. 
Electrolytic conductivity in ethyl cyano- 
acetate and in o-toluonitrile, 1512. 
dissociation, potentiometric investig- 
ation of, 514. 
oxidation, 2343, 2800. 
polarisation. See under Polarisation. 
Electrometer, valve, measurement of 
glass electrode potentials by, 720. 
Elements with consecutive atomic num- 
bers, directive power of, 1988, 
2894. 
of the oxygen group, salt-forming 
properties of, 1226, 2917, 2923. 
Emulsin, asymmetric hydrolysis of f- 
glucosides by, 1669. 


. Ephedrine, action of, on benzaldehyde, 


1580. 
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Eremophila Mitchelli, hydroxy-ketones 
from wood oil of, 2744. 

Eremophilone, constitution of, and 2- 
hydroxy-, and their derivatives, 2744. 

Eremophilone oxide, and 2-hydroxy-, 
2754, 2756. 

Ergine, and its salts, 763. 

a- and £-Ergostadienes, 1706. 

a-Ergostadienyl chloride, 1706. 

Ergostanone, bromo-, 2402. 

Ergostatriene-D, 1707. 

a- and $-Ergostenes, and their oxides, 
1707, 1709, 1713. 

a-Ergostenedione, 1704. 

a-Ergostenol, oxidation of, and its de- 
rivatives, 1699. 

B-Ergostenol, and its derivatives, 1708. 

or amram and its derivatives, 


a-Ergostenyl chloride, 1706. 

a- and £-Ergostenyl oxides, 1712. 

Ergosterol, formula of, and its oxidation, 
2400. 


and its derivatives, ethers of, 268. 

Ergot alkaloids, 763, 1543. 

Ergotamine, relationship of, to ergo- 
toxine, 1543. 

Ergotoxine, relationship of, to ergot- 
amine, 1543. 

l-Erythrose, molecular weight of, 2973. 

dl-Eserethole, 314. 

Eserine, synthesis of, 298, 304, 317, 321, 
326, 1433. 

Esermethole, and its derivatives, 333. 

dl-Esermethole methopicrate, 1433. 

Esters, carboxylic, hydrolysis of, 756. 
organic, co-ordination compounds of, 

with boron trifluoride, 1497. 

unsaturated, tautomerism of, 2454. 

Ethane, pure, preparation of, and 
analysis of its mixtures with hydrogen 
and methane, 941. 

Ethane, aaf-tribromo-af-dinitro-, 1360. 

Ethanesulphony]l fluoride, and a-chloro-, 
485. 


Ethoxide, sodium, action of, on citra- 
conic, itaconic, and mesaconic esters, 
2568. 

thallium, action of ethylmagnesium 
bromide on, 2862. 
3-Ethoxybenzaldehyde, 2-hydroxy-, 
methylphenylhydrazone, 955. 
B-Ethoxy-4-butene-ad-dicarboxylic acid, 
and its ethyl ester, 2566. 
5-Ethoxy-3:3-dimethylindolenine, and its 
salts, 303. 
§-Ethoxy-3:3-dimethylindolenine-2-carb- 
oxylic acid, 302. 
4’-Ethoxydiphenyl, 4-fluoro-2:3’-dinitro- 
513. 


‘-Ethoxydiphenylamine, 2:4:6-trinitro-, 
2364. 
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Ethoxyergostatriene, 271. ’ 
f-Ethoxyhexoic acid, ethyl ester, 2457. 
f-Ethoxy-n-hexonitrile, 452. 
5-Ethoxy-3-methyl-3-( 8-o-carboxybenz- 
amidoethyl)indolenine-2-carboxylic 
acid, and its dipotassium salt, 311. 
Ethoxymethyldihydroncostrychnine, 769. 
Ethoxy-5-methyldiphenylamines, 2:4-di- 
nitro-, 2363. 
5-Ethoxy-3-methyl-3-(§-phthalimido- 
ethyl)indolenine, and its derivatives, 
312 


5-Ethoxy-3-methyl-3-( 8-phthalimido- 
ethyl)indolenine-2-carboxylic acid, 
ethyl ester, and its derivatives, 310. 

5-Ethoxy-3-methyl-3-( 8-phthalimido 
ethyl)indolinone, 312. 

3-Ethoxy-3-methylcyclopropane-1:2-di- 
carboxylic acid, and its anhydride and 
ethyl ester, 2564. 

8-Ethoxy-l-naphthoie acid, 2732. 

1-Ethoxy-2-phenyl-1-p-methoxyphenyl 
ethane, 2-nitro-, 1463. 

1-Ethoxypropan-2-ol, 3-nitro-, 754. 

a-Ethoxypropionic acid, identification 
of, and its anilide, 2283. 

8-Ethoxyquinaldine, 4-chloro- and 4- 
hydroxy-, hydrates, and their salts, 
1985. 

4-Ethoxyquinoline-3-carboxylic acid, 6- 
nitro-2-hydroxy-, 784. 

Ethyl alcohol, surface composition of 

aqueous solutions of, 2089. 

effect of lithium chloride on surfaces of 
aqueous solutions of, 2097. 

velocity of reaction of, with acetic 
anhydride, 236. 
Ethyl hypochlorite, addition of, 2062. 
hyponitrite, 2595. 
iodide, velocity of combination of, 
with triethylamine, 232. 

magnesium bromide, action of, on 
thallous chloride and _ ethoxide, 
2862. 

Ethylbenzene, d- and /-a-chloro-, form- 
ation of, from /-phenylmethylcarbinol, 
1232. 

Ethylbromomalonamide, 2782. 

Ethylbromomalonbismethylamide, 2782. 

Ethyldi-n-amylarsine, and its oxide, 
2289. 

Ethyldi-n-amylstibine, 1815. 

Ethyldi-n-butylarsine, and 
atives, 2289. 

Ethyldi-n-butylstibine, 1815. 


its deriv- 


| Ethyldicyclohexylstibine, 1815. 


Ethyl a-dimethylaminoethyl ketone 
picrate, 2610. 

N-Ethyldiphenylbenzamidine, 
salts, 649. 

N-Ethyldiphenyl-o-chlorobenzamidine, 
and its hydrochloride, 649. 


and its 
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N-Ethyldiphenyl-m-methoxybenzamid- 
ine, and its hydrochloride, 649. 

N-Ethyldiphenylnitrobenzamidines, and 
their salts, 649. 

Ethylene, thermal combination of, with 
bromine at glass surfaces, 1747, 
1758. 

reaction of, with bromine in carbon 
tetrachloride, 2911. 

dichloride, equilibrium of, 
carbon disulphide, 2915. 

a-iodohydrin, and diiodohydrins, and 
their derivatives, 1975. 

sulphate, 89. 

Ethylenes, halogeno-, nitration of, 1357. 

nitro-, additive reactions of, 1458. 

Ethylenediaminopalladic chloride, 1909. 

2:3-Ethylenedioxydioxan, 90. 

O-Ethyleverninaldehyde, 1391. 

O-Ethyleverninic acid, 1391. 

a-Ethylglucofuranoside 5:6-carbonate, 

and its diacetyl derivative, 2257. 
1-Ethylglyoxaline, 1-8-hydroxy-, and 
2-thiol-1-8-hydroxy-, 1810. 
Ethylmalonbismethylamide, 2782. - 
en acid, ethyl ester, 
1392. 


with 


1-Ethyl-7-isopropylphenanthrene, 2717. 

Ethylneostrychnidinium salts, 493. 

Ethyl-p-toluenesulphonimidosulphine- 
p-toluenesulphonylimine, -chloro-, 
2087. 

Evernic acid, and its esters, 1388. 


F. 


Faraday Lecture, 349. 

Fats, partially hydrogenated, glycerides 
of, 805. 

Ferric and Ferrous salts. 
Tron. 

Filters, light. See Light filters. 

Flame, movement of, 1996, 2676. 
propagation of, in electric fields, 2788. 

Flavones, tri-, tetra-, and penta-hydroxy-, 
and their derivatives, 1107. 

isoFlavone group, synthesis in, 1798. 

Fluorene, reaction of, 1292. 

Fluorene-9-carboxylic acid, 2-mono- and 
2:7-di-amino-, and their acetyl deriv- 
atives, and 2-mono- and 2:7-di-nitro-, 
2361. 

Fluorenone-2-arsonic acid, amino-, de- 
rivatives of, and hydroxy-, and its 
derivatives, 1634. 

Fluorenone-7-glycine-p-acetophenonyl- 
amide-2-arsonic acid, and its sodium 
salt, 1637. 

Fluorenone-7-glycineanilide-2-arsonic 
acid, and its sodium salt, 1636. 

Fluorenone-7-glycinemethylamide-2- 
arsonic acid, and its sodium salt, 1636. 


See under 


4 
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Fluorenylaniline, and its derivatives, 
1293. 

Fluorenylideneaniline oxide, 1292. 

Fluorescein, dibromo-, preparation of, 
724. 

Fluorine, atomic weight of, 2180. 

Fluorine compounds, parachor of, 760. 

Formaldehyde, decomposition of, 1518. 
action of, on ammonium sulphide, 

2087. 
on ammonium and alkylammonium 
sulphides, 1142. 
condensation of, 
ketones, 2667. 
Formic acid, specific heat of aqueous 
solutions of, 2413. 
diamminocupric salt, 2862. 

Formic acid, chloro-, d-8-dctyl ester, 
conversion of, into d-8-chloro-octane, 
108. 

Formylbenzylacetic acid, ethyl ester, 
semicarbazone, 2441 

a-Formylphenylacetonitriles, 
ation of, with phenols, 2420. 

Fumaric acid, diamminocupric salt, 
2862. 

Furfural, formation of, from methylated 
pentoses, 2621. 


with aliphatic 


condens- 


G. 


Gases, adsorption of, 1532. 

rise of pressure in combustion of, with 
oxygen, 339. 

Gas reactions, function of surfaces in, 
933. 

Glucosides, syntheses of, 2770. 

See also Salinigrin. ‘ 

B-Glucosides, asymmetric hydrolysis of, 
by emulsin, 1669. 

3-8-Glucosidylhirsutidin chloride, 2296. 

Glutaconic acid, and its ethyl ester, 
preparation of, 2666. 

Glutaconic acids, and their esters, 
structure of, 1, 1027, 2426, 2434, 
2443, 2557. 

Glutaranilamide-p-arsonic acid, am- 
monium salt, 278. 

Glutaranilide-p-arsonic acid, and its 
sodium salt, 279. 

Glutaranilide-pp’-diarsonic acid, and 
its disodium salt, 279. 

Glutaranilodimethylamide-p-arsonic 
acid, and its sodium salt, 278. 

Glutaraniloethylamide-p-arsonic acid, 
and its sodium salt, 278. 

Glutaranilomethylamide-p-arsonic acid, 
and its sodium salt, 278. 

Glutaranilo-n-propylamide-p-arsonic 
acid, and its sodium salt, 278. 

Glycerol di-ethers, preparation of, 1965. 
a-phenyl ether, 1972. 
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Glycogen, molecular structure of, 2277. 
methylation and acetylation of, 2026. 

Glyoxal sulphate, constitution of, 86. 

Glyoxalines, 1-substituted, preparation 
of, 1806. 

Glyoxalines, 4(5)-amino-, formation of, 
2423. 


Glyoxaline-l-acetic acid, and its ethyl 
ester picrate, and 2-thiol-, 1811. 

Glyoxaline-4(5)-carboxyamide, and 2:5- 
dibromo-, 2425. 

Glyoxaline-5(4)-carboxylic acid, 
bromo-, ethyl ester, 2424. 

8-(Glyoxalinyl-1)-6-methoxy quinoline, 
and its hydrochloride and 8-thiol-, 
1810. 

Glyoxalinyl-1’-quinolines, and 2’-thiol-, 
1809. 


4(5)- 


Glyoxime substituted phenyl ethers, 
1397. 

~-Gnoscopine, nitro-, and its hydro- 
chloride, 1373. 

B--Gnoscopine, and iodo-, 1370, 1375 

a- and f-=/-Gnoscopines, amino-, and 
their acetyl derivatives, 1374. 

Gold chloride, tervalent, electrometric 
precipitation in solutions of, 2464. 

Grignard reagents, action of, on amino- 
nitriles, 2607. 

Guaiacum resin, constituents of, 1485. 

Gutta-percha, oxidation of, with hydro- 
gen peroxide, 386. 


H. 

Halogens, addition of, to unsaturated 
acids and esters, 979. 

Hexadecane, equilibrium of, with octa- 
decane, 737. 

Hexadecyl iodide, equilibrium of, with 
octadecyl iodide, 737. 

trans-Hexahydrohydrindylidene-2-acetic 
acid, ethyl ester, 2155. 

trans-Hexahydrohydrindylidene-2- 
acetone, 2156. 

trans-Hexahydrohydrindylidenehexa- 
fat derma and its oxime, 

152. 

Hexahydrostrychnine, 775. 

2:3:4:3’:4’:5’-~Hexamethoxy-w-benzoyl- 
acetophenone, 1110. 

Hexamethylenetetramine, reactions of, 
with phenolic compounds, 1987. 

1:1’:8:3:3’:3’-Hexamethylindodicarbo- 
cyanine iodides, 10-bromo-, 10-chloro-, 
and 10-nitro-, 264. 

1:2:3:4:5:6-Hexamethylpiperazines, 
their derivatives, 1340. 

Hexane, oxidation of, 676. 

cycloHexane, dielectric polarisation of 

hydrochloric acid in, 43. 


and 
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trans-cycloHexane-2-acetone-1-acetic 
acid semicarbazone, 2131. 

trans-cycloHexane-2-y-carbethoxy- 
acetone-l-acetic acid semicarbazone, 
2131. 

cycloHexane-1-a-cyanopropionic 
1-cyano-, ethyl ester, 1224. 

cycloHexanespiro-4:4-dimethylcyclo- 
hexane-3:5-dione, 1088. 

cycloHexane-8:5-dione-1(2’)-spiro-trans- 
hexahydrohydrindene-2-carboxylic 
acid, ethyl ester, 2157. 

cyedmenant-cnclansestene, 1- 

hydroxy-, 122 

cyc. (gieataeniyhonst fluoride, 485. 

Hexapyridinonickelous nitrate, 2930. 

cycloHexene, addition of arylamines to, 
2646. 

Ac-Hexenoic acid, 5-chloro-y-hydroxy-, 
y-lactone, 2076. 

n-Hexenoic acids, amides and nitriles 
of, 449. 

n=-Hexoic acid, 8-chloro-, lactone, and 
a- and y-chloro-8-hydroxy-, 2067. 

n=Hexonitrile, a-hydroxy-, 451. 

cycloHexylacetic acid, l1-hydroxy-, 
a, 1782. 

cycloHexylaniline, and its derivatives, 
2649, 2650. 

cycloHexyl a~dimethylaminoethylketone, 
derivatives of, 2611. 

cycloHexyldimethylarsine, 
methiodide, 2287. 

cycloHexylphenylsilicanediol, 2207. 

cycloHexylphenylsilicon dichloride, 2207. 

3-cycloHexyltoluene, 4-amino-, and its 
derivatives, 2651. 

cycloHexyl-p-toluidine, and its deriv- 

atives, 2652. 


acid, 


and its 


cycloHexyltrimethylarsonium salts, 
2287. 

Hirsutin chloride, synthesis of, 2293. 

Holarrhena antidysenterica, alkaloid 


from seeds of, 631. 
Homoterpenylic acid, and its derivatives, 
1428. 


Hydrazine, formation of, in synthesis 
and decomposition of ammonia, 1158, 
1160, 1169. 

Hydroaromatic compounds, conversion 
of, into aromatic compounds, 1468. 
Hydrocarbon, C,,H;,, from oxidation 

product of a-ergostenol, 1702. 
Hydrocarbons, oxidation of, 661, 676. 
aromatic, molecular associations of, 
with sulphur chlorides and 
dioxide, 1501. 
polycyclic, 456, 1472. 
a and fractional distillation 
of, 1992. 
unsaturated, reaction of selenium 





dioxide with, 2342. 
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Hydrochloric acid. See under Chlor- 

ine. 

Hydrogen, pure, preparation of, and 
analysis of its mixtures with ethane 
and methane, 941. 

— of, on nickel and platinum, 
1532. 


catalytic action of, on carbon mon- 
oxide flames, 129. 
reduction of copper oxide by, 820. 
Hydrogen ions, mobility of, 400. 
determination of, wit glass electrodes, 
2469. 
thermionic potentiometer for, 2812. 
Hydroxides, electrometric precipitation 
of, 2464, 2467, 2550. 
ae 9 ne metallic complex salts 
of, 41. 
apne aeiin, lactonisation _ of, 
as ~~ eats synthesis of, 


§-Hydroxy-esters, dehydration of, 2461. 

Hydroxyl groups, aromatic, reactivity 
of, 2945. 

Hydroxy-sulphones, rearrangement of, 
1040, 1488. 

Hypochlorous acid. See under Chlorine. 

Hyponitrites. See under Nitrogen. 


I, 


Indigotin, benzoyl derivatives of, 2783. 
Indole derivatives, Plancher rearrange- 
ment of, 321. , 
polycyclic, action of halogens on, 
2192. 


Indole, 5:7-dinitro-2-amino-, 782. 
Indole-2-carboxylic acid, 3-nitro-, 783. 
Inulin, molecular structure of, 2384, 
2389. 
Iodine, compounds of benzonitrile with 
polyiodides in solutions of, 2640. 
Iron alloys with mercury, tin, and zinc, 
857. ‘ 
Steel, action of mixtures of carbon 
oxides in contact with, 1641. 
Iron iodides, equilibrium of, in aqueous 
solution, 1838. 
Ferric chloride, anhydrous, dehydro- 
genation of pyridine by, 20. 
Ferrous ions, reduction of silver 
ions by, 2004. 
Isatin-3-oxime, 5:7-dinitro-, 782. 
Isomerism, dynamic, with mobile hydro- 
carbon radicals, 1770. 
— production of, from rubber, 
4, 


Itaconic acid, esters, action of sodium 
ethoxide on, 2568. 





K, 


B-Ketoadipic acid, 2566. 

1-Keto-3-(4’-amino-2’-tolyl)-4-methyl- 
tetrahydrophthalazine, 482. 

1-Keto-3-(4’-amino-2’-tolyl) tetra- 
hydrophthalazine, and its acetyl 
derivative, 478. 

y-Keto-83-bishydroxymethyl-f-methyl- 
nm~amyl alcohol, and its derivatives, 
2673. 

y-Ketobuty! alcohol, and its derivatives, 
2669. 


a-Keto-1-carboxycyclohexane-1l-acetic 
acid, and its quinoxaline, 1221. 

a-Keto-1-carboxycyclopentane-1-acetie 
acid, 1222. 

1-Keto-3-(2’-chloro-4’-aminophenyl)-4- 
methyltetrahydrophthalazine, and its 
acetyl derivative, 18. 

1-Keto-3-(2’-chloro-4’-aminophenyl) 
tetrahydrophthalazine, and its acetyl 
derivative, 16. 

1-Keto-6:7-dimethoxy-2:3-dimethyl- 
1:2:3:4-tetrahydronaphthalene, 1487. 

1-Keto-6:7-dimethoxy-1:2:3:4-tetra- 
hydronaphthalene, and its oxime, 
1486 


1-Keto-2:8-dimethyl-1:2:3:4-tetrahydro- 
phenanthrene, and its semicarbazone, 
2723. 

4-Keto-1:7-dimethyl-1:2:3:4-tetrahydro- 
phenanthrene, and its semicarbazone, 


3-Keto-10-ethoxy-1:7-dimethyl- 
374:5:6:7:2-hexah ydro-4-carboline, 
315. 

3-Keto-10-ethoxy-7-methyl-3:4:5:6:7:2:- 
hexahydro-4-carboline, 315. 

3-Keto-10-ethoxy-7-methyl-3:4:5:6- 
tetrahydr -carboline, and __its 
methosul!phate, 315. 

Keto-ethylene oxides, reactions of 
1798. 

4-Keto-1-ethyl-7-isopropyl-1:2:3:4-tetra- 
hydrophenanthrene, and its semicarb- 
azone, 2719. 

y-Keto-f-hydroxy methyl-8-methyl-n- 
amyl alcohol, and its di-p-nitrobenzo- 
ate, 2672. 

y-Keto-f-hydroxy methyl-8-methylbutyl 
alcohol, and its derivatives, 2671. 

4-Keto-1-methoxy-3-(4’-nitro-2’-tolyl)- 
3:4-dihydrophthalazine, 480. 

5-Keto-2-methoxy-5:6:7:8-tetrahydro- 
naphthalene, 2314. 

y-Keto-8-methyl-n-amyl alcohol, and 
its p-nitrobenzoate, 2672. : 

y-Keto-f-methylbutyl alcohol, and its 
derivatives, 2670. 

a-Keto-f-methylbutyrie acid, phenyl- 
hydrazones of, 299, 302. 
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4-Keto-7-methyl-1-ethyl-1:2:3:4-tetra- 
hydrophenanthrene, and its semicarb- 
azone, 2719. 
a-Ketomethylcyclohexane-1:1-diacetic 
acids, and their derivatives, 1057, 
1062. 
a-Keto-3-methylcyclopentane-1:1-di- 
acetic acid, and its derivatives, 1073. 
4-Keto-1-methyl-7-isopropyl-1:2:3:4- 
tetrahydrophenanthrene, 1791. 
1-Keto-9-methyl-1:2:3:4-tetrahydroe 
phenanthrene, and its semicarbazone, 
2721. 
4-Keto-7-methyl-1:2:3:4-tetrahydrophen- 
anthrene, 1788. 
Ketomethyl-1:2:3:4-tetrahydrophen- 
anthrenes, 1132. 
Ketones, reaction of, with selenium 
dioxide, 1875. 
aliphatic, condensation of formalde- 
hyde with, 2667. 
4-Keto-octahydropyridicoline, 2965. 
Keto-octahydropyrrocolines, 2971. 
19-Ketophenanthridindocoline, 2188. 
Keto-1:2:3:4-tetrahydrophenanthrene- 


- glyoxylic acids, ethyl esters, 1130. 


4-Ketotrimethyl-1:2:3:4-tetrahydrophen- 
anthrenes, 2249. 

y-Keto-8 85-trishydroxymethyl-n-pent- 
ane. See y-Keto-f5-bishydroxy- 
methyl-8-methyl-n-amyl alcohol. 

Kinetics, fortuitous empirical relation- 
ships in, 1398. 


L. 


B-Lactones, formation and stability of, 
1215. 
Leevulose, detection of, 1883. 
Lamps, mercury, light filters for, 2236. 
Lanthanum selenates, solubilities of, in 
water, 1597. 
Laudanosoline, and its derivatives, 
788, 795. 
Lead nitrate, equilibria of, with potass- 
ium and sodium nitrates, 874, 
2582. 
with silver or thallium nitrates, 
2713. 
decomposition of, in molten potass- 
ium nitrate, 1360. 
oxides, X-ray structure of, 211. 
Lead organic compounds, complex, 
with hydroxy-acids, 41. 
Lead tetraethyl, action of, on oxid- 
ation of pentane, 683. 
Lectures delivered before the Chemical 
Society, 349, 1582, 2888. 
Lichen acids, 1388, 1675. 
Light filters for the mercury lamp, 2236. 





Literature, chemical, publication of, 
1315. 
Lithium chloride, compounds of, with 
cobalt chloride, 1855. 
nitrate, thermal analysis of equi- 
librium of, with thallous nitrate, 
1100. 
Liquids, potential at junctions between, 
and its elimination, 179. 
Liversidge Lecture, 2888. 
Lupin alkaloids, 2959. 
Lupinie acid, methyl ester, a- and 
B-methiodides, 2967. 


Magnesium carbonate, basic, as pro- 
moter on copper surfaces, 2055. 
chloride, equilibrium of, with magnes- 
ium oxide, and water, 2008. 
oxide, equilibrium of, with magnes- 
ium chloride and water, 2008. 
Magnetism and valency, 161. 
Magnus’s green salt, 2527. 
Maleic acid, diamminocupric salt, 2862. 
Malonamides, N-substituted, p-arsanilic 
acid derivatives, 2781. 
Malonbisamylamides, and bromo-, 2781. 
Malonic acid, esters, surface tension 
measurements of, 2258. 
Malvenin chloride, 2224. 
Malvin chloride, synthesis of, 2299. 
Mandelic acids, esters, stereochemistry 
of, 2168. 
Manganese, solubility of, in mercury, 
891. 
Manganese alloys with copper and 
mercury and with zinc, 2342. 
Manganese sulphate, equilibrium of, 
with thorium sulphate and water, 
2417. 
Manganous oxide, hydrates, heats of 
formation of, 1977. 
y-Meconine, 6-nitro-, 1373. 
Menthene, effect of solvents on rotation 
of, 543. 
(—)Menthol, esters, stereochemistry of, 
2168. 
8-/-Menthoxy-1-naphthoie acid, 2732. 
Menthyl dixanthide, optical rotation of, 
1016. 


ve and decomposition of, 
912 
Mercury, solubilities of metals in, 891. 
Mercury alloys, 841, 852, 857, 2340. 
Mercuric salts, glass-electrode titra- 
tions with, 2550. 
Mercury organic compounds :— 
Mercuripyridine, 3-chloro-, 1264. 
Mercury bis-p-diphenyl ether, 2882. 


sa: 
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Mesaconic acid, esters, action of sodium 
ethoxide on, 2568. 

Metals, passivity of, 2476. 

Methane, pure, preparation of, and 
analysis of its mixtures with ethane 
and hydrogen, 941. 

movement of flame in mixtures of air 
and, 1996, 2676. 
oxidation of, 933. 

Methanesulphonic acid, chloroiodo-, 
optical resolution of, and its salts, 
2723. 

Methanesulphonyl fluoride and piper- 
idide, 485. 

2-(4’-Methanesulphonylphenoxy)-1- 
naphthyl disulphide, 1047. 

2-(4’-Methanesulphonylphenoxy)-1- 
naphthylthiol, 1047. 

4-Methanesulphonylphenyl 2-naphthy! 
and _1-sulphinomethoxy-2-naphthy] 
ethers, 1046. 

4-Methanesulphonylphenyl-2-hydroxy-1- 
naphthyl sulphide, 1047. 

3-Methoxyacenaphthenequinone, 7- 
nitro-, 2716. 

p-Methoxyacetophenone, w-iodo-, 1154. 

a-Methoxyanthraquinones, basic charac- 
ter of, 1982. 

Methoxybenzaldehydes, Hantzsch’s 
pyridine condensation with, 1112. 

4-Methoxybenzaldehydes, bromonitro- 
hydroxy-, and 3-nitro-2-hydroxy-, 
526. 

6-Methoxybenzoic acid, 2-amino-, and 
2-nitro-, 1795. 

B-m-Methoxybenzoylpropionic acid, and 
its semicarbazone, 2314. 

m=-Methoxybenzylamide, 702. 

m-Methoxybenzylamine, and its deriv- 
atives, 702. 

Methoxybenzyldihydroneobrucidine, 776. 

Methoxybenzyldihydroncostrychnidine, 
490. 

4-(4’-Methoxybenzylideneamino)aceto- 
phenone, 4-2’-hydroxy-, 1442. 

m-Methoxybenzylidenebenzylamine, 
704. 


p-Methoxybenzylpyridinium bromide, 
2635. 


Methoxybenzyltetrahydrobrucidine, 777. 
Methoxybenzyltetrahydrostrychnidine, 
490 


Methoxyboron difluoride, parachor of, 
763 


Methoxydehydroergostatriene, 271. 
Methoxydibenzaldehydes, 2264. 
Methoxydibenzoic acids, 2264. 
9-Methoxy-9:10-dihydroanthraquinyl- 
9:10-endo-af-succinyl anhydride, 1- 
chloro-, 1456. 
5-Methoxy-1:3-dimethyl-3-f-amino- 
ethylindoline, and its salts, 1436. 
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5-Methoxy-1:3-dimethyl-3-8-amino- 
ethyl-2-indolinone, and its salts, 1435. 

7-Methoxy-2:8-dimethyl-1:4-benzopyr- 
one, 1692. 

5-Methoxy-1:3-dimethyl-3-8-bromo- 
ethyl-2-indolinone, 333. 

2-Methoxy-f:4-dimethylcinnamic 
1683. 

2-Methoxy-8:5-dimethylcinnamic acid, 
1181. 


9-Methoxy-1:4-dimethyl-9:10-dihydro- 
anthraquinyl-9:10-endo-af-succinic 
anhydride, 1456. 
dl-5-Methoxy-1:3-dimethyl-3-8-di- 
methylamino-2-indolinone, and its 
derivatives, 333. 
2-Methoxy-f:4-dimethyl-a-ethylcin- 
namic acid, 1687. 
2-Methoxy-§:5-dimethyl-a-ethylcin- 
namic acid, 1182. 
5-Methoxy-1:3-dimethyl-3-8-phenoxy- 
ethyl-2-indolinone, and _ trinitro-, 
332. 
5-Methoxy-1:3-dimethyl-3-f-phenoxy- 
ethyl-2-methyleneindoline, 331. 
5-Methoxy-1:3-dimethyl-3-8-phthal- 
imidoethyl-2-indolinone, 1435. 
Methoxy-a-ergostadiene, 272. 
Methoxyergostatrienes, 270. 
Methoxy-a- and -f-ergostenes, 272. 
Methoxyethyldihydroncostrychnidine, 
and its methiodide, 492. 
Methoxyethyltetrahydrostrychnidine, 
493. 
Methoxyflavylium perchlorates, 4’. 
amino-, and 4’-amino-3-hydroxy-, 
1442. 
4-Methoxy-3-methylacetophenone, 2- 
hydroxy-, 1692. 
4-Methoxy-3-methylbenzaldehyde, 2. 
hydroxy-, 1691. 
4-Methoxy-3-methylbenzoic acid, 2-hydr- 
oxy-, 1691. 
4-Methoxy-3-methylbenzophenone, 2- 
hydroxy-, 1693. 
4-Methoxy-3-methylbenzoylacetone, 2- 
hydroxy-, 1692. 
Methoxymethyldihydroneobrucine, 779. 
Methoxymethyldihydroncostrychnine, 
769. 
2-Methoxy-5-methyldiphenyl, 1834. 
1-Methoxy-2:3-methylenedioxybenzene, 
1282. 
5-Methoxy-1-methyl-1-ethyl-4*-cyclo- 
hexen-3-one, 1086. 
a’-Methoxy-3-methylcyclopentane-1:1- 
diacetic acid, a-hydroxy-, and its 
lactone, 1076. 
5-Methoxy-2-methyl-3-8-phenoxyethyl- 
indole, 329. 
2-Methoxy-6-methylpropiophenone, and 
its semicarbazone, 1684. 


acid, 














5. 
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2-Methoxynaphthalene, 6-nitro-, 2717. 

2-Methoxynaphthalic anhydride,  6- 
nitro-, 2717. 

7-Methoxy-l-naphthoic acid, and 8- 
bromo-, and 3-nitro-, 2716. 

2-Methoxy-1-naphthyl-4’-methanesul- 
phonylphenylsulphone, 1045. 

p-Methoxyphenacylbenzyldimethylam- 
monium bromide and picrate, 1929. 

5-Methoxy-3-8-phenoxyethylindole, 331. 

5-Methoxy-3-8-phenoxyethylindole-2- 
carboxylic acid, and its ethyl ester, 
330. 

10-Methoxy-10-phenylanthrone, 1:8-di- 
chloro-, 

y-m-Methoxyphenylbutyric acid, 2314. 

4-(Methoxypheny]l)-2:6-dimethyl-1:4-di- 
hydropyridine-3:5-dicarboxylic acids, 
4-nitro-, ethyl esters, 1116. 

4-(3~- Methoxyphenyl)-2:6-dimethylpyrid- 
ine-3:5-dicarboxylic acid, 4-3-nitro-, 
ethyl ester, 1117. 

dl-a-m-Methoxyphenylethylmethyl- 
amine, 2515. 

1-Methoxy-3-phenyl-4-methylene-3:4-di- 
hydrophthalazine, 2’-chloro-4’-nitro-, 
18. 

7-Methoxy-2-phenyl-3-methyl-4-3’- 
indolylvinylbenzopyrylium chloride, 
259. 

1-Methoxy-3-phenyl-2’-methyl-4-methyl- 
ene-3:4-dihydrophthalazine, 4’-nitro-, 
481. 

a - wreenermsinoE eer wae acid, 


4-Methoxyphthalide, 6-nitro-3-hydroxy-, 
and its acetyl derivative, 1372. 
Tees hydrate, 4-chloro-, 
1985. 
Methoxyquinolines, amino- and nitro-, 
and their salts, 2625. 
4’-Methoxy-2-styrylchromone, 933. 
4’-Methoxy-2-styryl-3-methylchromone, 
7-hydroxy-, and its acetyl derivative, 
928. 
4’-Methoxy-2-styryl-3-methyl-1:4-a- 
naphthapyrone, 928. 
career emt. 


Methoxy-1:2:3:4:-tetrahydroquinolines, 
5-amino-, 2625. 

6-Methoxydithiobenzoic acid, 1795. 

ot ipemeeaeectmarness 7-hydroxy-, 

4-Methoxythioxanthone, 1:8-dihydroxy-, 
and its diacetoborate, 1796. 

1{4-Methoxy-m-toly})-yclobexanol, 


— :8:4-trimethylcinnamic acid, 


5-Methoxy-1:2:3-trimethyl-3-f-phenoxy- 
ethylindoleninium salts, 329. 





Methoxyxanthones, 1-hydroxy-, deriv- 
atives of, 1797. 
Methyl fluoride, physical constants of, 
2180. 


sulphide, dipole moment of, 2819. 

Methylacetanilide, additive compounds 
of, with boron trifluoride, 1496. 

p-Methylacetophenone, w-iodo-, 1154. 

3-Methylacetophenone-2-carboxylic 
acid, derivatives of, 2810. 

a-Methylaconitic acid, and its hydroxy- 
anhydride, 1093. 

y-Methylaconitic acid, a-cyano-, ethyl 
ester, 1 

4-Methylaminoveratrole, 548. 

a apmeecer ae derivatives of, 
1356. 

4-Methylanilinosulphonylphenyl 2- 
naphthyl ether, 1045. 

Methyl-p-anisidine, nitroso-, 1814. 

N-Methylazotropinone, and its deriv- 
atives, 2485. 

CS acid, methyl ester, 
1679. 

ee 2:4-dihydroxy-, 


Methyl-1:2-benzanthracenes, 470. 
Methyl-1:2-benzanthraquinones, 470. 
ee 2:4-dihydroxy-, 
1693. 
5-Methylbenzophenone, 
acetyl derivative, 1183. 
4’-Methylbenzoyl-3-aminobenzoyl-f- 
naphthylamine-4:6:8-trisulphonic acid, 
3’-nitro-, sodium salt, 1911. 
4’-Methylbenzoyl-3-a mino-4-methyl- 
benzoyl-8-naphthylamine-4:6:8-tri- 
sulphonic acid, 3’-nitro-, sodium salt, 
1911. 
4-Methylbenzoyl-8-naphthylamine- 
4:6:8-trisulphonic acid, 3-amino-, 3’- 
nitrobénzoy! derivative, and 3-nitro-, 
sodium salts, 1910. 
m-Methylbenzylamine benzoate, 701. 
Methylbenzylaniline, 2:4-dinitro-, 1357. 
Methylbenzyldimethylamines, salts, 66. 
m=-Methylbenzylidenebenzylamine, 703. 
Methylbromomalonamide, 2782. 
Meithylneobrucinium salts, 779. 
Methylbutylamines, and their deriv- 
atives, 1354. 
Methylisobutylaniline, 
1355. 
= “a iemreormerareetet ti and its 
salts, . 
p-Methylcarbonatobenzanilide, 646. 
a-Methylcitric acid, ethyl ester, 1091. 
N-Methylcytisamides, 2780. 
a-Methyl-(rans-decahydronaphthylidene- 
2-acetone semicarbazone, 2146. 
9-Methyl-4*-decalene-4:6-dione-2-carb- 
oxylic acid semicarbazone, 2755. 


2-hydroxy-, 


2:4-dinitro-, 


en 
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Methyldi-n-amylarsine, and its mercuri- 
chloride, 2285. 
&-Methyldibenzotetrahydropyrrocolin- 
ium salts, 2:3:11:12-tetrahydroxy-,795. 
Methyldibutylarsines, and their salts, 
2285. 
Methyldi-n-hexylarsine, and its mercuri- 
chloride, 2285. 
ge ary picrate, 
511. 
1-Methyl]-2:3-dihydroindole-5:6-quinone 
phenylhydrazone, 547. 
Methyl a-dimethylamino-n-butyl ketone 
picrate, 2611. 
Methyl a-dimethylaminoethyl 
picrate, 2610. 
8-Methyldiphenyl, 4-amino-, acetyl de- 
rivative, and 4:4’-dinitro-, 2247. 
4-Methyldiphenyl, nitration of, 1888. 
4-Methyldiphenyl, 3:5-dichloro-, and 
3:5-dichloro-4’-amino- and -4’-nitro-, 
1470. 
5-Methyldiphenyl, 2-hydroxy-, 1834. 
4- and 4’-Methyldiphenyls, amino-, and 
their derivatives, 1893. 
4-Methyldiphenylamine, 2’:4’-dinitro-2- 
amino-, and its 2-p-toluenesulphonyl 
derivative, 2359. 
4’-Methyldiphenylamine, 2’-bromo-2:4:6- 
trinitro-, 2364. 
5-Methyldiphenylamine, 2’:4’-dinitro-2- 
amino-, and its 2-p-toluenesulphonyl 
derivative, 2359. 
N-Methyldiphenylbenzamidine, and its 
salts, 648. 
N-Methyldiphenyl-p-bromobenzamidine, 
and its hydrochloride, 650. 
N-Methyldiphenyl-o-chlorobenzamidine, 
and its hydrochloride, 649. 
N-Methyldiphenyl-m-methoxybenzamid- 
ine, and its hydrochloride, 649. 
N-Methyldiphenylnitrobenzamidines, 
and their salts, 649. 
Methyldi-n-propylarsine, and its salts, 
2285. 
Methylene sulphate, constitution of, 86. 
Methyleneamines, cyclic, reduction pro- 
ducts of, 1353. 
2-Methylene-trans-decalin, 2130. 
6:7-Methylenedioxy-1-phenyl-3:4-di- 
ee eciineiemae acid, 
512. 
2(3’:4’-Methylenedioxystyryl)dimethyl- 
1:4-benzopyrones, 1684. 
2-(3’:4’-Methylenedioxystyry])-6-methyl- 
3-ethyl-1:4-benzopyrone, 1182. 
2-(3’:4’-Methylenedioxystyryl)methyl- 
ethylbenzopyrones, 1686. 
Methylene-eremophilone, 
2752. 
f-Methyl-f-ethylmalic acid, and its de- 
rivatives, 1223. 


ketone 


hydroxy-, 
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f-Methyl-f-ethyl-4y-isooctenoic _ acid, 
lactone of, 1086. 

7-Methyl-1-ethylphenanthrene, 2717. 

a ee acid, a-bromo., 


Methylethylsulphinebenzenesulphonyl- 
imine, 972. 
6-Methylflavone, and its 3-benzoyl de- 
rivative, 1183. 
Methylflavones, 1687. 
a-Methylglucofuranoside, 
and its derivatives, 2254. 
f-Methylglutaconic acid, a-substituted 
derivatives of, 1. 
a-Methyl-trans-hexahydrohydrindene- 
2-acetic acid, 2-hydroxy-, and its 
ethyl ester, 2161. 
a-Methyl-trans-hexahydrohydrindylid- 
ene-2-acetic acid, and its derivatives, 
2162, 2164. 
a-Methyl-irans-hexahydrohydrindylid- 
ene-2-acetone, and its semicarbazone, 
2165. 
a-Methyl-trans-hexahydroindenyl-2- 
acetic acid, and its ethyl ester, 
2163. 
Methylcyclohexane-1:l-diacetic acids, 
dissociation constants of, 1093. 
and a-mono- and aa’-di-bromo-, and 
a-bromo-a’-hydroxy- and their deriv- 
atives, 1054, 1060. 
Methylcyclohexane-1:l-dicarbamyl acet- 
w-imides, 1054, 1060. 
2-Methylcyclohexane-3:5-dione-1(2’ )- 
spiro-trans-hexahydrohydrindene, 
2166. 
Methylcyclohexanespiro-2’-methoxy- 
cyclopropane-2’:3’-dicarboxylic acids, 
and their derivatives, 1059, 1063. 
Methylcyclohexanespirocyclopropane- 
2’:3’-dicarboxylic acids, and their de- 
rivatives, 1056, 1061. 
a-Methylhexenoic acids, 2452. 
a-Methylcyclohexenylacetic acids, ethyl 
esters, 2460. 
a-Methyl-n-hexoic acid, 8-hydroxy-, and 
its ethyl ester, 2458. 
N-Methylhomogranatoline, and its de- 
rivatives, 1431. 
N-Methylhomogranatonine, and its de- 
rivatives, 1430. 
1-Methyl-4-(a-hydroxyisopropyl )cyclo- 
hexane-1-acetic-2-c-lactic acid, 2756. 
1-Methylindole, 5:6-dihydroxy-, and its 
diacetyl derivative, 548. 
a-Methylmannoside, X-ray structure of 
two forms of, 1844. 
1-Methyl-4-naphthaldehyde 
azone, 2016. 
1-Methylnaphthalene, nitration of, 2310. 
1-Methylnaphthalene, amino- and nitro- 
derivatives, 2312. 


crystalline, 


semicarb- 














mo-, 


yl- 


ine, 


ited 
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1-Methylnaphthalene, 2:4-diamino-, and 
its derivatives, 1830. 
4-bromo-, 2016. 
5-cyano-, 2722. 
6-Methyl-2-naphthoic acid, and _ its 
methyl] ester, 1788. 
<¢° (orehmeani Ts acid, 
2722. 
(tse rehome seman een a acids, 
249. 
y-(6-Methyl-2-naphthoyl)-4/-pentenoic 
acid, 1789. 
f-(4-Methyl-1-naphthoyl)propionic acid, 
and its derivatives, 2721. 
f-(6-Methyl-2-naphthoyl)propionic acid, 
and its methyl ester, 1787. 
6-Methyl-2-naphthyl a-bromoethyl 
ketone, 2249. 
y-(6-Methyl-2-naphthyl)butyric acid, 
1787. 
6-Methyl-2-naphthyl ethyl ketone, 2249. 
Methylnaphthylidene-w-nitrodimethyl- 
naphthalene, 2018. 
4-Methyl-l-naphthyl methyl! ketone, and 
its picrate, 2722. 
rt methyl ketone, 
722. 
a-Methyl-4°-trans-octahydronaphthyl-2- 
acetone semicarbazone, 2146. 
2-Methyloctahydrophenanthrene, 2524. 
2-Methylolbutane, 2-nitro-1:4-dihydr- 
oxy-, and its derivatives, 752. 
N-Methylpapaverolinium salts, 787. 
3-Methylcyclopentane-1:l-diacetic acid, 
atid mono- and di-bromo-, and -hydr- 
oxy-, and their derivatives, 1070, 
1077 
3-Methylcyclopentanespiro-3’:4’-diketo- 
cyclopentane-2’:5’-dicarboxylic acid, 
methyl ester, and its semicarbazone, 
1078. 
3-Methylcyclopentanespiro-2’-methoxy- 
Ch acids, 
76. 


3-Methylcyclopentanespirocyclopentane- 
diones, and their derivatives, 1078. 

&Methylcyclopentanespirocyclopropane- 
2’:3’-dicarboxylic acids, and their de- 
rivatives, 1071. 

3-Methylcyclopentan-l-ol-l-acetic acid, 
and its derivatives, 1075. 

O-Mothpicgelopentanene cyanohydrin, 
074. 


Ba a omer acid, 
075. 


p-Methylphenacylbenzyldimethyl- 
ammonium bromide and picrate, 1929. 

a-Methylphenacylbenzyldimethyl- 
ammonium iodide, 1937. 

9-Methylphenanthrene, 2720. 

Methylphenanthrenes, and their deriv- 
atives, 1125. 


5EBE2 





9-Methylphenanthridines, amino- and 
nitro-, 2227. 
2-Methyl-3-8-phenoxyethylindole, 319. 
Methyl-8-phthalimidoethylearbinyl 
hydrogen phthalate, 309. 
Methyl-f-phthalimidoethylmalonic acid, 
and its esters, 316. 
cis-a-Methyl-48-propene-ay-dicarboxylic 
acid, 2448. 
3-Methyl-4*-~cyclopropene-1:2-dicarb- 
oxylic acid, ethyl ester, and its pyr- 
azolone, 2563. 
B-Methyl-48-propene-acy-tricarboxylic 
acid, ethyl ester, reactions of, 1034. 
Methyl m-propyl ketone 2:4-dinitro- 
phenylhydrazone, 2610. 
1-Methyl-7-isopropylphenanthrene. See 
Retene. 
a=-Methylsorbic acid, catalytic hydrogen- 
ation of, 435. 
O-Methyl-)-strychnine methiodide, 2309. 
N-Methylchano-~/-strychnine, and its 
derivatives, 2309. 
Methylneostrychninium salts, 771. 
N-Methyl-O-tetrabenzoylpapaverolinium 
chloride, 788. 
4-Methyl-1:2:3:4-tetrahydrophen- 
anthrene, 4-hydroxy-, and its picrate, 
1131. 
dl-4-Methyl]-1:2:3:4-tetrahydroquinoline, 
6-amino-, dipicrate, 2624. 
‘“* Methylthioformaldin,” preparation of, 
1145 


2-Methylthiolacetophenone, and _ its 
phenylhydrazone, 230. 

Methylthionaphthindoles, 229. 

Methyltri-n-amylarsonium antimony! d- 
tartrate, 1818. 

Methyltri‘sobutylstibonium salts, 1816. 

Methyltriethylarsonium antimonyi d- 
tartrate, 1818. 

Methyltri-n-propylarsonium antimony! 
d-tartrate, 1818. 

Methyltri-n-propylstibonium antimonyl 
d-tartrate, 1818. 

a-Methylxyloside, crystal structure of, 
2535. 

B-Methylxyloside, X-ray structure of, 
138. 


d- and l-Miotines, preparation of, 2513. 

Molecular dissymmetry dependent on 
restriction of rotation, 2209. 

Morphine group, 785, 789. 

Mucochloric acid, preparation of, 264. 

Myristicin, derivatives of, 1281. 


N. 
1-Naphthaldehyde, 4-amino-, 2312. 


Naphthalene derivatives, peri-substit- 
uted, reactivity of, 175, 2728. 
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Naphthalene, a-fluoro-, parachor of, 760. 
Naphthalic acid, /-menthyl hydrogen 
ester, rotation of, in polar and non- 
polar solvents, 1409. 
l-menthyl methyl ester, rotation of, in 
mixed solvents, 1400. 
«ap leap nat nee Bera 
84. 
1’:3’-Naphtha-3:4-pyren-5-one, 1484. 
1’:3’-Naphtha-3:4-pyren-5-one-10-carb- 
oxylic acid, and its methyl ester, 
1484. 
l1-Naphthoic acid, 8-bromo-, and its 
derivatives, and 8-chloro-, 178. 
8-halogeno-derivatives, replacement of 
halogen in, 2728. 
7-hydroxy-, 2716. 
8-nitro-, displacement of nitro-group 
in, by thionyl halides, 175. 
2-Naphthol .l-sulphide, 3-bromo-, and 
3:3’-dibromo-, 639, 640. 
8-Naphthol-l-sulphonic acid, reaction of 
diazosulphonates from, 11, 473, 1118. 
f-Naphthoxyacetophenone, 2422. 
a-2-Naphthoxymethylmandelonitrile, 
2422. 
f-Naphthoylisobutyric acids, 1131. 
f-Naphthoylpropionic acids, 1129. 
B-Naphthylamine, 1:3-dibromo-, 2732. 
f-Naphthylamine-4:6:8-trisulphonic 
acid, 3-nitrobenzoyl derivative, sod- 
ium salt, 1911. 
f-Naphthylchloroantimonic acid, am- 
monium salt, 1817. 
meee: and its salts, 
2289. 


1-Naphthylhydrazine, 4-bromo-, 2195. 

1-Naphthyl-4’-methanesulphonylphenyl- 
sulphone, 2-hydroxy-, 1044. 

y-Naphthyl-a-methylbutyric acids, 1132. 

1-Naphthyl-4’-methylthiolphenylsul- 
phone, 2-hydroxy-, 1044. 

1-Naphthylphenylsulphone, 2-hydroxy-, 
derivatives of, 1043. 

f-Naphthylstibinous oxide, 1817. 

f-Naphthylstibonic acid, 1817. 

1-Naphthyl-4’-thiolphenylsulphone, 2- 
hydroxy-, 1044. 

Nickel, adsorption of hydrogen on, 1532. 

Nickel bases (nickelammines), salts of, 
2928. 

Nickel compounds, complex diamag- 
netic, pases configuration of, 246. 

Nickel phosphides, 2543. 

Nickel organic compounds :— 
Nickel carbonyl, action of phosphorus 

on, 2543. : 

Nicotine, properties of, and its deriv- 
atives, 1613, 1623. 

Niobium :— 

Niobic acid, physical chemistry of, 
2265. 








INDEX OF SUBJECTS. 






Nitriles, unsaturated, analysis of, 443. 
Nitro-compounds, reduction of, by 
aldehydes, in ethyl alcoholic potash 
solutions, 884. 
aliphatic, action of. phenylhydrazine 
and of thiourea with, 534. 
Nitroform, potassium salt, preparation 
of, 542. 
Nitrogen, active, 142, 153. 
Nitrogen dioxide, surface tension and 
density of, 889. 
di- and tetra-oxides, equilibrium of, 
826. 
oxides, dissociation of, as analogous to 
benzidine change, 711. 
Nitrous acid as a nitrating agent, 1812. 
Hyponitrites, 2589. 
Nitrosoamines, recovery of secondary 
bases from, 711. 
Nitroso-compounds, polarisation mea- 
surements with, 2239. 
Nitroso-groups, orienting power of, 742. 
Norconessine, and its derivatives, and 
dihydroxy-, 633. 
d-Nor--ephedrine, derivatives of, 1133. 
dl-Noreserethole, and its salts, 313. 
dl-Noresermethole, 1437. 
isoNorlupinene, 2968. 


oO. 


Obituary notices :— 
Sir Hugh Bell, Bart., 1325. 
Henry Burgess, 2978. 
Alfred Chaston Chapman, 2980. 
Holland Crompton, 2987. 
Thomas Gray, 2989. 
John Albert Hall, 2992. 
Matthew Moncrieff Pattison Muir, 
1330. 
John Baldwin Shoesmith, 1334. 
James Wallace Walker, 2993. 
Charles Edward Whiteley, 2997. 
Winifred Mary Wright, 2998. 
Octadecane, equilibrium of, 
hexadecane, 737. 
Octadecyl iodide, equilibrium of, with 
hexadecyl iodide, 737. 
A?.-trans-Octahydronaphthalene-2-acetic 
acid, ethyl ester, 2133. 
4A?-Octahydronaphthalene-2-a-propionic 
acid, and its derivatives, 2142, 2144. 
A?-trans-Octahydronaphthyl-2-acetone, 
and its semicarbazone, 2136. 
trans-Octahydronaphthyl-2-trans-B- 
decalone, and its derivatives, 2128. 
Octahydrophenanthrene, 2523. 
Octahydropyridocolines, and their picron- 
olates, 2965. 
Octahydropyrrocoline, 2969. 
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d-B-Octanol, action of phosphorus chlor- 
ides and oxychloride on, 108. 

Olefinie compounds, reactions of, 2062. 

Olive oil, effect of hydrogenation on 
glycerides of, 805. 

Optical inversion, Walden’s, 2931. 

Optically active compounds, influence of 
solvents and other factors on rotation 
of, 1715, 1725. 

Organic compounds, rotatory dispersion 
of, 2654. 

paramagnetic, 170. 
determination of sulphur in, 2357. 

Oxidation of hydrocarbons, 661, 676. 

electrolytic. See under Electrolytic. 

Oximes, nitration of, 30. 

Oxonium phosphates, 2917. 

Oxygen, thermionic emission during 
catalytic combination of carbon 
dioxide and, on platinum, 1544. 

rise of pressure in combustion of gases 
with, 339. 
flame speeds during inflammation of 
mixtures of carbon monoxide and, 
1835. 
Oxymethoxybenzyldihydronecostrychnid- 
ines, 491. 
Oxymethoxymethyldihydroneostrychnid- 
ine, 495. 
Oxymethylenecamphor, rotation—disper- 
sion of, 1715. 

Oxymethylecostrychnidinium salts, 496. 

Oxyneostrychnidine, 492. 

3-Oxy-1-thionaphthen 1-dioxide pheny!l- 

hydrazone, 229. 
3- Oxy-1-thionaphthens, thionaphth- 
indoles from, 227. 

Ozone, action of light on mixtures of, 

with chlorine, 599. 
decomposition of, in carbon tetra- 
chloride, 99. 


P. 


Palladium, chelate compounds of, 2328. 
Palladium bases (palladiwmammines):— 
Diamminopalladous hydroxide, 1908. 

Palladodiammines, supposed isomer- 
ism of, 1895. 

Tetramminopalladium salts, 1904. 

Tetramminopalladous hydroxide, and 
its salts, 1907. 

Palladium :— 

Palladous chloride, use of, as oxidising 
agent and as reagent for purine 
derivatives, 2231. 

Palmitic acid, ethyl ester, physical 

properties of, 1697. 

sipesencline, salts and derivatives of, 
6. 





Parachor, constitutive nature of, 2258. 
and chemical constitution, 760, 1492. 

Paramagnetism of an organic com- 
pound, 170. 

Passivity of metals, 2476. 

Pedler Lecture, 1582. 

Pelargonenin chloride, 2302. 

Pelargonin chloride, synthesis of, 2488. 

-Pelletierine, analogues of, 2485. 

Penta-acetyltetrahydropapaverine, 804. 

2:3:4:3’:4’-Pentamethoxy-w-benzoyl- 
acetophenone, 1110. 

Pentamethyl a-glucoheptono-y-lactone, 
structure of, 2481. 

y-2:3:4:5:6-Pentamethylpiperazine, and 
its derivatives, 1339. 

Pentane, oxidation of, 661, 676. 

isoPentane, oxidation of, 679. 

cycloPentanespiro-4:4-dimethylcyclohex- 
ane-3:5-dione, 1086. 

cycloPentane-l-malonolactone, 1-hydr- 
oxy-, 1226. 

Pentoses, methylated, formation of 
furfural from, 2621. 

Peonin chloride, synthesis of, 2488. 

Phenacylbenzyldimethylammonium 
salts, 61. 

Phenacylbenzyldimethylammonium 

salts, p-bromo-, 68. 
bromo-, p-chloro-, p-iodo-, and 
nitro-, 1930. 
a aaa rrmaieemernenes salts, 


Phenacylbromobenzyldimethylammon- 
ium salts, 63. 

Phenacylbromobenzyldimethylammon- 
ium salts, p-bromo-, 68. 

Phenacylehlorobenzyldimethylammon- 
ium salts, 62. 

Phenacyl-p-chlorobenzyldimethyl- 
ammonium salts, p-bromo-, 68. 

Phenacyliodobenzyldimethylammonium 
salts, 64. 

Phenacylmethoxybenzyldimethyl- 
ammonium salts, and p-bromo-, 65. 

Phenacyl-p-methylbenzyldimethyl- 
ammonium salts, p-bromo-, 68. 

Phenacylnitrobenzyldimethylammonium 
salts, 65. 

Phenacyl-m-nitrobenzyldimethyl- 
ammonium salts, p-brome-, 69. 

Phenacylphenyldiethylammonium 
bromide, m-nitro-, 1155. 

Phenacylpyridinium bromide, and m- 
nitro-, 1155. 

Phenanthrene, synthesis of, and its 
homologues, 2520. 

Phenanthridine, nitrates of, and 
9-amino-, and its acetyl derivative, 
2230. 

Phenanthridine series, 2225. 

4-Phenetidinoethoxyquinaldine s, 1986. 


> aaa aie a 
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4-Phenetidinomethoxyquinaldines, and 
their salts, 1985. 

4-Phenetidinoquinaldines, and _ their 
salts, 1985. 

Phenetoles, nitro-, reduction and hydro- 
lysis of, 2955. 

Phenol, 2:4-dibromo-3-iodo - 6 - nitro-, 
2:6-dibromo-3-iodo-4-nitro-, 2:4:6- 
tribromo-3-iodo-, and 2:3:6-tri- 
bromo-4-nitro-, 505. 

mono-, di-, and tri-chloro-3-iodo-, and 
m-iodo-, and their derivatives, 
2858. 

2-chloro-4-nitroso-, preparation of, 
and its derivatives, 868. 

3-fluoro-4:6-dibromo- and 3-fluoro- 
2:4- and -4:6-dibromo-2- and -6- 
nitro-, 274. 

thio-, dipole moment of, 2812. 

Phenols, rates of chlorination of, 1979. 

nitrosation of, 866, 869. 

condensation of, with a-formylpheny!l- 
acetonitriles, 2420. 

Phenols, bromo-, replacement of 
bromine in, by nitro-groups, 273, 
503. 

iodo-, chlorination of, 2857. 
nitroso-, reactions of, 1395. 
Phenolic compounds, reactions of, with 
hexamethylenetetramine, 1987. 
w-Phenoxyacetophenone, 3’-iodo-, 2859. 
Phenoxybenzaldehydes, dinitro-, and 
their derivatives, 955. 
2-Phenoxy-3-ethoxybenzaldehyde, 
2-2’:4’-dinitro-, methylphenylhydr- 
azone, 955. 
3-8-Phenoxyethyl-4-methylpyridine, 
2:6-dihydroxy-, 2019. 
8-Phenoxy-l-naphthoic acid, 2732. 
of Yapenmaca trace matescoitt 


i lamaeamaal tance ait 


p-Phenoxyphenyldiethylphosphine, 2882. 
ape keaerm errant 
882, 


p-P henoxyphenyldi-n-propylphosphine, 
and its methiodide, 2882. 
p-Phenoxyphenylmethyldi-n-butylphos- 
phonium salts, 2883. 
p-Phenoxyphenylmethyldiethylphos- 
phonium salts, 2882. 
p-Phenoxyphenylmethyldi-n-propylphos- 
phonium chloroplatinate, 2882. 
p-Phenoxyphenylphosphorie acid, mono- 
hydrate, 2881. 
p-Phenoxyphenyltrimethylphosphonium 
salts, 2882. 
y-Phenoxypropylacetone, and its semi- 
carbazone, 318. 
4-Phenoxytoluene-3-sulphinic acid, 4-p- 
nitro-, 1491. 





Phenyl benzyl ethers, o-amino-, and 
o-nitro, 2879. 
isocyanide, p-amino-, 1416. 
isopropyl ethers, 3-amino-, 3-chloro- 
4-nitro-, 3-nitro-, and 4-nitro-3- 
amino-, and their derivatives, 872. 
p-tolyl ether, p-nitro-, 1491. 
Phenylacetalylthiocarbamide, 1808. 
Phenyl-2-acetamido-l-naphthyl sulph- 
oxide, o-nitro-, 2776. 
2-Phenylacetamido-l-naphthylmethyl- 
sulphone, 2-o-nitro-, 2777. 
Phenyl-2-acetamido-1-naphthylsulph- 
one, o-nitro-, 2776. 
2-Phenylacetyl-l-naphthol, and its de- 
rivatives, 920. 
Phenyl-4-aldehydo-1-naphthy] ether, 2:4- 
dinitro-, 955. 
Phenylalkylsulphones, nitration of, 1445. 
2-Phenylamino-l-naphthyl disulphide, 
2-o-nitro-, 2777. 
2-Phenylamino-1-naphthylmethylsulph- 
one, 2-0-nitro-, 2777. 
2-Phenylaminonaphthyl-1-sulphinic 
acid, 2-o-nitro-, 2777. 
Phenyl-2-amino-l-naphthylsulphone, o- 
nitro-, 2776. 
10-Phenylanthrone, 1:8-dichloro-10- 
bromo-, 508. 
Phenylarsenoxide, 4-amino-2-hydroxy-, 
4-acetyl derivative, 2509. 
Phenylarsinic acid, p-amino-, derivatives 
of, 276. 
N-Phenylbenzimino-o-chlorophenyl 
ether, o-chloro-, 1777. 
N-Phenylbenzimino-3:5-dichlorophenyl 
ether, 3:5-dichloro-, 1773. 
N-Phenylbenziminopheny! ether, 3:5-di- 
chloro-, 1773. 
2-Phenylbenzopyrylium salts, bromo-, 
6-bromonitro-, chloro-, and chloro- 
nitro-, 1990. 
Phenylbenzylamine, 2:4-dinitro-, 2364. 
Phenyl benzyl ketone nitrophenylhydr- 
azones, 2874. 
Phenyl a-bromoethyl ketone, m-nitro-, 


1-Phenyl-4-butyleyciohexane-3:b-dione, 
85. 


Phenyl-n-butylsulphone, and its nitro- 
derivatives, 1448. 
a-Phenylcinnamaldehyde, preparation 
and derivatives of, 748. 
Phenyldichloroarsine, 3-amino-4-hydr- 
oxy-, hydrochloride, 2509. 
N-Phenyl-N ’-o-chlorophenyl-o-phenyl- 
enediamine, benzoyl! derivative, 1777. 
8-Phenylcoumarin, 6:7-dihydroxy-, and 
its diacetate, 2421. 
Phenyldi-n-amylarsine, 2289. 
1-Phenyl-4:4-dibenzylcyclohexane-3:5-di- 
one, 1085. 
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Phenyldibenzylmethylammonium brom- 
ide, 1938. 
Phenyldiethylarsinehydroxy-p-toluene- 
sulphonamide, 968. 
3-Phenyl-1:3-dihydrophthalazine-4- 
acetic acid, 1-hydroxy-3-2’-chloro-4’- 
nitro-, and its derivatives, 14. 
3-Phenyl-1:3-dihydrophthalazine-1- 
sulphonic-4-acetic acid, 3-2’-chloro-4’- 
nitro-, sodium hydrogen salt, 13. 
3-Phenyl-2-(3’:4’~dimethoxystyryl)-1:4- 
a-naphthapyrone, 929. 
4-Phenyl-2-p-dimethylaminostyrylquin- 
azoline methiodide, 257. 
4-Phenyl-2-p-dimethylaminostyrylquin- 
oline ethiodide and methiodide, 257. 
Phenyldimethylarsine, p-bromo-, 2287. 
1-Phenyl-3:4-dimethyl-4:5-dihydropyr- 
azole, 2’:4’-dinitro-, 2671. 
4-Phenyl-2:6-dimethyl-1:4-dihydropyrid- 
ine-3:5-dicarboxylic acids, 4-nitrohydr- 
oxy-, ethyl esters, 1117. 
3-Phenyl-1:3-dimethylindolinone, 
nitro-, 323. 
3-Phenyl-2’:4-dimethylphthalaz-l-one, 
4’-amino-, 4’-nitro-, and their deriv- 
atives, 481. 
N-Phenyl-2’:3-dimethylphthalimidine, 
4’-amino-, and its acetyl derivative, 
482. 
4-Phenyl-2:6-di-(m-nitro-p-piperidino- 
phenyl)pyranol, 4-p-nitro-, 2902. 
Phenyldi-n-propylarsine, 2289. 
4-Phenyl-2:6-di-p-tolylpyranol, 2901. 


and 


4-Phenyl-2:6-di-p-tolylpyrylium _salts, 
and their nitration, 2901. 
a-Phenylethyldimethylamines, a-m- 
hydroxy-, and their derivatives, 
2518. 

B-Phenylethyldimethylarsine, and _ its 
hydroxybromide, 2288. 
2-8-Phenylethylcyclohexanol, and _ its 


phenylmethane, 2523. 
2-B-Phenylethylcyclohexanol-2-carb- 

oxylic acid, ethyl ester, 2524. 
2-8-Phenylethylcyclohexanone, : 2523. 
2-£-Phenylethylcyclohexanone-2-carb- 

oxylic acid, ethyl ester, 2523. 


a-Phenylethylmethylamine, a-m-hydr- 
oxy-, resolution of, 2513. 
p-Phenylethylmethylamine, B-3:4-di- 


hydroxy-, oxidation of, with silver 
oxide, 546. 
Se nett -encthyeehenninet 


2-8-Phenylethyl-4-methylcyclohexanone, 
and its semicarbazone, 2524. 
2-8-Phenylethyl-4-methylcyclohexanone- 
2-carboxylic acid, ethyl ester, 2524. 
Phenylethylsulphone, o-nitro-, 1449. 
p-Phenylethyltrimethylarsonium salts, 
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f-Phenylglutaconic acid, a-cyano-, ethyl 
ester, 2449. 

f-Phenylglutaric acid, a-cyano-, ethyl 
ester, 1084. 

at aeenamenrrretiianan en 
2507. 


Phenylglycineamide-p-thioarsenious 
acid, esters, 2508. 
N-Phenylglycine-p-arsenoxide, 
ester, 2507. 
Phenylcyclohexanes, 2- and 4-amino-, 
and their derivatives, 2648. 
Phenylhydrazine, action of, on aliphatic 
nitro-compounds, 534. 
6-Pheny!-3-hydroxymethyl-3-methyl- 
tetrahydro-y-pyrone, 2671. 
Phenyl-2-hydroxy-l-naphthyl sulphide, 
4-thiol-, 1044. 
4-Phenyl-2-0-hydroxystyrylquinazoline 
methiodide, 257. 
4-Phenyl-2-p-hydroxystyrylquinoline 
ethiodide and methiodide, 257. 
Phenyl-4-hydroxy-m-tolyl sulphide, 4- 
nitro-, 1491. 
Phenyl-4’-hydroxy-m-tolylsulphone, 4- 
nitro-, 1491. 
4-Phenyl-2-3’-indolylvinylquinazoline 
methiodide, 259. 
4-Phenyl-2-3’-indolylvinylquinoline 
methiodide, 259. 
Phenylmagnesium bromide, action of, 
on 1-chloropiperidine, 1745. 
y-Phenylmethoxyacetic acid, resolution 
of, 338. 
2-Phenyl-1-p-methoxyphenylethylenes, 
2-nitro-, stereoisomeric, 1463. 
8-Phenyl-2-methoxystyryl-1: 4-a- 
naphthapyrones, 929. 
4-Phenyl-2-p-methoxystyryiquinoline 
ethiodide, 258. 
4-Phenylmethylamino-m-tolyl disulph- 
ide, 4-o-nitro-, 2776. 
4-Phenylmethylamino-m-tolylmethyl- 
sulphone, 4-o-nitro-, 2776. 
Phenyl-4-methylamino-m-tolylsulphone, 
o-nitro-, 2776. 
a-Phenyl-y-methyl-4 c-butene-£3-dicarb- 
oxylic acid, 9 
l-Phenylmethylcarbinol, conversion of, 
into d- and 1-a-chloroethylbenzenes, 
1232. 
4-Phenyl-6-methylcoumarin, 1182. 
4-Phenyl-7-methylcoumarin, and its de- 
rivatives, 1688. 
5-Phenyl-2-methyldihydroresorcinol, in- 
fluence of methyl group in, 1468. 
1-Phenyl-4-methyl-3-ethyl-4:5-dihydro- 
pyrrole, 2’:4’-dinitro-, 2672. 
1-Phenyl-4-methy]-4 ***-cyclohexadiene, 
3:5-dichloro-, 1470. 
1-Phenyl-4-methyl-4 3:5.cyclohexadiene, 
1471. 


methyl 
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1-Phenyl-4-methyl-4 ‘-cyclohexen-3-one, 
5-chloro-, 1470. 
1 eaeareeenEEN = errs 
922. 
3-Phenyl-4-methyl-1:2-a-naphthapyrone, 
924. 
5-Phenyl-4-methyl-2-oxazolidone, 1137. 
3-Phenyl-2’-methylphthalaz-l-one, 4’- 
amino-, and its acetyl derivative, 
478. 
4’-nitro-, and its picrate, 479. 
3-Phenyl-2’-methylphthalaz-4-one, 4’- 
nitro-, 482. 
3-Phenyl-4-methylphthalaz-l-one, 2’. 
chloro-4’-amino-, 2’-chloro-4’-nitro-, 
and their derivatives, 18. 
N-Phenyl-2’-methylphthalimidine, 4’- 
amino-, and 4’-hydroxy-, 478. 
N-Phenyl-3-methylphthalimidine, 2’: 
chloro-4’-amino-, and its acetyl deriv- 
ative, 19. 
f-Phenyl-a-methyl-44-propene-ay-di- 
carboxylic acids, ethyl esters, 2448. 


4-Phenyl-2-methylquinazoline meth- 
iodide, 257. 
2-Phenyl-1:4-8-naphthapyrone, and 


2-hydroxy-, 2422. 
Phenyl-2-naphthylamine, o-nitro-, 2777. 
Phenylnitrolic acid, o- and m-chloro-, 

40. 
1-Phenyl-2-m-nitrophenylethylene, 2- 

nitro-, and 2-nitro-l-p-nitro-, 1462. 


9-Phenylphenanthridine, 3-nitro-9-o- 
nitro-, 2228. 
3-Pheny!lphthalaz-l-one, 2’-chloro-4’- 


amino-, and its acetyl derivative, 
and 2’-chloro-4’-nitro-, 15, 17. 
N-Phenylphthalimidine, 2’-chloro-4’- 
amino-, and its acetyl derivative, 
16. 
1-Phenylpiperidine, preparation 
dinitration of, 1376. 
Phenylpiperidine, p-nitro-, preparation 
of, 1257. 
a-Phenyl-f-piperidinopropane, 
bromophenacylobromide, 2611. 
f-Phenyl-4£-propene-ay-dicarboxylic 
acid, a-cyano-, ethyl ester, 2450. 
a-Phenylpropionic acid, nitrile 
methylphenylhydrazide of, 324. 
2-8-Phenylpropionyl-l-naphthol, and its 
derivatives, 921. 
1-Phenyl-4-isopropylcyclohexane-3:5- 
dione, 1085. 
Phenylpropylsulphones, nitro-, 1448. 
2-Phenylquinoline, preparation of, 2807. 
3-Pheny!-2-styryl-1:4-a-naphthapyrone, 
and its dibromide, 923, 929. 
Phenylsulphonylacetone, 
1825. 
Phenylsulphonylbis( methylsulphonyl)- 
methane, 1825. 


and 


and 


4-chloro-, 
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Phenylsulphonylmethylthioacetic 
ethyl ester, 1824. 
Taga reer reese 
823. 
Phenylsulphonylmethylthiomethane, and 
4-chloro-, 1823, 1825. 
Phenylsulphonylphenylthioacetone, 1824. 
2-Phenyl-1:2:3:4-tetrahydronaphthalene, 
2-p-amino-, and its derivatives, and 
2-p-hydroxy-, 2653. 
a-Phenyl-8-(p-tetrahydronaphthyl- 
phenyl )thiocarbamide, 2653. 
3-Phenyltetrahydrophthalazine-4-acetic 
acid, 1-hydroxy-3-2’-chloro-4’-amino-, 
and its acetyl derivative, 15. 
4-Phenyl-2:6-pp’-tetramethyldiaminodi- 
styrylpyrylium ferrichloride, 259. 
Phenylthioarsenious acid, 3-amino-4- 
hydroxy- and 4-amino-2-hydroxy., 
4-acetyl derivative, esters, 2509. 
3-amino-4-hydroxy-, 3-acetyl deriv- 
ative, di-p-tolyl ester, 4-amino-3- 
hydroxy-, and its 4-acetyl. deriv- 
ative, dicarboxymethyl esters, and 
4-chloro-3-nitro-, di-p-tolyl ester, 
1369. 
3-Phenyl-1:2:3-trimethylindoleninium 
salts, 322. 
y-Phenylvaleric acid, a-cyano-f-imino-, 
ethyl ester, 1831. 
eet ether, p-bromo-, 
2881. 


acid, 


Phosphorus, action of, on nickel carb- 
onyl, 2543. 
Phosphorus pentachloride, action of, 
on acetanilide, 1138. 


chlorides, dielectric constants of, 
207. 
trihydride, ultra-violet absorption 


spectrum of, 2847. 
Phosphorus organic compounds :— 
Phosphoric acid, esters, viscosity of, 
985. 
Photochemistry, primary processes in, 
1518. 


Phthalic acid, dicreatinine salt, 2200. 
B-aminoethyl ethyl ester, 316. 
5-Phthalimido-a-acetyl-$-methylvaleric 
acid, ethyl ester, 309. 
Prenat ahem tier o 
5-Phthalimido-a-keto-$-methylvaleric 
acid, ethyl ester, p-ethoxyphenyl- 
hydrazone, 309. 
marr atc eteee wr fr acid, 
Phthalo-m-bromobenzylimide, and_ its 
derivatives, 701. 
Phthalo-y-bromobutylimide, 308. 
Phthalo-y-hydroxybutylimide, 308. 
Phthalo-m-iodobenzylimide, 702. 
Phthalo-f-piperonylethylimide, 2512. 
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NN-Phthaloyldinoreserethole, 312. 
Phthalylbenzidine, configuration of, 
1294. 


Physostigmine. See Eserine. 

Picralima klaineana, alkaloids of, 2759. 

Picric acid, solubility of, in mixed 

solvents, 881. 
Picryl chloride, compound of, with 
benzene, 1530. 

Pimanthrene, synthesis of, 1784. 

d-Pimarie acid, constitution of, 2717. 

4-Piperazylacridone, 1-chloro-, 2773. 

Piperidine, 1-chloro-, action of, on 

phenylmagnesium bromide, 1745. 
Piperidinobenzanthrone, 1262. 
Piperidino-as-af-dinaphthazine, 1259. 
4’-Piperidinodiphenyl, 4-chloro-2:3’:5’- 
trinitro-, 296. 

4-Piperidinonaphthalene, l-amino-, and 
its benzoyl derivative, and 1-nitro-, 
1258. 

8-Piperidinoquinoline, 5-amino-, and 
its acetyl derivative, and 5-nitro-, 
2105. 

2- and 5-Piperidinoquinolines, 8-nitro-, 
1261. 

5. Piperidinoquinoline-8-arsonic acid, 
6-nitro-, 2107. 

4-Piperidylacridone, 1-bromo-, and 1- 
chloro-, 2773. 

§-2-Piperidyl-n-butyl alcohol, 2965. 

2-Piperidyl-5-nitroaniline, 2773. 

Piperitone, bromo-, 1422. 

1-8-Piperonylethylnorhydrastinine, and 

its methiodide, 2512. 
B-Piperonylethylphthalamic acid, 2512. 
B-Piperonylpropiono-f-3':4’-dimethoxy- 
phenylethylamide, 2511. 
B-Piperonylpropiono-f-piperonylethyl- 
amide, 2512. 
Platinum, valency of, 2216. 
adsorption of hydrogen on, 1532. 
chelate compounds of, 2328. 

Platinum bases (platinumammines), 
amino-compounds of chloroamines 
of, 2948. 

Diamminoplatinous _ halides and 
hydroxides, 988. 
Plato-tetrammines, anomaly in, 2975. 
Tetramminoplatinous chloride, crystal- 
line structure of, 1912. 
dihalides, 1004. 
Tetramminoplatinum chloropalladite, 
1905. 

Platinum :— 

Platinous chloride, ammonia com- 
pounds of, 2527. 

Platinum cathodes. See under Cathodes. 

Plumbimandelic acid, sodium salt, 43. 

Plumbisalicylic acid, sodium salt, 43. 

Polarisation, dielectric, 2812. 

electrolytic, 2849. 





Polarity of the co-ordinate link, 958. 
Polyhalides, 2031. 
Polysaccharides, 2270, 2277, 2368, 2372, 
2375, 2384, 2389. 
Potassium dibromoiodide hydrate, 586. 
carbonate, equilibrium of, with am- 
monia and water, 1603. 
fluoborate and permanganate, equili- 
brium of water and, 384. 
polybromide, solid, 1694. 
nitrate, equilibrium of, with lead 
nitrate, 874. 
with lead and sodium nitrates, 
2582. 
Potential, difference of, at liquid— 
liquid junctions, 179. 
Potentiometer, thermionic, 2812. 
Praseodymium selenate, solubility of, 
in water, 2410. 
Propenetricarboxylic acids, ethyl esters, 
1032. 
Propionic acid, specific heat of aqueous 
solutions of, 2413. 
y-Propionyl-8f-dimethylbutyric _— acid, 
synthesis of, and its derivatives, 
1081. 
1-Propionylmethylcyclohexane-1-acetic 
acid, and its derivatives, 1087. 
1-Propionylmethylcyclopentane-1-acetic 
acid, and its derivatives, 1086. 
y-Propionyl-8-phenylglutaric acid, and 
its derivatives, 1084. 
Propiophenone 2:4-dinitrophenylhydr- 
azone, 2611. 
3-isoPropoxydimethylaniline, and 4- 
nitroso-, and: its hydrochloride, 
873. 
5-Propoxy-1:1-dimethyl-4‘-cyclohexen- 
3-ones, 1083. 
8-Propoxy-l-naphthoic acid, 2732. 
3-isoPropoxyphenols, nitro-, and 
nitroso-, 870. 
n-Propyl hyponitrite, 2595. 
mercaptan, dipole moment of, 2812. 
sulphide, dipole moment of, 2819. 
isoPropyl-1:2-benzanthracenes, 463. 
isoPropyl-1:2-benzanthraquinones, 
464 


4-isoPropylcyclohexan-1-one-2-carb- 
oxylic acid, ethyl ester, 2799. 

1-isoPropylnaphthalene, and its picrate, 
466 


6-isoPropyl-2-naphthoie acid, and its 
methyl ester, 1791. 

4’-isoPropyl-1’-naphthoyl-2-benzoic acid, 
467. 

B-(6-Propyl-2-naphthoyl)propionic acids, 
1790. 


y-(6-isoPropyl-2-naphthyl)-44-pentenoic 
acid, 1791. 

y-isoPropylpimelic acid, ethyl ester, 
2799 
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4-isoPropyl-2-( B-o-tolylethyl)cyclo- 
hexan-l-ol-2-carboxylic acid, 
ester, 2800. 

4-isoPropyl-2-( 8-o-tolylethyl)cyclo- 
hexan-l-one-2-carboxylic acid, ethyl 
ester, 2799. 

Protoactinium, chemical properties of, 
987. 

Purine derivatives, palladous chloride 
as reagent for determination of, 2231. 

Purpureochromichloride, chloro-, con- 
version of, into roseochromichloride, 
101. 

Pyridine, dehydrogenation of, by an- 

hydrous ferric chloride, 20. 

mercuration of, 1263. 
arsenicals containing, 1497. 
triiodomercurate, 1264. 
methylenosulphate, 90. 

a-Pyridinoquinolinoplatinous 
2220. 

B-2-Pyridoylpropionic acid, ethyl ester, 
and its picronolate, 2965. 

Pyridyl-3-arsonic acid, and its hydro- 
chloride, 1499. 

y-2-Pyridylbutyric acid, ethyl ester, 
2965. 


ethyl 


chloride, 


3-Pyridylchloroarsine hydrochloride, 
1499. 
5-(3-Pyridyl)pyrazole, 4-nitro-, and its 
salts and derivatives, 2768. 
Pyrocatechol (catechol) 2-benzyl ether, 
4-nitro-, 2879. 
dibenzyl ether, and 4-amino-, and its 
acetyl derivative, and 4-nitro-, 2878. 
Pyrogallol, trimethyl ether, 4-iodo-, 
2877. 
Pyroguaiacin methyl ether, and its 
picrate, 1485. 
Pyroterebic acid, purification of, 124. 


Q. 


Quinaldine isopropiodide, 258. 

Quinoline, action of, with benzalde- 
hyde, 2666. 

arsenic compounds of, 2104, 2196. 
methylenosulphate, 91. 

Quinoline, 8-bromo-5-amino- and 8- 
chloro-5-amino-, and their acetyl 
derivatives, 2106. 

6:8-dinitro-3-amino-2-hydroxy-, 783. 
eeirineline derivatives, synthesis of, 
510. 
n- and iso-Quinolines, dipole moments 
of, 2810. 


Quinoline-2-aldehyde, preparation of, 


and its derivatives, 723. 
Quinolinearsonic acids, 
derivatives of, 2104. 


synthesis of 
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Quinolinearsonic acids, 8-bromo-, 5. 
chloro-, 5-chloro-6-nitro-, and 6-nitro- 
5-hydroxy-, 2106. 

Quinoline-4-carboxylic acid, 6-nitro-2:3- 
dihydroxy-, 784. 

2-Quinolylacetalylthiocarbamide, 1809. 

Quinolylpiperidine, 8-nitro-, 1261. 

2-(2’-Quinolylstyryl)quinoline, 6-amino., 
and its acetyl derivative, metho- 
chlorides of, 723. 

Quinolyl-3-urethane, 6:8-dinitro-2-hydr- 
oxy-, 783. 


R. 


Raoult’s law, deviations from, 566. 
Rays, cathode, synthesis of ammonia 
and hydrazine by, 1158. 
Reactions, bimolecular, kinetics of, 230. 
Resin acids, 2520, 2798. 
Resorcinol derivatives, substitution in, 
524. 
dimethyl ethers, 2:4-diamino-, 2- 
mono-, and 2:4-di-nitro-, 2878. 
3-methyl ether, 2:4-dibromo-6-nitro-, 
274. 
6-nitro-, bromo-derivatives, 525. 
isopropyl! ether, 870. 
Resorcinol-2:4-dialdehyde, 
of, 2878. 
Retene, synthesis of, 1784, 2798. 
Rhenium, parachor of, 2673. 
oxychloride, 1104. 
Thioperrhenates, 2811. 
isoRhizonic acid, syntheses of, and its 
derivatives, 1675. 

Rissic acid, synthesis of, 1380. 
Rotation of optically active compounds, 
influence of solvents on, 1715, 1725. 
Rotenone, synthesis of, and its deriv- 

atives, 1380. 
Rubber, production of isoprene from, 


preparation 


Salicylaldehyde 
azone, 955. 
Salicylic acid, methyl ester, B-vicianos- 
ide of, and its hexa-acetyl derivative, 

2770. 

Salicylideneacetophenones, mono- and 
di-bromo-, and mono-, di-, and tri- 
chloro-, 1990. 

magna agra ets 


methylphenylhydr- 


Salieylidene-p-ehloroacetophenone, 
1990. 
Salinigrin, composition of, 721. 











itro- 


2:3. 


no-, 
tho- 


‘dr- 
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Salts, complex, 1766. 
Selenium hydride, physical properties 
of, 972. 
dioxide, oxidation by, 1875, 2342. 
Selenic acid, equilibrium of, with 
cupric selenate and water, 1560. 
Selenobisacetaldehyde di-p-nitrophenyl- 
hydrazone, 2486. 
Selenobisdiethylacetal, 2486. 
Selenotropinone, and its dipiperonyl- 
idene derivative, 2485. 
Silicon organic compounds, 2200, 2205. 
Silver bases (silver ammines), electro- 
lysis of, 2849. 
Silver compounds, magnetism and 
valency of, 161. 
Silver nitrate, equilibrium of, with lead 
nitrate, 2713. 
Silver ions, reduction of, by ferrous ions, 


Sodium chloride, electrolysis of, 2497. 
nitrate, equilibrium of, with lead 
nitrate, 874. 
with lead and potassium nitrates, 
2582. 
thiosulphate, electrolytic oxidation of, 
2345, 2800. 
Solutions, adsorption at surfaces of, 
2089, 2097. 


aqueous, capillary activity in, 419. 
Solvents, dipole moments of, 2332. 
action of, F400, 1409, 2332. 
Sorbic acid, catalytic hydrogenation of, 
434. 


addition of hypochlorous acid to, 
2072. 


Spectra, infra-red, and structure of 
tautomeric compounds, 1189. 
Steel. See under Iron. 
Stereochemistry, 2168. 
Sterol group, 268, 1699, 1705, 1708, 
1719, 2400. 
Strychnidine benzylochlorides, 489. 
ethiodide, 492. 
neoStrychnidine, and its derivatives, 
486, 774. 
Strychnine, 486, 767, 775, 780, 1239, 
2305. 
methosulphate, reduction of, with 
sodium amalgam, 1239. 
neoStrychnine, and its N-oxide, 767. 
~-Strychnine salts, 2308. 
— dinitro-, degradation of, 
80. 


2-Styrylchromones, 925. 

2-Styryl-3-methylchromone, 7-hydroxy-, 
and its acetyl derivative, 927. 

eo SS eee 


2-Styryl-1:4-a-naphthapyrone, 931. 
Prep semeecmeceey 


l-o-nitro-, 





or; C,2H,,ON,S, from _piper- 
e, hydrogen sulphide and form- 
aldels de, 1147. 
C,.H,,0, N,, paramagnetism of, 170. 
CHO .NCl, from reduction of 
p-chloronitrobenzene by acetalde- 
hots, 888. 
Substitution in aromatic compounds, 
2636. 


in compounds containing two or more 
phenyl groups, 1888, 2245. 
Succinic acid, diamminocupric salt, 
2862. 
Succinic acid, bromo-, conversion of, 
into malic acid, 2931. 
dibromo-, decomposition of, in 
aqueous solution, 100. 
p-Sulphobenzeneazobenzeneazo-8- 
sulpho-f-naphthol sodium ssulphite, 
1269. 


7-Sulphofluorene-9-carboxylic acid, 2- 

amino-, and 2-nitro-, 2361. 

5-Sulpho-2-hydroxybenzeneazo-f- 

naphthol sodium sulphite, 1274. 

4-Sulpho-2-hydroxy-a-naphthaleneazo-f- 

naphthol sodium sulphite, 1274. 

4-Sulpho-5-nitro-2-hydroxy-a-naphth- 

ro ay pi mn sodium sulphite, 

1274. 

Sulphonyl fluorides, aliphatic, 483. 

Sulphonylbenzoyl chlorides, o- and p- 

chloro-, 2044. 

Sulphonylphenyl-2-hydroxy-1-naphthyl 

sulphide, 4-chloro-, and its deriv- 

atives, 1043. 

«x-Sulphoundecoic acid, and its disodium 

salt, 597. 

Sulphur atoms, mobility of groups 
containing, 1819. 

colloidal, sols, ionic interchange in, 
2684. 

action of, on amines, 1987. 

Sulphur monochloride, freezing point 
of mixtures of, with hydrogen 
chloride, 219. 

Sulphuryl chloride, molecular associ- 
ation of, with aromatic hydro- 
carbons, 1501. 

Thionyl chloride, molecular associ- 
ation of, with aromatic hydro- 
carbons, 1501. 

Sulphur dioxide, molecular association of, 
with aromatic hydrocarbons, 1501. 

Sulphuric acid, equilibrium of, with 
nitrobenzene and water, 1540. 

Sulphur organic compounds :— 

Sulphuric acid, cyclic esters, 86. 


Sulphur determination :— 
determination of, in organic com- 
pounds, 2357. 


Systems, dicyclic, three-carbon tauto- 
merism in, 2120, 2139, 2147, 2157. 
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Tartaric acid, and its sodium hydrogen 
salt, catalytic effects produced by, 
and their buffer mixtures, 2612. 

antimonyl arsonium, phosphonium 
and stibonium salts, 1818. 
lanthanum salt, alkali solutions of, 
196. 
Tautomeric compounds, infra-red 
spectra and structure of, 1189. 
Tautomerism, prototropic, 696. 
in carbonyl compounds, 1207. 
three-carbon, 443, 2454. 
in dicyclic systems, 2120, 2139, 
2147, 2157. 
Tellurium hydride, physical properties 
of, 972. 
Tephrosin, constitution of, 1380. 
w-O-Tetra-acetyl-8-glucosidoxy-4-acet- 
oxy-3-methoxyacetophenone, 2493. 
3-O-Tetra-acetyl-§-glucosidoxy-5-O- 
acetyl-8-glucosidoxy-4’-acetoxyflavyl- 
ium chloride, 7-hydroxy-, 2491. 
5-O-Tetra-acetyl-8-glucosidoxyflavylium 
chloride, 3:7:4’-trihydroxy-, 2302. 
2-O-Tetra-acetyl-8-glucosidylphloro- 
gl aldehyde, 2302. 
Tetraethylarsonium antimonyl d-tar- 
trate, 1818. 
Tetraethylphosphonium antimony! d- 
tartrate, 1818. 
Tetrahydroanhydrotetrahydromethyl- 
strychnine-K5, 1250. 
Tetrahydroeremophilone and its deriv- 
atives, 2752. 
Tetrahydroeremophilone, 2-hydroxy-, 
and its derivatives, 2757. 

Tetrahydromethylstrychnidine-K, 1246. 

Tetrahydromethylstrychnine-K, 1243. 

Tetrahydronaphthacarbazoles, bromo-, 

and their acyl derivatives, 2192. 
8:9:10:11-Tetrahydro-a’ 8’-naphthacarb- 
azole-7-carboxylic acid, and 5-bromo-, 
ethyl esters, 2194. 
Tetrahydronaphthalene, 1-iodo-, 283. 
Tetrahydronaphthalenes, catalytic de- 
halogenation by, in presence of copper, 
281. 
dl-Tetrahydropalmatine methiodide, 803. 
Tetrahydroquinolines, amino-, 2624. 
Tetrahydrostrychnine, derivatives of, 
497. 

Tetrahydroncostrychnine, 774. 
derivatives of, 499. 
poten tr 7 Smarr 


pyrrocoline, 
5:6:5’:6’-Tetramethoxydiphenyl, di-, 
tetra-, and penta-nitro-derivatives, 
441. 
5:6:5’:6’-Tetramethoxydiphenyl-2:3:2’:3’- 
bisphenanthraphenazine, 441. 





3:4:3’:4’-Tetramethoxy-6’-ethyl-af-di- 
phenylethane, 802. 
3:3':4’:5’-Tetramethoxyflavone, 7-hydr- 
oxy-, and its acetyl derivative, 
1110. 
7:8:3’:4’-Tetramethoxyflavone, 1109. 
2:3:11:12-Tetramethoxy-8-methyldi- 
arate rem prmaermererne salts, 
6:7:3':4’-Tetramethoxy-1-8-phenylethyl- 
3:4-dihydroisoquinoline, and its deriv- 
atives, 2512. 
6:7:3':4’-Tetramethoxy-1-8-phenylethyl- 
2-methyl-1:2:3:4-tetrahydroisoquinol- 
ine picrate, 2512. 
3:3:3’:3’-Tetramethyl-1:1’-diethylindodi- 
carbocyanine iodide, 10-chloro-, 265. 
2:3:5:6-Tetramethyl -ethylglucofuran- 
oside, 2257. 
2:3:5:6-Tetramethyl glucofuranose, 2257. 
1:1:4:4-Tetramethylcyclohexane-3:5-di- 
one, 1081. 
2:3:5:6-Tetramethyl a-methylglucofuran- 
oside, 2257. 
2:3:5:6-Tetramethylpiperazines, stereo- 
isomeric, 1336. 
2:3:5:6-Tetramethylpyrazine methiodide, 
reduction products of, 1336. 
2:5:2’:5’-Tetramethyltriphenylmethane- 
4:4’-disazobis-3:6-disulpho-f-naphthol 
sodium disulphite, 1274. 
Tetramethyl-m-xylylenediamine picrate, 
67. 
Tetramminoplatinous salts. See under 
Platinum bases. 
Tetraphenylsilicane, ‘etranitro-, 2200. 
Tetra-n-propylphosphonium antimony! 
d-tartrate, 1818. 
Thallium :— 
Thallous chloride, action of ethyl- 
magnesium bromide on, 2862. 
nitrate, equilibrium of, with lead 
nitrate, 2713. 
thermal analysis of equilibrium 
of, with lithium nitrate, 1100. 
Thallium organic compounds, 2604, 
2734. 
Thallous dipropionylmethane, 2606. 
Thiocyanic acid, metallic salts, equi- 
libria in systems of, 2404. 
silver salt, solubility of, in aqueous 
ammonia, 835. 
n- and iso-Thiocyanie acids, esters, di- 
pole moments of, 2825. 
1-Thionaphthen, 2-nitro-3-amino-, 


acetyl derivative, and 2-nitro-3-hydr- 
oxy-, and its sodium salt, 2887. 
Thionaphthindole, 2-bromo-, 229. 
Thionaphthindoles, formation of, 227. 
Thioperrhenates. See under Rhenium. 
-Thiourea, action of, on aliphatic nitro- 
compounds, 534. 
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Thioureas, condensation of, aa’-di- 
bromodicarboxylic esters with, 1579. 
Thorium sulphate, equilibrium of, with 
manganese sulphate and water, 2417. 
Tin alloys with copper and mercury, 
841. 


with iron and mercury, 857. 
Toluene, p-bromo-, and p-chloro-, quan- 
titative nitration of, 1884. 
p-fluoro-, parachor of, 762. 
2:6-dihydroxy-, derivatives of, 1689. 
m-Tolueneazo-p-naphthol, p-amino-, 
and its sodium sulphite, 1268. 
8-p-Toluenesulphonamidoquinoline, 5:7- 
diamino-, 2196. 
p-Toluenesulphonbenzylmethylamide, 
1357. 


p-Toluenesulphon-2-naphthalide, 1- 
mono-, di-, and 1:3:6-tri-bromo-, 2733. 

re eens 

59. 

w-Toluenesulphony! fluoride, 486. 

Toluenesulphonyl fluorides, w-chloro-, 
w-hydroxy-, and w-iodo-, 2044. 

o-Toluidine, phthalazine, phthalazone, 
and phthalimidine derivatives of, 473. 

o-Toluidine, trithio-, constitution of, 
1987. 

p-Toluidine, 3-amino-, 3-p-toluenesulph- 
ony! derivative, 2359. 

o-Toluonitrile, conductivity of electro- 
lytes in, 1512. 

1-Toluoyldimethylnaphthalenes, 469. 

p-Tolyl methyl ethers, 3- and 5-bromo- 
2-nitro-, 2947. 

5-Tolylbenzylamine, 2:4-dinitro-, 2364. 
r-p-Tolyldeoxybenzoin, 2601. 

’ §-(2’-Tolyl)-1:3-dihydrophthalazine-4- 
acetic acid, 1-hydroxy-3-4’-amino-, 
and -3-4’-nitro, and their derivatives, 
477. 

3-(2’-Tolyl)-1:3-dihydrophthalazine-1- 
sulphonic-4-acetic acid, 3-4’-nitro-, 
sodium hydrogen salt, 476. 

Tolyldimethylarsines, and their salts, 
2287. 

1-p-Tolylcyclo-2:5-dithia-3:4-dimethyl- 
enestibine, 1828. 

2-( B-o-Tolylethyl)-4-methylcyc/ohexanol- 
2-carboxylic acid, ethyl ester, 2526. 

2-( 8-o-Tolylethyl)-4-methylcyclohexan- 
one-2-carboxylic acid, ethyl ester, 
2526. 

r- and (-+-)-p-Tolylhydrobenzoins, de- 
hydration of a-forms of, 2597. 

o-Tolylmethylnitrolic acid, 40. 

m-Tolyldinitromethane, 39. 

p-Tolylsulphonylbis( methylsulphonyl)- 
methane, 1825. 

p-Tolylsulphony!-2:5-dichlorophenyl- 
thioacetone, 1824. 

p-Tolylsulphonylethylthioacetone, 1823. 
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p-Tolylsulphonylmethylsulphonylmeth- 
ane, 1823. 
a renee rater tenner 
24, 
Tolyltrimethylarsonium salts, 2288. 
Triacetyltetrabromoaloe-emodin, 2582. 
Triacetylcreatinine, 2054. 
Triacetyl erythrose-diacetamide, 2974. 
Trialkyl phosphates, viscosities of, 985. 
a eae seep mg dichloride, 
4. 
Triisoamyltrimethylenetriamine, and its 
derivatives, 1355. 
ber iggy sae t Pamoneresarnesansersr 


Trianhydrotriscyclohexylphenylsilicane- 
diol, 2207. 
Triarylamidines, ring closure of, 1775, 
7:8-Triazolquinoline, 2197. 
7:8-Triazolquinoline-5-arsonic acid, 2197. 
3:6:9-Tribenzoylcarbazole, 2190. 
Tribenzylarsenoxide, preparation of, 969. 
Tribenzyltrimethylenetriamine, and its 
oxalate, 1356. 
Triisobutylstibine, derivatives of, 1816. 
Tributyltrimethylenetriamines, and their 
derivatives, 1354. 
Triethylamine, velocity of combination 
of, with ethyl iodide, 232. 
3’:4’:5’-Trimethoxyflavone, 
oxy-, L111. 
7:8:4’-Trimethoxyflavone, 1108. 
7:8:4'-Trimethoxy-2-styryichromene, 
932. 
1:4:8-Trimethoxythioxanthone, and _ its 
derivatives, 1795. 
Trimethylamylarsonium salts, 2287. 
Trimethyl-1:4-benzopyrones, 1683. 
Trimethyl-n-butylarsonium salts, 2287. 
2:4:6-Trimethyldiphenyl, and 3:4’-di- 
amino-, diacetyl derivative, 3:5:4’- 
triamino-, 3:5:4’-tribromo-, 3/:5’-di- 
bromo-5-nitro-3:4’-diamino-, 3:4’-di- 
and 3:5:4’-tri-nitro-, and 5-nitro-3:4’- 
diamino-, 2639. 
Trimethyldiphenylamines, 
2363. - 
Trimethylene sulphate, 90. 
= glycol dimethyl ether, 


5:7-dihydr- 


2:4-dinitro-, 


Trimethylethylarsonium mercuri-iodide, 
2287. 


1:4:4-Trimethyl-1-ethylcyclohexane-3:5- 
dione, 1086. 

Trimethyl galactonolactone, 2484. 

"ara a een ret He 

1:2:5-Trimethylnaphthalene, 
products of, 2809. 

1:2:8-Trimethylphenanthrene, 2720. 

1:4:7-Trimethylphenanthrene, and _ its 
derivatives, synthesis of, 1784, 


oxidation 
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Trimethylphenanthrenes, and their de- 
rivatives, 2248. 
1:2:3-Trimethyl-3-8-phenoxy methyl- 
indoleninium iodide, 319. 
Trimethylsuccinie acid, bromo-, 1225. 
Tri-p-phenoxyphenyl methylphosphon- 
ium iodide, 2883. 
Tri-p-phenoxyphenylphosphine, 2883. 
Triphenylarsinehydroxybenzenesul- 
phonamide, 970. 
Triphenylbenzenylamidines, 3:5-di- 
chloro-, rearrangement of, 1770. 
a pee ener ea and its salts, 
2288. 


Tri(phenylglycineamide)arsine, and its 
oxide, 2508. 

Triphenylphosphine dichloride, action of 
alkylmagnesium iodides on, 337. 

2:4:6-Triphenylpyrylium salts, and their 
nitro-derivatives, 2897. 

Tripyridyls, and their derivatives, 28. 

Tri-3-pyridylarsine oxide, and its tri- 
hydrochloride, 1500. 

Tris-(S-hydroxyethyl)amine, cobalt and 
cupric compounds of, 2861. 

Tris-( 8-hydroxyethyl)aminocupric 
hydroxide, 2862. 

—e phosphate, viscosity of, 
985. 

Tri-p-tolylarsine hydroxypicrate, 965. 

Tritolylarsinehydroxy-p-toluenesulphon- 
amides, 964. 

Trivinylarsinehydroxy-p-toluenesul- 
phonamide, 88’f’’-trichloro-, 964. 

Tropacocaine, ring homologue of, 1429. 

Tropinone, thio-, and its derivatives, 
2485. 

Trypanocidal action, 1910. 
and chemical constitution, 593, 2505, 


2866. 
Tungsten ' herachloride, reactions of, 
635. 


U. 


Ulmins, constitution of, 2839. 

Undecoiec acid, «x-bromo-, 595. 

«-thiol-, arylthioarsinites from, 593. 

Unsaturated compounds, reactions of, 

2646. 

simple or conjugated, orienting in- 
fluence of free and bound ionic 
charges on, 1445. 

Uranium chloride, sexavalent, electro- 
metric precipitation in solutions of, 
2467. 

Ureido-3’-aminobenzoyl-3-amino-4- 
methylbenzoyl-8-naphthylamine- 
4:6:8-trisulphonic acid, sodium salt,- 
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Ureido-3’-amino-4’-methylbenzoyl-3- 
aminobenzoyl-8-naphthylamine- 
4:6:8-trisulphonic acid, sodium salt, 
1912. 

Ureido-3’-amino-4’-methylbenzoyl-3- 
amino-4-methylbenzoyl-f-naphthyl- 
amine-4:6:8-trisulphonic acid, sodium 
salt, 1912. 


V. 


Valency, 207. 
and magnetism, 161. 
Valeraldehyde, oxidation of, 678. 
Vanadium :— 
Vanadic acid, titration of, with glass 
electrodes, 1955. 
isoVanillic acid, 6-nitro-, and its acetyl 
derivative, 1372. 
Vanillin, 6-nitro-, and its phenylhydr- 
azone, 1237. 
Vapour pressure, data for, 550. 
partial, determination of, 2658. 
Vasicine, and its derivatives, 2740. 
Velocity of reaction involving collisions, 
95. 


bimolecular, in solution and in vapour 
phase, 230. 

B-Vinylacrylic acid, catalytic hydrogen- 
ation of, 438. 


Ww. 


Walden inversion, 2931. 
Wallach, Otto, life and work of, 1582. 
Water, transference of, in electrolysis, 
2497. 
vapour pressure of, over aqueous 
solutions of alkaline-earth chlorides, 
550, 566, 575, 1284. 
vapour, heat of solution of, in solvents, 
2905. 
determination of, 
2903. 
Water-baths, regulator for, 2088. 


volumetrically, 


x. 


x-Xanthatoundecoic acid, 596. 

Xanthic acid, esters, replacement of 
methyl by alkyl and ary] in, 906. 
bornyl and menthyl hydrogen esters, 
optical rotation of esters of, 1016. 
eo marr acid, methyl ester, 

1. 


o-Xenylearbamide, 2230. 
p-Xylyl-2-arsonic acid, and 6-amino-, 





1911. 


— its acetyl derivative, and 6-nitro-, 
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Xylyldimethylarsines, and their salts, 
2288 


8-Xylylenebis-p-bromophenacyltetra- 
methyldiammonium dibromides, 67, 
68. 

Xylyltrimethylarsonium salts, 2288. 


Z. 


Zinc alloys with copper and mercury, 
852, 2341. 





Zine alloys with iron and mercury, 857. 
with manganese, 2341. 
Zine bases (zincammines), electrolysis 
of, 2849. 
Zine chloride, pure, preparation of, 


sulphate, equilibrium of, with am- 
monia and water, 1608. 
Zine organic compounds, complex, with 
hydroxy-acids, 41. 
Zincilactic acid, sodium salt, 43. 
Zincimandelic acid, sodium salt, 43. 
Zincisalicylic acid, sodium salt, 43. 






































FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is 
arranged according to Richter’s system (see Lexikon der Kohlenstoff-Verbin- 
dungen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained 
in the molecule (thus 5 IV indicates that the molecule contains five carbon atoms 
and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given 
in the above order). 

Fourthly, according to the number of atoms of each single element (except 
carbon) present in the molecule. 


Salts are placed with the compounds from which they are derived. The 
chlorides, bromides, iodides, and cyanides of quaternary ammonium bases, 
however, are registered as group-substances. 


C, Group. 
CH, Methane, pure, preparation of, 941; movement of flame in mixtures of air 
and, 1996; oxidation of, 933. 
CO Carbon monoxide, catalytic action of hydrogen on flames of, 129. 
CO, Carbon dioxide, catalytic combustion of oxygen and, on platinum, 1544. 
CCl, Carbon tetrachloride, dielectric polarisation of hydrogen chloride in, 43. 
CS, Carbon disulphide, equilibrium of, with ethylene dichloride, 2915. 


1a 
CHN Hydrocyanic acid, studies on, 2793; metallic salts, solutions of, 1940. 
CH,O Formaldehyde, decomposition of, 1518; condensation of, with aliphatic 
ketones, 2667; action of, on ammonium sulphide, 2087; action of, on 
ammonium and alkylammonium sulphides, 1142. 
CH.O, Formic acid, specific heat of aqueous solutions of, 2413; diammino- 
cupric salt, 2862. 
CH,F Methyl fluoride, physical constants of, 2180. 
COS, Carbonyl sulphide, physical properties of, 660; hydrolysis of, 102. 
COSe, Carbonyl] selenide, 652. 
1 
CHNS Thiocyanic acid, equilibria in systems of metallic salts of, 2404; silver 
salt, solubility of, in ammonia, 835. 
CH.N.S Thiourea, action of, on aliphatic nitro-compounds, 534. 
CO,.N,K Potassium nitroform, 542. 


1V 


CH,0,CIIS Chloroiodomethanesulphonic acid, resolution of, and its salts, 2723. 
C, Group. 


C.H, Acetylene, slow combustion of, 686. 
C,H, Ethylene, combination of, with bromine at glass surfaces, 1747, 1758; 

reaction of, with bromine in carbon tetrachloride, 2911. 
C.H, Ethane, pure, preparation of, 941. 
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2 

C.H,O, Acetic acid, dissociation constants of, 2829; specific heat of aqueous 
solutions of, 2413. 

C,H,Cl, Ethylene dichloride, equilibrium of, with carbon disulphide, 2915. 

C.H,I Ethyl iodide, kinetics of reaction of triethylamine with, 232. 

C.H,O Ethyl alcohol, surface composition of aqueous solutions of, 2089; effect 
of lithium chloride on surfaces of aqueous solutions of, 2097; kinetics of 
reaction of acetic anhydride with, 236. 

C.H,O, Acetic anhydride, velocity of esterification of, 241. 

C.H,S Methyl sulphide, dipole moment of, 2819. 


2 . 

C.H,0,C1 Chloroacetic acid, hydrolysis of, 101. 

C.H,0,8 Ethylene sulphate, 89. 

C.H,OC] Ethyl hypochlorite, addition of, 2062. 

C.H,ONa Sodium ethoxide, action of, on citraconic, itaconic, and mesaconic 
esters, 2568. 

C.H,OT] Thallium ethoxide, action of ethyl magnesium bromide on, 2862. 

C.H,BrMg Ethylmagnesium bromide, action of, on thallous chloride and 
ethoxide, 2862. 


2 IV 
C.HO,.N.Br, aaf-Tribromo-af-dinitroethane, 1360. 
C.H,CIS.Sb 1-Chlorocyclo-2:5-dithia-3:4-dimethylenestibine, 1827. 


C,H,O,.FS Ethanesulphonyl fluoride, 485. 

C.H,N.Cl,Pd Ethylenediaminopalladic chloride, 1909. 
C.H,,.N,Cl,Pd Diamminoethylenediaminopalladous chloride, 1907. 
C,H,,N,Cl.Pt §-Diamminoethylenediaminoplatinous chloride, 2330. 


2V 
C.H,O.CIFS a-Chloroethanesulphony! fluoride, 485. 


C, Group. 
C,H,O, Propionic acid, specific heat of aqueous solutions of, 2413. 
C,HS x-Propyl mercaptan, dipole moment of, 2812. 


3 
C,H,ON Acetonitrile, dipole moment of, 2812. 
C,H,0,8 Trimethylene sulphate, 90. 


C, Group. 
C,H,0, Fumaric acid, diamminocupric salt, 2862. 
Maleic acid, diamminocupric salt, 2862. 

C,H,0, Acetic anhydride, kinetics of reaction of ethyl alcohol with, 236. 
C,H,O, Succinic acid, diamminocupric salt, 2862. 
C,H,O, Tartaric acid, and its sodium hydrogen salt, catalysis by, and their 

buffer mixtures, 2612; lanthanum salt, alkali solutions of, 196. 
C,H,0, -Butyric acid, specific heat of aqueous solutions of, 2413. 
C,H,0, /-Erythrose, molecular weight of, 2973. 
C.H,$ n-Butyl mercaptan, dipole moment of, 2812. 


. 40 
C,H,0,Cl, 2:3:5:6-Tetrachlorodioxan, stereoisomeride of, 2666. 
C,H,0,Br, Dibromosuccinic acid, decomposition of, in aqueous solution, 100. 
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C,H,ON, Glyoxalinecarboxyamide, and its picrate, 2425. 
C,H,0,Br Bromosuccinic acid, conversion of, into malic acid, 2931. 

C,H,ON, Creatinine, 2047. 

ae Aspartic acid, conversion of, into bromo- or chloro-succinic acid, 


C,H.N,Br Methylbromomalonamide, 2782. 

C,H,C1,8 £8’-Dichlorodiethy! sulphide, 589. 

C,H,O,N 2-Nitrobutane-1:4-diol, sodium salt, 752. 
C,H,,0,8 £8’-Dihydroxydiethy! sulphoxide, 971. 
C,H,,ON y-Hydroxy-n-butylamine, and its salts, 307. 


4Iv 
C,H,ON,Br, 2:5-Dibromoglyoxaline-4-carboxyamide, 2425. 
C,H,0,8,8b cyclo-2:5-Dithia-3:4-dimethylenestibine-1-thiolacetic acid, pyridine 
salt, 1827. 
C,H,O,NCl 2-Chloro-2-nitrobutane-1:4-diol, 753. 
C,H,,N,Cl,Pd, Bisethylenediaminopalladium chloropalladite, 1904. * 
C,H,,N,Cl,Pd, Bisethylenediaminopalladous chloropalladate, 1909. 


4V 
C,H,,ONSAs Carbamylmethyl dimethylthioarsinite, 1369. 


C, Group. 
C;H,, Amylene, oxidation of, 677. 
C,H,, Pentanes, oxidation of, 661, 676, 679. 


5 
C,H,O, Furfural, formation of, from methylated pentoses, 2621. 
C;H,N Pyridine, dehydrogenation of, by ferric chloride, 20. 
C;H,,0 Valeraldehyde, oxidation of, 678. 
C;H,,0, Trimethylene glycol dimethyl ether, 90. 
C;H,,N Dimethylisopropylamine, picrate of, 2610. 

Methylbutylamines, and their salts, 1354. 

C;H,,As Dimethyl-n-propylarsine, 2287. 


5 I 
C,H,O.N, Glyoxaline-l-acetic acid, 1811. 
C;H,O.N Ethyl cyanoacetate, conductivity of electrolytes in, 1512. 
C;H.ON, 1-8-Hydroxyethylglyoxaline, 1811. 
C,H,,0,N, N-Acetylsarcosine amide, 2200. 
C;H,,NCl 1-Chloropiperidine, action of, on phenylmagnesium bromide, 1745. 
C;H,,0OH isoAmyl alcohol, oxidation of, 679. 
C,H,,0,N 3-Nitro-l-ethoxypropan-1l-ol, 754. 
C;H,,0,N 2-Nitro-2-hydroxymethylbutane-1:4-diol, 752. 


5 IV 
C,H,NCIHg 3-Chloromercuripyridine, 1264. 
C,;H,NCl,As 3-Pyridylchloroarsine hydrochloride, 1498. 
C,H,O.N.S 2-Thiolglyoxaline-l-acetic acid, 1811. 
C;H,O,NAs Pyridyl-3-arsonic acid, 1499. 
C,H,NI,Hg Pyridine tri-iodomercuriate, 1264. 
C;H,ON,S 2-Thiol-1-8-hydroxyethylglyoxaline, 1810. 
C,H,0,N,Br Ethylbromomalonamide, 2782. 
C,H,,N,Cl,Pt Triamminopyridinoplatinous dichloride, 1014. 
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C, Group. 

C,H, Benzene, vapour pressure and refractivity of binary mixtures of its polar 
derivatives with, 2658; dielectric polarisation of hydrogen chloride in, 43 ; 
compounds of, with picryl chloride and s-trinitrobenzene, 1530. 

C,H,, cycloHexane, dielectric polarisation of hydrogen chloride in, 43. 

C,H,, Hexane, oxidation of, 676. 

6 

C,H,S Thiophe=>l, dipole moment of, 2812. 

C,H,O, Sorbic acid, addition of hypochlorous acid to, 2072. 

C,H.O, £-Ketoadipic acid, 2566. 

C,H.N, Phenylhydrazine, action of, on aliphatic nitro-compounds, 534. 

C,H,N Hexenonitriles, 449. 

C,H,,0, 2:3-Ethylenedioxydioxan, 90. 

C,H,,0, y-Keto-8-methyl-n-amyl alcohol, 2672. 

C,.H,,0, y-Keto-8-hydroxymethyl-8-methylbutyl alcohol, 2671. 

C,H,,.0, «-Methylxyloside, crystal structure of, 2535. 

B-Methylxyloside, X-ray structure of, 138. 
CoHL.N. ; Hexamethylenetetramine, reactions of, with phenolic compounds, 


C,H,,8 2-Propyl sulphide, dipole moment of, 2819. 

C,H,,N Dimethyl-sec.-butylamine, picrate of, 2610. 
Methylisoamylamine, and its hydrobromide, 1356. 
Triethylamine, kinetics of reaction of ethyl iodide on, 232. 


6 I 
C,H,0,N, s-Trinitrobenzene, compound of, with benzene, 1530. 
C,H,0,N, Picric acid, solubility of, in mixed solvents, 881. 
C,H,O.N Nitrobenzene, physical properties of, 91; equilibrium of, with sul- 
phuric acid and water, 1540. 
C,H,BrMg Phenylmagnesium bromide, action of, on 1-chloropiperidine, 1745. 
C,H,0,C1 8-Chloro-y-hydroxy-4c-hexenoic lactone, 2076. 
C,H,O.N, Acetylcreatinine, and its salts, 2053. 
C,H,0,C1 Chlorohexolactones, 2067. 
C,H,0,Cl y-Carbomethoxybutyryl chloride, 277. 
C,H,,ON Hexenoamides, 449. 
a-Hydroxy-n-hexonitrile, 451. 
C,.H,,0,C1 §-Hydroxy-f- and -y-chloro-n-hexoic acids, 2067. 
C.H,,ON Methyl a-dimethylaminoethyl ketone, picrate of, 2610. 
C,H,,I[As Dimethyl-n-propylarsine methiodide, 2287. 


6 IV 
C,H,OCI,I 2:4:6-Trichloro-3-iodophenol, 2860. 
C,H,OBr,I 2:4:6-Tribromo-3-iodophenol, 505. 
C,H,O,NBr, 2:3:6-Tribromo-4-nitrophenol, 505. 
C,H,0,N,Cl Picryl chloride, compound of, with benzene, 1530. 
C,H,0CI1,I 4:6-Dichloro-3-iodophenol, 2860. 
C,H,OBr.F 3-Fluoro-4:6-dibromophenol, 275. 
C,H,OCII Chloro-3-iodophenols, 2859. 
C,H,O,NCl 2-Chlorobenzoquinone 4-oxime, silver salt, 868. 
C,H,O,NS m-Nitrobenzenesulphonic acid, potassium salt, 1347, 
C,H,0O,NS Pyridine methylenosulphate, 90. 
C,H,,0.FS cycloHexanesulphonyl fluoride, 485. 
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C,H,,0.NS Methanesulphonyl piperidide, 485. 
C.H,,0,NCo Hydroxocobaltotris-(B-hydroxyethyl)amine, sodium salt, 2862. 
C.H,,0,NCu Tris-(p-hydroxyethyl)aminocupric hydroxide, 2862. 

6Vv 
C,H,0,NBr,I Dibromoiodonitrophenols, 505. 
C,H,O,NBr,F 3-Fluorodibromonitrophenols, 274. 
C,H,O,NFS o0-Nitrobenzenesulphony! fluoride, 2046. 
C,H,ONCI,As 3-Amino-4-hydroxyphenyldichloroarsine, hydrochloride of, 2509. 
C.H,,0,NCICo Chlorocobaltotris-(f-hydroxyethyl)amine, 2861. 
C,H,,0,NBrCo Bromocobaltotris-(f-hydroxyethyl)amine, 2861. 


6 VI 
C.H,0,NCIUS 2-Iodo-5-nitrobenzenesulphonyl] chloride, 2025. 


C, Group. 


C.H;N Benzonitrile, compounds of, with polyiodides, 2640. 

C,H,Cl, Benzotrichloride, action of metallic oxides on, 2808. 

C,H,O Benzaldehyde, action of ephedrine on, 1580. 

C.H,N, p-Aminopheny] isocyanide, 1416. 

C,H,Cl, Benzal chloride, action of metallic oxides on, 2808. 

C,H,Cl p-Chlorotoluene, quantitative nitration of, 1884. 

C,H;Br p-Bromotoluene, quantitative nitration of, 1884. 

C,H,O, a-Methylaconitic acid, 1093. 

C,H,,0, «f-Dimethylpentenoic acids, 2452. 
a-Methylhexenoic acids, 2452. 

C,H,,0, y-Keto-8-methylbutyl acetate, 2670. 

C,H,,0, Bishydroxymethyltetrahydro-y-pyrone, 2670. 

C,H,,0, §-Hydroxy-a-methyl-n-hexoic acid, 2458. 
y-Keto-8-hydroxymethyl-8-methyl-n-amyl alcohol, 2672. 

C,H,,0, «-Methylglucofuranoside, 2256. 

C,H,,N £-Dimethylaminopentane picrate, 2610. 

C,H,,As Methyldi-n-propylarsine, and its salts, 2285. 


7 
C,H,BrI m-Iodobenzyl bromide, 702. 
C,H,OI m-Iodophenylmethy] ether, 2859. 
C,H,0,As Benz-p-arsinic acid, 966. 
C,H,0,8, Methyl benzenethiolsulphonate, 1822. 
C.H,NI m-Iodobenzylamine, and its salts, 702. 
C,H,ON o0-Anisidine, sulphonation of, 715. 
C,H,0,P Benzaldehyde phosphate, 2921. 
C,H,,0,.N, Ethyl glyoxaline-l-acetate, picrate of, 1812. 
C,H,,ON 3-Methylcyclopentanonecyanohydrin, 1074. 
C,H,,0,T1 Thallous dipropionylmethane, 2606. 
C,H,,0,C1 y-Carbethoxybutyryl chloride, 277. 
C,H,,0,Br «-Bromo-f-methyl-f-ethylsuccinic acid, 1223. 
Bromotrimethylsuccinic acid, 1225. 
C,H,,0,N, y-Ketobutyl acetate semicarbazone, 2670. 
C,H,,0,Tl Methyl (dimethylthalli)jacetoacetate, 2738. 
C,H,,0,N Bishydroxymethyltetrahydro-y-pyrone oxime, 2670. 
C,H,,0,N, Ethylmalonbismethylamide, 2782. 
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C,H,,ON Ethyl a-dimethylaminoethyl ketone, picrate of, 2610. 
C,H,,IAs ‘Trimethyl-n-butylarsonium iodide, 2287. 


7 IV 
C,H,;0,N.Cl Chlorophenylnitrolic acids, 40. 
C,H,0,FS Benzaldehyde-o-sulphonyl fluoride, 2046. 
C,H,0,N,Br 2:4-Dibromo-6-nitroresorcinol 3-methyl ether, 274. 
C,H,0,C1,8 w-Chloro-o-toluenesulphonyl chloride, 2045. 
C,H,O;NC] 4-Chloro-3-nitroanisole, 1814. 
C,H,O,NBr Bromo-2-nitro-p-cresols, 2947. 
C,H,0,C1,8 2-Chloroanisole-4-sulphonyl chloride, 717. 
C,H,O,IAs Benz-p-arsenious hydroxyiodide, 967. 
C,H,O,NBr Bromonitroresorcinol 3-methyl ether, 526. 
C,H,OCI,I m-Iodophenyl methyl ether iododichloride, 2859. 
C,H,0,N,Cl 2-Chlorobenzoquinone 4-oxime-1-semicarbazone, 868. 
C,H,0.FS w-Toluenesulphony! fluoride, 486. 
C,H,0,FS w-Hydroxytoluenesulphony] fluorides, 2045. 
C,H,,0,NS Acetalylthiocarbimide, 1808. 
C,H,,0.N.Br Ethylbromomalonbismethylamide, 2782. 


7V 
C,H,O.NFS o-Cyanobenzenesulphony] fluoride, 2046. 
C,H,O,CIFS w-Chlorotoluenesulphonyl fluorides, 2044. 
C,H,O,IFS w-Iodotoluenesulphonyl fluorides, 2044. 
C,H,O,NCIS 2-Chloroanisole-4-sulphonamide, 717. 
C,H,,0,N.8Co Thiocyanocobaltotris-(8-hydroxyethyl)amine, 2861. 


C, Group. 


C,H,N, p-Diisocyanobenzene, 1418. 

C,H,O, Aldehydosalicylic acids, preparation of, 1987. 

C,H.N o0-Toluonitrile, conductivity of electrolytes in, 1512. 

C,H,0, Methyl benzoate, compound of, with boron trifluoride, 1497. 

C,H,O, 2:4-Dihydroxy-3-methylbenzaldehyde, 1691. 
1-Methoxy-2:3-methylenedioxybenzene, 1282. 

C,H,O, Homoterpenylic acid, and its salts, 1428. 

C,H,Cl_ d- and /-a-Chloroethylbenzenes, formation of, 1232. 

C,H,,0 /-Phenylmethylcarbinol, conversion of, into d- and 1/-a-chloroethyl- 

benzenes, 1232. 

C.H,,0, 2-Carboxy-4'-cyclopentenylacetic acid, 2431. 
a-Hydroxy-1-carboxycyclopentane-l-acetic anhydride, 1222. 
a-Hydroxy-1-carboxycyclopentane-l-acetolactone, 1222. 
1-Hydroxycyclopentane-1-malonolactone, 1226. 

C,H,,0, a-Keto-l1-carboxycyclopentane-1l-acetic acid, 1222. 

C,H,,0, 3-Methylcyclopentylideneacetic acid, 1075. 

C,H,,0, a-Carboxy-a-methyl-48-hexenoic acids, 2453. 

C.H,,0, §-Ethoxy-4-butene-ad-dicarboxylic acid, 2566. 
a-Hydroxy-l-carboxycyclopentane-l-acetic acid, 1222. 

C,H,,0, a-Methylglucofuranoside 5:6-monocarbonate, 2256. 

C.H,,0, 3-Methyleyclopentan-1-ol-l-acetic acid, 1075. 

C.H,,0, y-Keto-f3-bishydroxymethyl-8-methyl-n-amyl alcohol, 2673. 

C,H,,As cycloHexyldimethylarsine, 2287. 
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C,H,8 n-Butyl sulphide, dipole moment of, 2819. 
C,H,,As Diethyl-n-butylarsine, 2289. 
8 Ii 
C,.H,O,N, 5:7-Dinitroisatin-3-oxime, 782. 
C,H,O,N, 4-Nitro-5-(3-pyridyl)pyrazole, and its salts, 2768. 
C,H,0,N, 5:7-Dinitro-2-aminoindole, 782. 
C,H,0,I m-Iodophenyl acetate, 2858. 
C,H,O,N 3-Nitro-2-hydroxy-4-methoxy benzaldehyde, 526. 
2-Nitro-6-methoxybenzoic acid, 1795. 
6-Nitrovanillin, 1237. 
C,H,0,N 6-Nitroisovanillic acid, 1372. 
C,H,0,N, 0-Tolylmethylnitrolic acid, 40. 
C,H,O,N, o-Methoxyphenylmethylnitrolic acid, 40. 
m-Tolyldinitromethane, 39. 
C,H,0O,N, 3-Carbethoxy-l-carbamyl-4-cyanopyrazolone, 1092. 
C,H,ON Acetanilide, action of phosphorus pentachloride on, 1140; compound 
of, with boron trifluoride, 1496. 
C,H,OI m-lIodophenylethyl ether, 2859. 
C,H,O.N Anhydro-2:6-dihydroxy-3-(8-hydroxyethyl)-4-methylpyridine, 2021. 
m-Anisaldoxime, and its salts, 702. 
m-Methoxybenzamide, 702. 
C,H,0O,N 2-Amino-6-methoxybenzoic acid, 1795. 
Nitrophenetoles, reduction and hydrolysis of, 2955. 
C,.H,,0,N, Nitrosomethyl-p-anisidine, 1814. 
C,H,,0,8, Phenylsulphonylmethylthiomethane, 1823. 
C,H,,.BrAs p-Bromophenyldimethylarsine, 2287. 
C,H,,ON m-Methoxybenzylamine, and its salts, 702. 
C,H,,0As Phenyldimethylarsenoxide, 968. 
C,H,,0,N, 3-Nitro-4-aminodimethylaniline, and its salts, 2977. 
C.H,,0,N, Diacetylcreatinine, 2054. 
C.H,,0,Br a-Bromo-l-carboxycyclopentane-l-acetic acid, 1221. 
C,H,,0,P Anisaldehyde phosphate, 2921. 
C,H,,0,N, 2:4-Diaminoresorcinol dimethyl ether, hydrochloride of, 2878. 
C,H,,0N Keto-octahydropyrrocolines, 2972. 
C.H,,0,C1 Chloroacetoxyhexoic acid, 2069. 
C,H,,ON f-Ethoxy-n-hexonitrile, 452. 
C,H,,0,T!l Dimethylthallium propionylacetone, 2606. 
C,H,,0,N, y-Keto-8-methylbutyl alcohol semicarbazone, 2670. 
C,H,,0.N Diacetonyldimethylammonium chloride, 1935. 
C,H,,0,N, 1-Hydroxycyclohexylacetic acid hydrazide, 1782. _ 
C,H,,ON a-Dimethylaminoethyl n-propyl ketone, picrate of, 2610. 
C,H,,0As Diethyl-n-butylarsine oxide, 2289. 
C,H,,[As Trimethylamylarsonium iodides, 2287. 


8 IV 
C,H;0,Cl,I 4:6-Dichloro-3-iodopheny] acetate, 2860. 
C,H,0O,NS 2-Nitro-3-hydroxy-l-thionaphthen, and its sodium salt, 2887. 
C,H,OCIBr w-Chloro-m-bromoacetophenone, 1931. 
C,H,0,ClI 6-Chloro-3-iodopheny! acetate, 2859. 
C,H,O,NBr Nitrobromo-2-hydroxy-4-methoxybenzaldehydes, 526. 
C,H,ONC] N-Chloroacetanilide, intramolecular change of, 1920. 
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C,H,ON,Br m-Bromobenzaldehyde semicarbazone, 703. 
C.H,.O,IAs p-Carboxyphenylmethyliodoarsine, 967. 
C,H,O,NBr Bromo-2-nitro-p-tolyl methyl ethers, 2947. 
C,H,ON,C1 Carbamido-m-chlorobenzylamine, 701. 

C,H,ON.Br Carbamidophthalo-m-bromobenzylimide, 701. 
C,H,ON,I Carbamido-m-iodobenzylamine, 702. 

C,H,O,.N.As N-Phenylglycineamide-p-arsenoxide, 2507. 
C,H,0,CIS 4-Chlorophenylsulphonylmethylthiomethane, 1825. 
C,H,O,NS o-Nitrophenylethylsulphone, 1449. 

C.H,,0;NAs 6-Nitro-p-xylyl-2-arsonic acid, 502. 

C,H,,0,NAs 6-Amino-p-xylyl-2-arsonic acid, 502. 

C,H,,ONSe Selenotropinone, 2486. 

C,H,,0.NS, Methylethylsulphinebenzenesulphonylimine, 972. 
C.H,,0,.N,SI 8-Benzenesulphonylethylamino-1-methylquinolinium iodide, 2213. 


C, Group. 


C,H,N, 7:8-Triazolquinoline, 2197. 

C,H,N n- and iso-Quinolines, dipole moments of, 2810. 

C,H,O, Cinnamic acid, addition of bromine to, in acetic acid, 979. 

C,H,,0, 2-Hydroxy-4-methoxy-3-methylbenzaldehyde, 1691. 
r-Phenylmethoxyacetic acid, resolution of, 338. 

C,H,,0, 2-Hydroxy-4-methoxy-3-methylbenzoic acid, 1691. 

C,H,,Cl 2:5-Dimethylbenzyl chloride, 2525. 

C,H,,0, Resorcinol isopropyl ether, 870. 

C,H,,0, Glycerol a-phenyl ether, 1973. 

C,H,,0, 2-Carbethoxy-4'-cyclopentenylpropionic acid, 2431. 
2-Carboxy-4!-cyclohexenylacetic acid, 2432. 
a-Hydroxy-1-carboxycyclohexane-1-acetic anhydride, 1220. 
a-Hydroxy-1-carboxycyclohexane-l-acetolactone, 1220. 
1-Hydroxycyclohexane-1-malonolactone, 1226. 

C,H,,0, «-Keto-l-carboxycyclohexane-1l-acetic acid, 1221. 

C,H,,As Tolyldimethylarsines, 2287. 

C,H,,0, 3-Hydroxy-f8-dimethyl-4y-heptenolactone, 1082. 
1:1:4-Trimethylcyclohexane-3:5-dione, 1081. 

C,H,,0, dl-3-Carboxy-1:1-dimethylcyclopropane-2-propionic acids, 1427, 
Ethyl glutaconate, preparation of, 2666. 

C,H,,0; «-Hydroxy-l-carboxycyclohexane-1-acetic acid, 1220. 

C,H,,N m-Dimethylaminobenzylamine, and its salts, 702. 
isoNorlupinene, 2968. 

C,H,,0, y-Propionyl-§f-dimethylbutyric acid, 1082. 

C,H,,0, Diisopropylmalonic acid, sodium salt, 1766. 

C,H,,0, Trimethyl galactonolactone, 2484. 

C,H,,N Octahydropyridocolines, 2965. 

C,H,,0, Ethyl p-hydroxy-a-methyl-n-hexoate, 2458. 

C,H,,N 2-n-Butylpiperidine, 2964. 

C,H,.N, 2:3:4:5:6-Pentamethylpiperazines, and their salts, 1339. 

C,H,,As Methyldibutylarsines, 2285. 

9 
C,H,O,N, 3-Nitroindole-2-carboxylic acid, 783. 
C,H,O,N, 6:8-Dinitro-3-amino-2-hydroxyquinoline, 783. 
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C,H,O,N 6-Nitro-3-hydroxy-4-methoxyphthalide, 1372. 
C,H,N,Cl 8-Chloro-5-aminoquinoline, 2106. 
C,HLN.Br 8-Bromo-5-aminoquinoline, 2106. 
C,H,0,N, Substance, and its salts, from methylation of 4-nitro-5-(3-pyridyl). 
pyrazole, 2770. 
C,H,OI w-Iodo-p-methylacetophenone, 1154. 
m-lodopheny] allyl ether, 2859. 
C,H,0,I w-Iodo-p-methoxyacetophenone, 1154. 
C,H,0,I m-Iodophenyl ethyl carbonate, 2859. 
C,H,,0S 2-Methylthiolacetophenone, 230. 
C,H,,ON Methylacetanilide, compound of, with boron trifluoride, 1496. 
C,H,,0,.N Aceto-o-anisidide, sulphonation of, 715. 
C,H,,0,N m-Nitrophenyl isopropyl ether, 872. 
6-Nitroso-3-isopropoxyphenol, 871. 
C,H,,0,N, w-Nitro-a-hydroxypropaldehyde phenylhydrazone, 753. 
C,H,,0,N Nitro-3-isopropoxyphenols, 871. - 
C,H,,8,8b 1-p-Tolylcyclo-2:5-dithia-3:4-dimethylenestibine, 1828. 
C,H,,0.N, Nitrobenzyldimethylamines, 64. 
C,H,,0,N, 4-Nitro-3-aminophenyl isopropyl ether, 872. 
9-0-Nitrobenzoylcarbazole, 2189. 
Nitrodimethyl-p-anisidines, and their salts, 1814. 
C,H,,0,8, p-Tolylsulphonylmethylsulphonylmethane, 1823. 
C,H,,0,8, Phenylsulphonylbis(methylsulphonyl)methane, 1825. 
C,H,,NBr Bromobenzyldimethylamines, picrates of, 63. 
C,H,,NI lIodobenzyldimethylamines, salts of, 64. 
C,H,,0N m-Aminopheny] isopropyl ether, and its hydrochloride, 872. 
a-m-Hydroxyphenylethylamine, resolution of, and its salts, 2513. 
C,H,,0,N -3:4-Dihydroxy-f-phenylethylmethylamine, oxidation of, with silver 
oxide, 546. 
4-Methylaminoveratrole, 549. 
C,H,,0,Br «-Bromo-l-carboxycyclohexane-1l-acetic acid, 1219. 
C,H,,Br,As Tolyldimethylarsine dibromides, 2288. 
C,H,,ON 4-Keto-octahydropyridicoline, 2965. 
C,H,,0,N £-2-Carboxypiperidinopropionic acid, 2971. 
C,H,,ON, -Methylaztropinone, and its dipicrate, 2487. 
C,H,,0,Cl d-8-Octyl chloroformate, conversion of, into £-chloro-octane, 108. 
C,H,,0,Tl Dimethylthallium dipropionylmethane, 2606. 
C,H,,0;Tl Methyl (diethylthallijacetoacetate, 2738. 
C,H,,ON 5-2-Piperidyl-n-butyl alcohol, 2965. 
C,H,,ON, 1-Nitrosopentamethylpiperazine, 1340. 
C,H,.IAs cycloHexyldimethylarsine methiodide, 2287. 
C,H,,.IAs Diethyl-n-butylarsine methiodide, 2289. 


9 IV 
C,H,0,N,As 7:8-Triazolquinoline-5-arsonic acid, 2197. 
C,H,0,N,As 6-Nitro-5-hydroxyquinoline-8-arsonic acid, 2107. 
C,H,O,NBr m-Nitrophenyl a-bromoethyl ketone, 1155. 
C,H,O,NBr Bromo-2-nitro-p-tolyl acetates, 2948. 
C,H,OBr,I m-Iodophenyldibromopropy! ether, 2859. 
C,H,0,CIS 9 4-Chlorophenylsulphonylacetone, 1825. 
C,H,0,Cl,I m-Iodophenyl ethyl carbonate iododichloride, 2859. 
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C,H,,ONI Acetyl-m-iodobenzylamine, 702. 

C,H,,0;NAs N-Phenylglycine-p-arsenoxide methyl ester, 2507. 

C,H,,0,NS 2-Acetamidoanisole-4-sulphinic acid, 719. 
Nitrophenylpropylsulphones, 1448. 

C,H,,0,N,8 2-Acetamidoanisole-4-sulphonamide, 718. 

(,H,,0,N,As p-Arsonoanilinomalonamide, 2781. 

C,H,,0,NS Dimethylaniline methylenosulphate, 91. 


9Vv 
0,H,O,N.CIAs 5-Chloro-6-nitroquinoline-8-arsonic acid, 2107. 
C,H,O,NCIAs Chloroquinolinearsonic acids, 2107. 
C,H,O,NBrAs 8-Bromoquinoline-5-arsonic acid, 2106. 
C,H,,0,NCIS 2-Acetamidoanisole-4-sulphonyl chloride, 718. 


C,, Group. © 


C,.H,, Bornylene, effect of solvents on rotation of, 543. 
C,,.H,, Menthene, effect of solvents on rotation of, 543. 


10 0 y 

C,,H,,N 2:5-Dimethylbenzyl cyanide, 2525. 

C,,H,,I 1-Iodotetrahydronaphthalene, 283. 

C,.H,,.0, 2-Hydroxy-4-methoxy-3-methylacetophenone, 1692. 
cis-3-Methylcyclopentanespirocyclopropane-2’:3’-dicarboxylic anhydride, 1071. 

C,.0H,,0, isoRhizonic acid, 1677. . 

C,.H,,Br §-2:5-Dimethylphenylethyl bromide, 2525. 

C,oH,,0 §-2:5-Dimethylphenylethyl alcohol, 2525. 

€,.H,,0, 3-Methylcyclopentanespirocyclopentane-3’:4’-dione, 1078. 

C,.H,,0, 1-Carboxycyclohexane-1l-a-propionic anhydride, 1225. 
1-Carboxymethylcyclohexane-1-acetic anhydrides, 1058, 1063. 

C,.H,,0, a-Hydroxy-1l-carboxycyclohexane-1-a-propionolactone, 1225. 
a-Hydroxy-3-methylcyclopentane-1:1-diacetolactones, 1072. 
3-Methylceyclopentanespirocyclopropane-2’:3’-dicarboxylic acids, 1071. 

C,,oH,,0; «a’-Dihydroxy-3-methylcyclopentane-1:1-diacetolactone, 1077. 
a-Keto-3-methylcyclopentane-1:1-diacetic acid, 1073. 

C,.H,,N, dl-6-Amino-4-methyl-1:2:3:4-tetrahydroquinoline, dipicrate of, 2624. 
Nicotine, properties of, 1613, 1623. 

C,,H,,N Methylbenzyldimethylamines, salts of, 66. 

C,.H,,As 8-Phenylethyldimethylarsine, 2288. 

Xylyldimethylarsines, 2288. 
C,,.H,,0 Camphor, rotation of, in strong mineral acids, 2924; rotation-dis- 
persion of, 1715. 

C,oH,,0, 1:1-Dimethyl-4-ethylcyclohexane-3:5-dione, 1083. 

C,.H,,0, 5-Hydroxy-88-dimethyl-4y-isooctenolactone, 1082. 
5-Methoxy-1-methyl-1-ethyl-4*-cyclohexen-3-one, 1086. 
1;1:4:4-Tetramethylcyclohexane-3:5-dione, 1081. \ 

C,,H,,0, 1-Acetyl-3-methylcyclopentane-1-acetic acid, 1078. 
1:1-Dimethyl-2-y-ketocyclopropane-3-carboxylic acids, 1427. 

C,,H,,0, 1-Carboxycyclohexane-l-a-propionic acid, 1224. 
a-Carboxy-8-hydroxy-8-n-propylhexolactone, 1226. 
1-Carboxymethylcyclohexane-1-acetic acids, 1058, 1063. 

C,oH,,0, y-Keto-8-hydroxymethyl-8-methylbutyl acetate, 2671. 

C,,.H,,Br 9-Bromodecalin, 1782. 
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C,.H,,0 Borneol, effect of solvents on rotation of, 343. 
C,oH,,0, y-Butyryl-f8-dimethylbutyric acids, 1082, 1083. 
C,oH.,.0, Ethyl p-ethoxyhexoate, 2457. 
C,oH.,0, 2:3:5:6-Tetramethy! glucofuranose, 2257. 

Tetramethy] glucopyranose, 2282. 
C,oH,,N 1-Methyl-2-n-butylpiperidine, and its salts, 2964. 
C,oH,,N, 1:2:3:4:5:6-Hexamethylpiperazines, and their salts, 1340. 
C,oH,,As Di-n-propyl-n-butylarsine, 2289. 

Ethyldi-n-butylarsine, 2289. 
C,oH,,8b Ethyl-di-n-butylstibine, 1815. 

10 

C,.H;0,N 6-Nitrocoumarin-3-carboxylic acid, 784. 
C,.H,0,N, 6:8-Dinitrocarbostyril-3-carboxylic acid, 782. 
C,.H,O,N, 6-Nitro-2:3-dihydroxyquinoline-4-carboxylic acid, 784. 
C,oH,OSb §-Naphthylstibinous oxide, 1817. 
C,,.H,NBr, 1:3-Dibromo-p-naphthylamine, 2733. 
C,oH,0,N, Nitromethoxyquinolines, and their salts, 2625. 
C,oH,C1,Sb §-Naphthylchloroantimonic acid, ammonium salt, 1817. 
C,oH,0,Sb 8-Naphthylstibonic acid, 1817. 
C,.H,O,N Acetyl-6-nitroisovanillic acid, 1372. 
C,.H,N,Br 4-Bromo-l-naphthylhydrazine, 2195. 
C,oH,,.ON, Aminomethoxyquinolines, and their salts, 2625. 
CioH,,0,N 5-Phenyl-4-methyl-2-oxazolidone, 1137. 
C,oH,,0,N 4-Amino-w-acetoxyacetophenone, 1441. 
C,oH,,0,8, Phenylsulphonylmethylthioacetone, 1823. 
C,oH,,0,N, Nitro-p-dimethylaminoacetanilides, and their salts, 2977. 
C,oH,,0,Br «-Bromo-l-carboxycyclohexane-l-a-propionic anhydride, 1225. 
C,.H,,0,N, Triacetylcreatinine, 2054. 
C,.H,,ON, 5-Aminomethoxy-1:2:3:4-tetrahydroquinolines, 2625. 
C,oH,,0,8 Phenyl-n-butylsulphone, 1448. 
C,oH,,0,Br, «a’-Dibromo-3-methylcyclopentane-1:1-diacetic acid, 1073. 
C,oH,,0,8, p-Tolylsulphonylbis(methylsulphonyl)methane, 1825. 
C,.H,,ON Ephedrine, action of, on benzaldehyde, 1580. 

dl-a-m-Methoxyphenylethylmethylamine, and its hydrochloride, 2515. 
C..H,,OBr Bromopiperitone, 1422. 
C,oH,,0,N Oximinocamphor, rotation—dispersion of, 1715. 
C,oH,,;0,N, d-Nor--ephedrinoformylhydrazide, 1136. 
C,oH,,0,Br «-Bromo-l-carboxycyclohexane-l-a-propionic acid, 1225. 
©,.H,,Br.,As p-Xylyldimethylarsine dibromide, 2288. 
C,.H,,0,N, Camphor-y/-nitrole, 37. 











C,,.H,,0,8 Camphor-f-sulphonic acid, rotatory dispersion and circular dichro- 


ism of, 2654. 
CioH,,IAs Tolyltrimethylarsonium iodides, 2288. 
C,.H,,ON N-Methylhomogranatonine, and its salts, 1430. 
Croll 0.N 1:1-Dimethyl-2-y-ketobutyleyclopropane-3-carboxylic acid oximes, 


C,oH,,ON N-Methylhomogranatoline, and its picrate, 1432. 
C,oH,,0,T1 Diethylthallium propionylacetone, 2606. 
C,oH,,;0As Di-n-propyl-n-butylarsine oxide, 2289. 
Ethyldi-n-butylarsine oxide, 2289. 
C,,.H,,IA Dimethyldi-n-butylarsonium iodide, 2285. 
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10 IV 

C,,.H,0,N,8 2-Nitro-3-acetamido-1-thionaphthen, 2887. 
C,,.H.N,CIAs Di-3-pyridylchloroarsine, 1500. 4 
C,.H,O,N,As Di-3-pyridylarsonic acid, 1500. 
C,.H,O,NI, Ethylene di-iodohydrin p-nitrobenzoates, 1976. 
C,o0H,O,NS Quinoline methylenosulphate, 91. 
C,.H,,0,.N.Pd Dipyridinopalladous hydroxide, 1908. 
C,,H,,;0,.NS 2-Acetamidoanisyl 4-methyl sulphide, 719. 
C,,H,,0,NS 2-Acetamidoanisyl-4-methylsulphone, 719. 

Nitrophenyl-n-butylsulphones, 1448. 
C,oH,,0,NAs 6-Acetamido-p-xylyl-2-arsonic acid, 503. 
C,,H,,0.NS, Diethylsulphinebenzenesulphonylimine, 972. 
C,oH,.N,C1,Pt §-Diamminodipyridinoplatinous dichloride, 1012. 
C,oH,,.N,Ci,Pd, Diamminodipyridinopalladium chloropalladite, 1904. 


10 V 
C,H,,0;NS,As Dicarboxymethyl-4-amino-3-hydroxyphenylthioarsinite, 1369, 
C,9H,,.N,Cl,PdPt Diamminodipyridinopalladium chloroplatinite, 1905. 


C,, Group. 
C,,H,, 2-Methylene-trans-decalin, 2130. 


11 
C,,H,Br 4-Bromo-l-methylnaphthalene, 2016. 
C,,H,,.0, 5-Keto-2-methoxy-5:6:7:8-tetrahydronaphthalene, 2314. 
C,,H,.0, Acetyleverninaldehyde, 1390. 
B-m-Methoxybenzoylpropionic acid, 2314. 
C,,H,.N, 2:4-Diamino-l-methylnaphthalene, 1832. 
4:5-Diamino-1-methylnaphthalene, 2313. 
C,,H,,0, 2-Methoxy-6-methylpropiophenone, 1684, 
y-Phenoxypropy! methyl! ketone, 318. 
C,,H,,0, O-Ethyleverninaldehyde, 1391. 
y-m-Methoxyphenylbutyric acid, 2314. 
4-Methylcyclohexanespirocyclopropane-2’:3’-dicarboxylic anhydride, 1058. 
C,,H,,0, O-Ethyleverninic acid, 1391. 
cis-3-Methyleyclopentanespiro-2’-methoxycyclopropane-2’:3’-dicarboxylic an- 
hydride, 1076. 
C,,H,,0, 1:1-Dimethyl-4-allylcyclohexane-3:5-dione, 1084. 
C,,H,,0, Methyleyclohexanespirocyclopropane-2’:3’-dicarboxylic acids, 1056, 
1061. 


C,,H,,0, a-Hydroxy-a’-methoxy-3-methylcyclopentane-1:1-diacetolactone, 
1076. 


a-Ketomethylcyclohexane-1:1-diacetic acids, 1057, 1062. 
3-Methylcyclopentanespiro-2’-methoxycyclopropane-2’:3’-dicarboxylic acids, 
1076. 


C,,H,,0, 1:1-Dimethyl-4-propylcyclohexane-3:5-diones, 1083. 
$-Hydroxy-f-methyl-f-ethyl-4y-isooctenoic lactone, 1086. 
5-Propoxy-1:1-dimethyl-4‘-cyclohexen-3-ones, 1083. 
1:4:4-Trimethyl-1-ethylcyclohexane-3:5-dione, 1086. 

C,,H,,.0, 1-Propionylmethylcyclopentane-1-acetic acid, 1086. 

C,,H,,0, a-Hydroxy-a’-methoxy-3-methylcyclopentane-1:1-diacetic acid, 1076. 
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C,,H..0; y-isoButyryl-8-methyl-8-ethylbutyric acid, 1086. 
Ethyl y-propionyl-88-dimethylbutyrate, 1082. 

C,,H,,0, 2:3:5:6-Tetramethyl a-methylglucofuranoside, 2257. 
Tetramethyl methylglucopyranoside, 2281. 

C,,H,,;As Methyldi-n-amylarsine, 2285. 


1m 
C,,H,0,Br 8-Bromo-1l-naphthoic acid, 178. 
C,,H,0,N, 2:4:5-Trinitro-1-methylnaphthalene, 2313. 
C,,H,0,N, Dinitro-1-methylnaphthalenes, 2312. 
C,,H,ON 4-Amino-1l-naphthaldehyde, 2312. 
C,,H,0,Cl1 3-Chloro-4:6-dimethylcoumarin, 1183. 
C,,H,O.N 6-Nitro-2-methoxynaphthalene, 2717. 
C,,H,O,N 6-Nitro-3-acetoxy-4-methoxyphthalide, 1372. 
C,,H,,0,N, Dinitrocannabinolactone, 1352. 
C,,H,,0,N 3:3-Dimethylindolenine-2-carboxylic acid, 301. 
C,,H,,0,.N, Benzoylcreatinine, and its salts, 2054. 
C,,H,,0,N, 1:1-Dimethyl-2-y-ketobutyleyclopropane-3-carboxylic acid semi- 
carbazones, 1427. 
C,,H,,0,C1 O-Acetyleverninoyl chloride, 1393. 
C,,H,,ON, Vasicine, 2742. 
C,,H,,0,N, 1-(2’:4’-Dinitropheny])-3:4-dimethyl-4:5-dihydropyrazole, 2671. 
C,,H,,0,N 5:6-Dimethoxy-l-methylindole, 549. 
C,,H,,0,N 5:6-Dimethoxy-1-methyloxindole, 549. 
Ethyl B-2-pyridoylpropionate, 2965. 
C,,H,,ON, Cytisine, 2778. 
C,,H,,0,.N, p-Nitrophenylpiperidine, preparation of, 1257. 
C,,H,,0,N, Methyl n-propyl ketone 2:4-dinitrophenylhydrazone, 2610. 
C,,H,,0,8, Ethyl phenylsuiphonylmethylthioacetate, 1824. 
C,,H,,0N «-Dimethylaminopropiophenone, and its picrate, 1937. 
C,,H,,0,N m-Acetamidopheny] isopropyl ether, 873. 
a-2-Carbethoxy-4!-cyclopentenylpropionitrile, 2430. 
a-Ethoxypropionanilide, 2283. 
Ethyl y-2-pyridylbutyrate, 2965. . 
C,,H,,0.N, 2-Methoxy-4-methylacetophenone semicarbazone, 1683. 
2-Piperidy1-5-nitroaniline, 2773. 
C,,H,,0,N; 2:4-Dinitromethylisobutylaniline, 1355. 
a a ie al anhydrides, 


C,,H,,0,N, 4-Nitroso-3-isopropoxydimethylaniline, and its hydrochloride, 873. 
C,,H,,0,Br aa’-Dibromo-4-methylcyclohexane-1:1-diacetic acid, 1057. 
C,,H,,ON m-isoPropoxydimethylaniline, 873. 
C,,H,,IAs £-Phenylethyldimethylarsine methiodide, 2288. 

m-Xylyldimethylarsine methiodide, 2288. 
C,,H,,0,N, y-Keto-8-hydroxymethyl-8-methylbuty] alcohol semicarbazone, 2671. 
C,,H,,0,T1 Diethylthallium dipropionylmethane, 2606. 

Dipropylthallium acetylacetone, 2606. 
C,,H,,0,8 «-Sulphoundecoic acid, and its sodium salt, 597. 
C,,H,,N,I Hexamethylpiperazine methiodide, 1339. 
C,,H,,IAs Di-n-propyl-n-butylarsine methiodide, 2289. 

Ethyldi-n-butylarsine methiodide, 2289. 
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ll Iv 
C,,H,ONBr 8-Bromo-l-naphthoamide, 178. 
C,,H,ON,Cl 8-Chloro-5-acetamidoquinoline, 2107. 
C,,H,ON,Br 8-Bromo-5-acetamidoquinoline, 2106. 
C,,H,O;N.Cl, Carbethoxyglyoxal 2:4:5-trichlorophenylhydrazone, 1026. f 
C,,H,,ONC] 4-Chloro-8-methoxyquinaldine (+ H,O), 1985. 
C,,H,,0,NAs p-Arsinoglutaranilic acid, 279. 
C,,H,,O,NWAs p-Arsonoglutaranilic acid, 280. 
C,,H,,0,N,As Glutaranilamide-p-arsonic acid, ammonium salt, 278. 
C,,H,,ONBr Dimethylaminomethyl benzyl ketone hydrobromide, 2610. 
C,,H,,0;N,As p-Arsonoanilinomalonbismethylamide, 2781. 
C,,H,,0,CIS Methyl a-chlorocamphor-10-sulphonate, 1741. 
C,,H,,0,BrS Methyl a-bromocamphor-10-sulphonate, 1742. 
C,,H,,0;,NS, £8’-Dihydroxydiethylsulphine-p-toluenesulphonylimine, 971. 
C,,H,,0,AsSb Methyltriethylarsonium d-tartrate, 1818. { 


lv 
C,,H,,0,;NAsCl, p-Dichloroarsinoglutaranilic acid, 280. 
C,,H,,0;NSNa Sodium 5:6-dimethoxy-1-methylindolyl 2-sulphite, 549. 


C,, Group. F 
C,,.H,, Diphenyl, synthesis of, 1641. a 


120 
C,,H,N 5-Cyano-l-methylnaphthalene, 2722. 
C,,.H,.N; Glyoxalinyl-1’-quinolines, 1809. 
C,,.H,,0, 6-Methyl-2-naphthoic acid, 1788. 
C,,H,,0,; 7-Methoxy-l-naphthoic acid, 2716. 
C,,.H,,Br w-Bromo-1:4-dimethylnaphthalene, 2019. 
C,,.H,,0, 2:3-Dimethoxynaphthalene, and its picrate, 1487. 

Trimethyl-1:4-benzopyrones, 1683. 

C,,H,,0, 7-Methoxy-2:8-dimethyl-1:4-benzopyrone, 1692. 
C,,.H,.0, cis-a-Benzyl-4e-propene-ay-dicarboxylic acid, 2441. 

cis-a-Methy]-48-propene-ay-dicarboxylic acid, 2448. 

C,,H,;N w-Amino-1:4-dimethylnaphthalene, and its hydrochloride, 2018. 
C,.H,,As $-Naphthyldimethylarsine, 2289. 
C,,H,,0, 1-Keto-6:7-dimethoxy-1:2:3:4-tetrahydronaphthalene, 1486. 

2-Methoxy-f:4-dimethylcinnamic acid, 1683. 

2-Methoxy-f:5-dimethylcinnamic acid, 1181. 

C,.H,,0, Acetylisorhizonaldehyde, 1677. 

2-Hydroxy-4-methoxy-3-methylbenzoylacetone, 1692. 
C,.H,,0, Acetylisorhizonic acid, 1677. 

B-3:4-Dimethoxybenzoylpropionic acid, 1486. h 
C,.H,,0, Derric acid, 1387. iF 
C,,H,,0, Ethyl 2:5-dimethylphenylacetate, 2525. . 
C,.H,,0, -3:4-Dimethoxyphenylbutyric acid, 1486. 

Ethyl 1-O-ethylorsellinate, 1392. 

Ethyl isorhizonate, 1678. 

a-Hydroxy-2-carboxyhexahydrohydrindene-2-acetolactones, 1223. 

nee eT anhydrides, 
C,,H,,0, Methyl cyclobutane-1:2:3:4-tetracarboxylate, 1429. 
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C,.H,,0, 2:3-Diacetyl methylglucofuranoside 5:6-monocarbonate, 2256. 

C,.H,,N Aminophenylcyclohexanes, and their salts, 2649. 
cycloHexylaniline, and its hydrochloride, 2651. 

C,,H,,0, trans-Decahydronaphthylidene-2-acetic acids, 2129. 
a-Methyl-trans-hexahydrohydrindylidene-2-acetic acid, 2162. 
a-Methyl-trans-hexahydroindeny]-2-acetic acid, 2163. 
cycloPentanespiro-4:4-dimethylcyclohexane-3:5-dione, 1086. 

C,.H,,0, «-Hydroxy-2-carboxyhexahydrohydrindene-2-acetic acids, 1223, 
Methylcyclohexanespiro-2’-methoxycyclopropane-2’:3’-dicarboxylic acids, 

1059, 1063. 
Methy] a-keto-3-methylcyclopentane-1:1-diacetate, 1074. 

C,,H,,0, Methyl aa’-diacetyladipate, 2959. 

C,,H,,.N Dimethylamino-a-phenylbutanes, salts of, 1940. 

C,,H,,As Phenyldi-n-propylarsine, 2289, 

C,,H,,0, 1:1-Dimethyl-4-butylcyclohexane-3:5-dione, 1084. 

C,,H,,0, 1-isoButyrylmethylcyclopentane-1l-acetic acid, 1087. 

Ethyl 1-acetyl-3-methylcyclopentane-1l-acetate, 1078. 

Ethyl 4-isopropylcyclohexan-l-one-2-carboxylate, 2799. 
2-Hydroxy-trans-decalin-2-acetic acids, 2129. 
2-Hydroxy-a-methyl-trans-hexahydrohydrindene-2-acetic acid, 2161. 
1-Propionylmethylcyclohexane-1-acetic acid, 1087. 

C,,H,.0, Ethyl hydrogen 3-methylcyclopentane-1:1-diacetate, 1070. 
Methyl 3-methylcyclopentane-1:1-diacetate, 1077. 

C,,H,,.0, Ethyl f-ethoxy-4«-butene-a8-dicarboxylate, 2566. 

Ethyl 3-ethoxy-3-methylcyclopropane-1:2-dicarboxylate, 2564. 

C,,H..N, Tetramethyl-m-xylylenediamine, picrate of, 67. 

C,,H,,0, Ethyl y-butyryl-88-dimethylbutyrates, 1082, 1083. 

C,,H,.0, 2:3:5:6:7-Pentamethyl a-glucoheptono-y-lactone, 2483. 

C,,H,,0, 2:3:5:6-Tetramethyl f-ethylglucofuranoside, 2257. 

C,:H,,As Ethyldi-n-amylarsine, 2289. 

C,,H,,8b Ethyldi-n-amylstibine, 1815. 


12 

C,,.H,NCl, 3:5:3’:5’-Tetrachlorodiphenylamine, 1773. .: 
C,,H,O,N, 6-Nitro-2-aminodiphenylene oxide, 2367. 
C,,H,ON 3-Aminodiphenylene oxide, 2367. 
C,,H,OI 2-Iododiphenyl ether, 282. 

3-Iododipheny] ether, 2859. 
C,,H,O,Br Methyl 8-bromo-l-naphthoate, 178. 
C,,H,0,Br 8-Bromo-7-methoxy-l-naphthoic acid, 2716. 
C,,.H,O,N 3-Nitro-7-methoxy-1l-naphthoic acid, 2717. 
C,,H,O,N, Ethyl 6:8-dinitrocarbostyryl-3-carboxylate, 782. 
C,,H,NCl, 3:5-Dichlorodiphenylamine, 1773. 

2:2’-Dichlorodiphenylamine, 1777. 
C,.H,N,S 2’-Thiolglyoxalinyl-1’-quinolines, 1809. 
C,,H,,ON, 2:6-Diaminodiphenylene oxide, 2366. 
C,,H,,0,N, Dinitro-1:4-dimethylnaphthalene, 2019. 
C,,H,,0,N, 6-Nitro-2-hydroxy-4-ethoxyquinoline-3-carboxylic acid, 784. 
C,,H,,0,N, 6:8-Dinitro-2-hydroxyquinolyl-3-urethane, 783. 
C,,H,,ON w-Nitro-1:4-dimethylnaphthalene, 2017. 
C,.H,,0,P Diphenoxyphosphoric acid, creatinine salt of, 2054. 
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C,,H,,;0,N 4-Hydroxy-8-ethoxyquinaldine (+ 2H,0), and its salts, 1985. 
C,:H,,0,N Phthalo-y-hydroxybutylimide, 308. 

C,,H,;0,C1 O-Acetylrhizonoy] chloride, 1679. 

C,,H,,0,N y-Keto-8-methylbutyl p-nitrobenzoate, 2671. 

C,,H,,0;P p-Phenoxyphenylphosphonic acid monohydrate, 2881. 

C,,H,,0.N, N-Methyleytisamides, 2780. 

C,,.H,,0,.N, 1-(2’:4’-Dinitrophenyl)-4-methyl-3-ethyl-4:5-dihydropyrazole, 2672. 
C,,H,,ON 5-Ethoxy-3:3-dimethylindolenine, and its salts, 303. 

CrsH0.Ns 5-Keto-2-methoxy-5:6:7:8-tetrahydronaphthalene semicarbazone, 


C,,H,,0,N 1-Keto-6:7-dimethoxy-1:2:3:4-tetrahydronaphthalene oxime, 1487. 
C,,H,,0,N §-Aminoethyl ethyl phthalate and its salts, 316. 
C,,H,,0,N,; §-m-Methoxybenzoylpropionic acid semicarbazone, 2314. 
C,,H,,0,Br y-2-Bromo-4:5-dimethoxyphenylbutyric acid, 1486. 
C,,H,,0,8, p-Tolylsulphonylethylthioacetone, 1823. 
C,,H,,C1,Si cycloHexylphenylsilicon dichloride, 2207. 
C,,H,,ON «-Dimethylaminoisobutyrophenone, picrate of, 1937. ; 
C,,H,,0,N a-2-Carbethoxy-4'-cyclohexenylpropionitrile, 2432. 
C,,H,,0.N,; 2-Methoxy-6-methylpropiophenone semicarbazone, 1684. 
y-Phenoxypropyl methyl ketone semicarbazone, 319. 
C,,.H,,0,Br «-Bromo-2-carboxy-trans-hexahydrohydrindene-2-acetic acid, 1223. 
—— ee a-bromo-a’-hydroxy-3-methylcyclopentane-1:1-diacetolactone, 


C,,H,,0.N, d- and /-Miotines, and their hydrochlorides, 2519. 

C,,H,,0.8i cycloHexylphenylsilicanediol, 2207. 

C,,.H,,0,Br, Ethyl hydrogen aa’-dibromo-3-methylcyclopentane-1:1-diacetate, 
1073. 


C,,H,.NBr Benzyldimethylallylammonium bromide, 1938. 

C,,H,,ON trans-Decahydronaphthylidene-2-acetamides, 2129. 
a-Methyl-trans-hexahydrohydrindylidene-2-acetamide, 2162. 

CrsHtnON, 3-Methylcyclopentanespirocyclopentane-3’:4’-dione semicarbazone, 


C,,.H,,0,N, trans-cycloHexane-2-acetone-l-acetic acid semicarbazone, 2131. 

C,,H,,0,N Ethyl 2-carbethoxypiperidinoacetate, 2973. 

C,.H,,0,8i Dicyclohexylsilicanediol, 2208. 

C,,H,,0,8e Selenobisdiethylacetal, 2486. 

C,,H,,OAs Ethyldi-n-amylarsine oxide, 2289. 

C,,H,,0Sb Triisobutylstibine oxide, 1816. 

C,,H,,N,I «a-Hexamethylpiperazine ethiodide, 1342. 

C,,H,,C1,8b Triisobutylstibine dichloride, 1816. 

C,,H,,Br,Sb Triisobutylstibine dibromide, 1816. 

C,,H,,1,8b Triisobutylstibine di-iodide, 1816. 

C,,H,.N.I, a-Hexamethylpiperazine dimethiodide, 1342. 

C,,.H,.IAs Dimethyldi-n-amylarsonium iodide, 2285. 
Di-n-propyl-n-butylarsine ethiodide, 2289. 


12 IV 
C,,H,0,N,Cl, 4:4’-Dichloro-2:3’:5’-trinitrodiphenyl, 296. 
C,,.H,0,N,F, 4:4’-Difluoro-2:2’-dinitrodiphenyl, 511. 
C,,H,OCI,I 3-Iododipheny] ether iododichloride, 2859 
C,,H,ONBr, 1:3-Dibromoaceto-2-naphthalide, 2734. 
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C,,H,OC1,P p-Phenoxyphenyldichlorophosphine, 2881. 

C,,H,O,N,Cl 2-Chlorobenzoquinone-4-oxime-1l-p-nitrophenylhydrazone, 868. 

C,,H,O,NS 2-Nitrodiphenylsulphone, 1490. 

C,,H,O,NS 2-Nitro-4’-hydroxydiphenylsulphone, 1490. 

C,.H,,0,BrP p-Bromo-p’-phosphonodipheny] ether, 2881. 

C,,H,,ONC] 4-Chloro-8-ethoxyquinaldine (+ H,O), 1985. 

C,,H,,0,NBr Phthalo-y-bromobutylimide, 308. 

C,,H,,ONBr 1:3-Dimethyl-3-8-bromoethyl-2-indolinone, 320. 

C,.H,,0,NBe 5-Hydroxy-1:3-dimethyl-3-8-bromoethyl-2-indolinone, 332. 

C,,.H,,O,NAs Methyl p-arsonoglutaranilate, and its sodium salt, 277. 

C,,.H,,0,N.As Glutaranilomethylamide-p-arsonic acid, and its sodium salt, 278. 

C,,H,,.N,Cl,Pd Dipyridinoethylenediaminopalladous chloride, 1907. 

C,.H,,0,CIS Ethyl a-chlorocamphor-10-sulphonate, 1741. 

C,,H,,0,BrS Ethyl a-bromocamphor-10-sulphonate, 1742. 

C,,H,.0,NI Methyl lupinate a- and f-methiodides, 2967. 

C,,H,,0,PSb Tetraethylphosphonium antimony] d-tartrate, 1818. 

C,.H,,0,AsSb Dimethyldi-n-propylarsonium antimony! d-tartrate, 1818. 
Tetraethyl arsonium antimony] d-tartrate, 1818. 


wv 
C,,.H.O,NCIS Phenyl 2-chloro-5-nitrobenzenesulphonate, 2024. 
C,,H,O,NIS Phenyl 2-iodo-5-nitrobenzenesulphonate, 2025. 
C,,.H,,0,NCIS Phenyl 2-chloro-5-aminobenzenesulphonate, 2024. 
C,sH,.0.NS,As Dicarboxymethyl 4-acetamido-3-hydroxyphenylthioarsinite, 


C,,H,,0,;N,8,As Di(8-amino-8-carboxyethyl)3-amino-4-hydroxyphenylthio- 


arsinite, 2510. 
C,,.H;,0,N,Cl,Ni Ditris-(8-hydroxyethyl)aminonickel chloride, 2862. 


C,, Group. 
C,,;H,, 1-isoPropylnaphthalene, and its picrate, 466. 


13 0 

C,;H,,.0, Phenyl benzoate, saponification of, in aqueous ethyl alcohol, 2643. 

C,;H,.N, 9-Aminophenanthridine, 2229. 

C,;H,,Cl, 3:5-Dichloro-4-methyldiphenyl, 1470. 

C,;H,,0l, 2:3:5-Trichloro-1-phenyl-4-methyl-4**-cyclohexadiene, 1471. 

C,,H,,0 2-Hydroxy-5-methyldiphenyl, 1834. 
5-Methyl-1-naphthyl methyl ketone, 2722. 

C,,;H,,0, 6:7-Dimethyl-2-naphthoic acid, 2251. 

Methyl] 6-methyl-2-naphthoate, 1788. 

C,,;H,,0, 8-Ethoxy-l-naphthoic acid, 2732. 

C,;H,.N, 2:6-Dimethylperimidine, 2313. 

C,;H,.Cl, 3:5-Dichloro-1-phenyl-4-methyl-4***-cyclohexadiene, 1470. 

C,,H,,0, 6:7-Dimethoxy-1-methylnaphthalene, and its picrate, 1487. 
2:5-Dimethyl-3-ethyl-1:4-benzopyrone, 1686. 
4:6-Dimethyl-3-ethylcoumarin, 1182. 

C,,;H,,0, trans-a-Benzyl-8-methyl-4e-propene-ay-dicarboxylic acid, 2438. 
trans-a-Benzyl-y-methyl-48-propene-ay-dicarboxylic acid, 2443. 
a-Phenyl-y-methyl-4«-butene-85-dicarboxylic acid, 9. 

C,,;H,,0, 2:4-Dicarbethoxyphloroglucinaldehyde, 2301. 
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C,;H,,0,; 2-Methoxy-a:$:4-trimethylcinnamic acid, 1685. 
6-Phenyl-3-hydroxymethyl1-3-methyltetrahydro-y-pyrone, 2671. 
y-Propiony]-8-phenylglutaric acid, 1084. 

C,,H,,0, Ethyl 2-aldehydo-4:5-dimethoxyphenoxyacetate, 1386. 

C,,H,,0, Rissic acid, 1386. 

C,,H,,N 4-Amino-3-cyclohexyltoluene, and its hydrochloride, 2651. 
cycloHexyl-p-toluidine, and its hydrochloride, 2652. 

C,;H..0 trans-Decahydronaphthylidene-2-acetone, 2136. 
a-Methyl-trans-hexahydrohydrindylidene-2-acetone, 2163. 
4?-trans-Octahydronaphthyl-2-acetone, 2136. 

C,;H..0, trans-Decahydronaphthylidene-2-a-propionic acid, 2143. 
Ethyl trans-hexahydrohydrindylidene-2-acetate, 2155. 
cycloHexanes piro-4:4-dimethylcyclohexane-3:5-dione, 1088. 

Methyl a-methyl-trans-hexahydrohydrindylidene-2-acetate, 2162. 
4*-Octahydronaphthalene-2-a-propionic acid, 2142. 

C,;H..0, Ethyl 2-carbethoxy-4'-cyclopentenylpropionate, 2431. 
Ethyl 2-carboxy-4!-cyclohexenylacetate, 2433. 

C,,H.,.0, Methyl a-ketomethylcyclohexane-1:1-diacetates, 1058, 1062. 

C,,;H..0, 1-isoButyrylmethylcyclohexane-l-acetic acid, 1088. 
4:9-Dimethyl-2-decalol-6-carboxylic acid, 2753. 

Ethyl 1-propionylmethylcyclopentane-l-acetate, 1087. 
2-Hydroxy-trans-decalin-2-a-propionic acids, 2142. 

C,,H,.0, Ethyl hydrogen 4-methylcyclohexane-1:1-diacetate, 1055. 

C,;H.,0, Ethyl a-carbethoxy-y-methylglutarate, 1038. 

C,,H,.0, Ethyl a-methylcitrate, 1091. 

C,;H,,As Dicyclohexylmethylarsine, 2286. 

C,,H,,0, Malonbisamylamides, 2781. 

C,;H.,As Methyldi-n-hexylarsine, 2285. 


13 I 
C,,H,0,N 7-Nitro-3-methoxyacenaphthenquinone, 2717. 
C,,H,0,N 6-Nitro-2-methoxynaphthalic anhydride, 2717. 
C,,H,0,I, m-Iodophenyl phenyl carbonate, 2859. 
C,,H,0,N, Dinitrophenoxybenzaldehydes, 955. 
C,,H,O,N, Benzo-2:4:6-trinitroanilide, 2364. 
C,,H,NCl, Benzo-3:5-dichloroanilide iminochloride, 1773. 
C,,H,0.I m-Iodophenyl benzoate, 2858. 
C,,H,O,N Nitrodiphenylearboxylic acids, 1891. 
C,,H,O,As 7-Hydroxyfluorenone-2-arsonic acid, and its sodium salt, 1640. 
C,,H,NCl, o-Chlorobenzanilide imidochloride, 652. 
C,,H,,0,N, Dinitro-4-methyldiphenyl, 1891. 
4:4’-Dinitro-3-methyldiphenyl, 2247. 
C,,H,,0N, 8-(Glyoxalinyl-1’)-6-methoxyquinoline, 1810. 
C,,H,,0I m-Iodophenyl benzyl ether, 2858. 
C,,H,,0,N 4-Nitrocatechol 2-benzyl ether, 2879. 
C,,H,,0,N, 2:4-Dinitrophenylbenzylamine, 2364. 
C,;H,,NCl, 3:5-Dichloro-4’-amino-4-methyldiphenyl, 1471. 
C,;H,,N,Cl 7-Chloro-2:6-dimethylperimidine, 2313. 
C,,H,,0ON, o-Xenylcarbamide, 2230. 
C,,H,,0,N, 2’:4’-Dinitro-2-aminomethyldiphenylamines, 2359. 
C,,H,,0N, 1-Methyl-4-naphthaldehyde semicarbazone, 2016. 
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C,,H,,0Cl 5-Chloro-1-phenyl-4-methyl-4*-cyclohexen-3-one, 1470. 

C,,H,,0.N, Benzylidineacetylcreatinine, and its potassium salt, 2052. 

©,;H,,0,N 5:6-Diacetamido-1-methylindole, 548. 
y-Phthalimido-a-methylbutyric acid, 317. 

C,;H,,0.N Ethyl 3:3-dimethylindolenine-2-carboxylate, 300. 

C,;H,,0,N 5-Ethoxy-3:3-dimethylindolenine-2-carboxylic acid, 302. 

C,,;H,,;0,N y-Keto-8-methyl-n-amyl p-nitrobenzoate, 2672. 

C,;H,,[As §-Naphthyldimethylarsine methiodide, 2289. 

C,,;H,,0,N, Ethyl benzoylpropionate semicarbazone, 2448. 
Ethyl formylbenzylacetate semicarbazone, 2441. 

C,,;H,,0,Tl Ethyl (dimethylthalli)benzoylacetate, 2738. 

C,,;H,,0,N Ethyl 2-carbethoxy-4'-cyclopentenylcyanoacetate, 2429. 

C,,H,,0,N, 9-Methyl-4?-decalene-4:6-dione-2-carboxylic acid semicarbazone, 
2755. 

C,;H,,ON, dl-Noresermethole, and its salts, 1437. 

C,,;H,,0.N, Ethyl 1-cyanocyclohexane-l-a-cyanopropionate, 1224. 
5-Methoxy-1:3-dimethyl-3-8-aminoethyl-2-indolinone, and its salts, 1436. 

C,,;H,,0,N, a-Keto-8-methylbutyric acid p-ethoxyphenylhydrazone, 302. 

C,,H,,0,N, Methyleyclohexane-1:1-dicarbamylacetimides, 1054, 1060. 

C,,H,,0,N Ethyl 2-carboxy-4'-cyclopentenylmalonamate, 2430. 

Cit OM, 5-Methoxy-1:3-dimethyl]-3-8-aminoethylindoline, and its salts, 


C,;H,,ON 4?-Octahydronaphthalene-2-a-propionamides, 2142. 
C,;H,,0,N, Ethyl l-acetyl-3-methylcyclopentane-1-acetate semicarbazone, 1078, 
trans-cycloHexane-1-acetic acid 2-methyl ethyl ketone semicarbazone, 2145, 
C,,H,,0,N Ethyl a-2-carbethoxypiperidinopropionate, 2973. 
Ethyl p-2-carbethoxypiperidinopropionate, 2971. 
C,,;H,,0,T1 Dibutylthallium acetylacetone, 2606. 
Dipropylthallium dipropionylmethane, 2606. 
C,;H,,0Sb Methyltritsobutylstibonium hydroxide, salts of, 1816. 


13 IV 
C,,H,0,N,Cl 1-Chloro-4-nitroacridone, 2773. 
C,;H,0,N,Br 1-Bromo-4-nitroacridone, 2773. . 


C,,H,OCI,I 2:4:6-Trichloro-3-iodophenyl benzyl ether, 2860. 
C,;H,0,Cl,I, m-Iodophenyl phenyl carbonate bisiododichloride, 2859. 
C,;H,ONC], Benzo-3:5-dichloroanilide, 1773. 
C,;H,OCI,I 4:6-Dichloro-3-iodophenyl benzyl ether, 2860. 
C,,;H,O,NCl, 3:5-Dichloro-4’-nitro-4-methyldiphenyl, 1471. 
C,;H,O,N,Cl p-Nitrobenzanilide imidochloride, 651. 
C,,H,0,Cl,I m-Iodophenyl benzoate iododichloride, 2858. 
C,,;H,0,N,Cl 2-Chloro-5-nitrodiphenylamine-6’-carboxylic acid, 2773. 
C,,H,O,N.Br 2-Bromo-5-nitrodiphenylamine-6’-carboxylic acid, 2773. 
C,,H,O,N,Br 2’-Bromo-2:4:6-trinitro-4’-methyldiphenylamine, 2364. 
C,,H,NCIBr p-Bromobenzanilide imidochloride, 652. 
C,,H,,OCII 6-Chloro-3-iodophenyl benzyl ether, 2860. 
C,;H,,0,.NI m-Iodophenyl phenylearbamate, 2859. 
C,,;H,,0N,8 8-(Thiolglyoxalinyl-1’-)-6-methoxyquinoline, 1810. 
C,,;H,,0,NS 4-Nitrophenyl 4-hydroxy-m-tolyl sulphide, 1491. 
C,,H,,0,N,Br m-Nitrophenacylpyridinium bromide, 1155. 
C,,H,,0,IS m-Iodophenyl p-toluenesulphonate, 2858. 
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C,,H,,0,NS 4-p-Nitrophenoxytoluene-3-sulphinic acid, 1491. 
4-Nitropheny]-4’-hydroxy-m-tolylsulphone, 1491. 
C,,H,,ONBr Phenacylpyridinium bromide, 1155. 


; C,;H,,0,N,8 0o-Nitrobenzenesulpho-p-toluidide, 2775. 


C,,H,,ONBr p-Methoxybenzylpyridinium bromide, 2635, 
C,;H,,0.NBr 5-Methoxy-1:3-dimethyl-3-8-bromoethyl-2-indolinone, 333. 
C,,H,,0,NAs Ethyl p-arsinoglutaranilate, 279. 
C,,H,.0,NAs Ethyl p-arsonoglutaranilate, and its sodium salt, 277. q 
C,,H,,0,NAs Ethyl p-arsonoanilinomalonate, 2782. : 
CroH,,0.N,As Glutaranildimethylamide-p-arsonic acid, and its sodium salt, 

78. 


Glutaraniloethylamide-p-arsonic acid, and its sodium salt, 278. 
C,;H.,.0;N,As p-Arsonoanilinomalonbisethylamide, 2781. 
C,,;H,,0,.N.Br Bromomalonbisamylamides, 2782. 


13 V 
C,,;H,O,NCI1,I m-Iodophenyl phenylcarbamate iododichloride, 2859, 
C,,H,O,N,FS Benzaldehyde-o-sulphonyl fluoride 2:4-dinitrophenylhydrazone, 
2046. 


C,,;H,,0,C1,IS m-Iodophenyi p-toluenesulphonate iododichloride, 2858. 


C,,H,, Octahydrophenanthrene, 2523. 


1440 
C,,H,.0, 2:4-Dihydroxy-3-methylbenzophenone, 1693. 
C,,H,,0, Methyl naphthalene-2:6-dicarboxylate, 1788. 
C,,H,.N, 3-Amino-9-methylphenanthridine, 2228. 
C,,H,,0 6-Methyl-2-naphthyl ethyl ketone, 2249. 
C,,H,,0, Methyl 6:7-dimethyl-2-naphthoate, 2251. 
C,,H,,0, 8-Propoxy-l-naphthoic acid, 2732. 
C,,H,,N Aminodimethyldiphenyls, 2393. 
Benzylmethylaniline, picrate of, 1938. 
C,,H,,0, Pyroguaiacin methyl ether, and its picrate, 1488, 
C,,H,,0; Bishydroxymethyltetrahydro-y-pyrone benzoate, 2670. 
C,,H,,N, 5-Amino-8-piperidinoquinoline, 2106. 
C,,H,,0 2-8-Phenylethylcyclohexanone, 2523. 
C,,H,,0, 1-Keto-6:7-dimethoxy-2:3-dimethyl-1:2:3:4-tetrahydronaphthalene, 
1487. 
2-Methoxy-f:4-dimethyl-a-ethylcinnamic acid, 1687. 
2-Methoxy-f:5-dimethyl-a-ethylcinnamic acid, 1182. 
C,,H,,0, §-3:4-Dimethoxybenzoyl-af-dimethylpropionic acid, 1487. 
C,,H,,0, Methyl 3-methylcyclopentanespiro-3’:4’-diketocyclopentane-2’:5’-di- 
carboxylate, 1078. 
C,,H,,0 2-8-Phenylethylcyclohexanol, 2523. 
C,,H,,.0, 1:1-Dimethyl-4:4-diallyleyclohexane-3:5-dione, 1084. 
1-(4’-Methoxy-m-tolyl)cyclohexanol, 1834. 
C,,H,.0 Ethyl trans-decahydronaphthylidene-2-acetates, 2133. 
a-Methyl-4?-trans-octahydronaphthyl-2-acetone, 2146. 
C,,H,,.0, Ethyl a-methyl-trans-hexahydrohydrindylidene-2-acetate, 2164. 
Ethyl a-methyl-trans-hexahydroindenyl-2-acetate, 2164. 
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C,,H,,0, Ethyl 1-isobutyrylmethylcyclopentane-l-acetate, 1087. 
Ethyl 2-hydroxy-a-methyl-irans-hexahydrohydrindene-2-acetate, 2161. 
Ethyl 1-propionylmethylcyclohexane-1l-acetate, 1087. 
C,,H,,N, 3-Bisdimethylamino-a-phenylbutane, and its picrate, 1939. 
C,,H,,0, Ethyl y-isopropylpimelate, 2799. 
C,,H,,As Dicyclohexylethylarsine, 2289. 
C,,H,,8b Ethyldicyclohexylstibine, 1815. 


14 I 


C,,H,0,Cl, Tetrachloroanthraquinone, 80. 
C,,H,0,Cl, Trichloroanthraquinones, 80. 
C,,H,0,Cl, 4’:4:5-Trichloro-2-benzoylbenzoiec acid, 81. 
C,,H,0,N, 2:7-Dinitrofluorene-9-carboxylic acid, 2361. 
C,,H,O,N 2-Nitrofluorene-9-carboxylic acid, 2361. 
C,,H,O,N, 2-Nitro-1:2-di-p-nitrophenylethylene, 1463. 
2-Nitro-1-p-nitrophenyl-2-m-nitrophenylethylene, 1463. 
C,,H,,0,N, Nitro-9-methylphenanthridines, 2227. 
C,,H,,0,8 7-Hydroxy-1-methoxythioxanthone, 1797. 
C,,H,,0,N, 2-Nitro-1-phenyl-2-m-nitrophenylethylene, 1462. 
C,,H,,0,8 1:8-Dihydroxy-4-methoxythioxanthone, 1796. 
C,,H,,0,N, 2:2’-Dinitrobenzilic acid, 2360. 
C,,H,,0,N 2-Aminofluorene-9-carboxylic acid, 2362. 
C,,H,,0,I w-3’-Iodophenoxyacetophenone, 2859. 
C,,H,,0,N, 0-2:4-Dinitrophenoxybenzaldoxime O-methyl ether, 956. 
C,,H,,0,N, 0O-p-Nitrobenzyl-4:5-dinitroguaiacol, 1238. 
C,,H,,0,N, 2:7-Diaminofluorene-9-carboxylic acid, 2362. 
C,,H,,0;N, m-Nitro-w-anilinoacetophenone, 1155. 
C,,H,,0,N, 2:4:6-Trinitro-4’-ethoxydiphenylamine, 2364. 
C,,H,,NCl m-Chlorobenzylidenebenzylamine, 703. 
C,,H,,NBr m-Bromobenzylidenebenzylamine, 703. 
C,,H,,NI m-Iodobenzylidenebenzylamine, 704. 
C,,H,,0Br 6-Methyl-2-naphthyl a-bromoethyl ketone, 2249. 
C,,H,,0,.N Methyl o-xenylcarbamate, 2231. “ 
Nitrodimethyldiphenyls, 2393. 
C,,H,,0,As p-Carboxydiphenylmethylarsine, 967. 
C,,H,,0,As p-Carboxydiphenyl methylarsenoxide, 968. 
C,,H,,0,N, 2:4-Dinitromethylbenzylaniline, 1357. 
Dinitrodimethyldiphenylamines, 2363. 
2:4-Dinitro-5-methylphenylbenzylamine, 2364. 
C,,H,,0,N Methyl-8-phthalimidoethylmalonic acid, 316. 
C,,H,,ON, Salicylaldehyde methylphenylhydrazone, 955. 
C,,H,,0,N, Benzyl hyponitrite, 2595. 
C,,H,,0,N, 2:2’-Diaminobenzilic acid, 2361. 
C,,H,,ON w-Acetamido-1:4-dimethylnaphthalene, 2018. 
C,,H,,0P p-Phenoxyphenyldimethylphosphine, 2882. 
C,,H,,0,N, Benzylideneacetylmethylcreatinine, 2053. 
5-Nitro-8-piperidinoquinoline, 2105. 
8-Nitropiperidinoquinolines, 1261. 
8-Nitroquinolylpiperidine, 1261. 
C,,H,,0,N 2:6-Dihydroxy-3-8-phenoxyethyl-4-methylpyridine, 2020. 
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C,,H,,0.N, Ethyl a-cyano-f-imino-y-phenylvalerate, 1831. 
Ethyl 2:4-diamino-1-methylnaphthalene-3-carboxylate, 1831. 
3-Keto-10-ethoxy-7-methyl-3:4:5:6-tetrahydro-4--carboline, 315. 
C,,H,,N,S, 2:2’-Diamino-5:5’-ditolyl disulphide, 1988. 
C,,H,,0.N, 3-Keto-10-ethoxy-7-methyl-3:4:5:6:7:2-hexahydro-4-carboline, 315. 
C,,H,,0,N Ethyl 2-carbethoxy-4'-cyclohexenylcyanoacetate, 2432. 
Ethyl a-cyano-a-2-carbethoxy-4'-cyclopentenylpropionate, 2430. 
C,,H,,0,N Ethyl a-cyano-y-methylaconitate, 1092. 
C,,H.,.ON, di-Noreserethole, and its salts, 313. 
C,,H,,0;,N Ethyl 2-carboxy-4!-cyclohexenylmalonamate, 2432. 
C,,H..0,N, Triacetyl erythrosediacetamide, 2974. 
C,,H..0,Br, Ethyl aa’-dibromo-3-methylcyclopentane-1:1-diacetate, 1072. 
C,,H.,0N, trans-Decahydronaphthylidene-2-acetone semicarbazone, 2135. 
a-Methyl-trans-hexahydrohydrindylidene-2-acetone semicarbazone, 2165. 
4?-trans-Octahydronaphthyl-2-acetone semicarbazone, 2136. 
C,,H,,0,Br Ethyl a-bromo-3-methylcyclopentane-1:1-diacetate, 1070. 
C,,H,,0,8, «-Xanthatoundecoic acid, 596. 
C,,H,,0,Sb, Methyltri-n-propylstibonium antimony] d-tartrate, 1818. 
C,,H,,.IAs Dicyclohexyldimethylarsonium iodide, 2286. 


14 IV ‘ 
C,,H;0,C1,8 2:3-Dichloroanthraquinone-6-sulphonyl chloride, 78. 
C,,H,0,C1,8 Dichloroanthraquinonesulphonic acids, and their potassium salts, 78. 
C,,H,0,C1,S8, 2:6-Dichloroanthraquinonedisulphonic acid, 81. 
C,,H,0C1,Br 1:4-Dichloro-10-bromoanthrone, 1457. 
C,,H,0,CIS, 2-Chloroanthraquinone-3:7-disulphonic acid, potassium salt, 82. 
C,,H,0,C1,8, pp’-Bischlorosulphonylbenzoic anhydride, 2044. 
C,,H,O,NS, Aminoanthraquinonedisulphonic acids, potassium salts, 78. 
C,,H,NBrS 2-Bromothionaphthindole, 229. 
C,,H,O,NS 1-Amino-4-hydroxyanthraquinonesulphonic acids, sodium salts, 85. 
1-Hydroxylaminoanthraquinonesulphonic acids, sodium salts, 85. 
CONS 2-Nitro-7-sulphofluorene-9-carboxylic acid, and its potassium salt, 


C,,H,,ON,Cl 2’-Chloro-4’-amino-3-phenylphthalaz-l-one, 15. 

C,,H,,0,N,Cl, m-Chlorobenzaldehyde peroxide, 40. 

C,,.H,,0,N,Cl, Glyoxime NN’-di-3-chloro-4-hydroxyphenyl ether, 1398. 

C,,H,.0,NAs 7-Formamidofluorenone-2-arsonic acid, and its sodium salt, 1637. 

C,,H,,0N,Cl 2’-Chloro-4’-amino-N-phenylphthalimidine, 16. 

C,.H,,0,NS 2-Amino-7-sulphofluorene-9-carboxylic acid, 2362. 

C,,H,,0,N,F 4-Fluoro-2:3’-dinitro-4’-ethoxydiphenyl, 513. 

C,,H,,0,N,As 7-Carbamidofluorenone-2-arsonic acid, and its sodium salt, 1638. 

C,,H,,0N,Cl 1-Keto-3-(2’-chloro-4’-aminophenyl)tetrahydrophthalazine, 16. 

C,,H,,0.N,8 3-Oxy-1-thionaphthen 1-dioxide phenylhydrazone, 229. 

C,,H,,0,C1,8 3:3’-Dichloro-4:4’-dimethoxydiphenylsulphone, 718. 

C,.H,,N.Cl,Pb a-Pyridinoquinolinoplatinous chloride, 2220. 

C,,H,,0,NS 3:6-Dimethylthiodiphenylamine dioxide, 2776. 

C,,H,,0,BrS 3-Bromo-p-tolyl p-toluenesulphonate, 2948. 

C,,H,,0,NS 6-Nitro-o-tolyl p-toluenesulphonate, 1689, 

C,.H,,0,N.8 0-Nitrobenzenesulpho-p-methyltoluidide, 2775. 
o-Nitrophenyl-4-methylamino-m-tolylsulphone, 2776. 
p-Toluenesulphon-4’-nitro-m-tolylamide, 2359. 
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C,,H,,0,N,Cl, Ethyl diketosuccinate 2:5-dichlorophenylhydrazone, 1024. 
C,,H,,0,NS 6-Amino-o-cresol p-toluenesulphonate, 1690. 

C,,H,,0,N,8 3-p-Toluenesulphonamido-p-toluidine, 2359. 

C,,H,,0,N,8, 2:2’-Diaminodianisyl 4:4’-disulphide, and its dihydrochloride, 720. 
C,,H,,0,NBr 5-Acetoxy-1:3-dimethyl-3-8-bromoethyl-2-indolinone, 332. 
C,,H,,0,N,As 6-Nitro-5-piperidinoquinoline-8-arsonic acid, 2107. 
CHnONAs Glutaranilo-n-propylamide-p-arsonic acid, and its sodium salt, 


C,,H,,0,AsSb Methyltri-n-propylarsonium antimony] d-tartrate, 1818. 


14V 
C,,H,,.0,N,8,As Di(S-amino-f-carboxyethyl) 4-acetamido-2-hydroxyphenylthio- 
arsinite, 2509. 


CH ON S.As Di(8-amino-8-carboxyethyl) phenylglycineamide-p-thioarsinite, 


C,, Group. 
C,,H,, Methylphenanthrenes, 1130. 
C,,H,, 2:4:6-Trimethyldiphenyl, 2638. 
C,,H,., 2-Methyloctahydrophenanthrene, 2524. 


15 

C,;H,,0, 6:7-Dihydroxy-3-phenylcoumarin, 2421. 

C,;H,,0, 7:8:4’-Trihydroxyflavone, 1109. 

C,;H,,0, 7:8:3’:4’-Tetrahydroxyfiavone, 1109. 

C,;H,,0, Pentahydroxyflavones, 1110. 

C,,H,,N 2-Phenylquinoline, preparation of, 2807. 

C,;H,,N, Tripyridyls, 28. 

C,;H,,0, 2:3-Dimethyl-1:4-a-naphthapyrone, 930. 

C,;H,,0, Aloe-emodinanthranol, 2581. 
Methoxydibenzaldehydes, 2264. 

C,,H,,0, Methoxydibenzoic acids, 2264. 

C,,H,,Br, 3:5:4’-Tribromo-2:4:6-trimethyldiphenyl, 2640. 

C,;H,,0 1-Keto-9-methyl-1:2:3:4-tetrahydrophenanthrene, 2721. 
4-Keto-7-methyl-1:2:3:4-tetrahydrophenanthrene, 1788. 
Ketomethyltetrahydrophenanthrenes, 1132. 

C,;H,,0, 2-Hydroxy-4-methoxy-3-methylbenzophenone, 1693. 
B-(4-Methyl-1-naphthoyl)propionic acid, 2721. 
B-(6-Methyl-2-naphthoyl)propionic acid, 1787. 
B-Naphthoylisobutyric acids, 1131. 

C,;H,,0, Dihydroaloe-emodinanthranol, 2581. 

C,;H,,N m-Methylbenzylidenebenzylamine, 703. 

C,,H,,0 4-Hydroxy-4-methyl-1:2:3:4-tetrahydrophenanthrene, 1131. 

C,,H,,0, Methyl 6-isopropyl-2-naphthoate, 1791. 
y-(2-Naphthyl-6-methyl)butyric acid, 1787. 
y-Naphthyl-a-methylbutyric acids, 1132. 

C,,;H,,0, 8-/-Menthoxy-l-naphthoic acid, 2732. 

C,,H,,As Dibenzylmethylarsine, 2286. 
Diphenyl-n-propylarsine, 2290. 

Di-p-tolylmethylarsine, 2286. 

C,,;H,,0, 4-Benzyl-1:1-dimethylcyclohexane-3;5-dione, 1083. 
1-Pheny]-4-isopropylcyclohexane-3:5-dione, 1085. 

C,,;H,.N, 1-Amino-4-piperidinonaphthalene, 1259. 
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C,;H,,N, 3:5:4’-Triamino-2:4:6-trimethyldiphenyl, 2640. 
C,sH.,0 2-8-Phenylethyl-4-methylcyclohexanone, 2524. 
C,;H.,.0, Ethyl y-propionyl-8-phenylglutarate, 1085. 
C,;H..0 Eremophilone, 2751. 
2-B-Phenylethyl-4-methylcyclohexanol, 2524. 
C,;H,,0, trans-Decalin-2-spirocyclohexane-2’:6’-dione, 2138. 
Eremophilone oxide, 2754. 
2-Hydroxyeremophilone, 2754. 
2-Methylcyclohexane-3:5-dione-spiro-trans-hexahydrohydrindene, 2166. 
C,,H,,.0, 2-Hydroxyeremophilone, 2756. 
C,;H,.,0, Dihydroeremophilone oxide, 2754. 
Ethyl trans-decahydronaphthylidene-2-a-propionate, 2144. 
Ethyl 4?-trans-octalh ydronaphthalene-2-a-propionate, 2144. 
2-Hydroxy-1:2-dihyaroeremophilone, 2757. 
C,;H.,0 Dihydroeremophilol, 2753. 
Tetrahydroeremophilone, 2752. 
C,;H.,0, 2-Hydroxytetrahydroeremophilone, 2757. 
C,,H,,0, Ethyl 2-hydroxy-trans-decalin-2-a-propionate, 2142. 
C,;H.,.0, Ethyl methylcyclohexane-1:1-diacetates, 1054, 1060. 
Cc; sH,.0,. 1-Methyl-4-(a-hydroxyisopropyl)cyclohexane-1-acetic-2-a-lactic acid, 
2756. 


C,;H;,N, Triisobutyltrimethylenetriamines, and their salts, 1354. 


15 
C,;H,0,Cl, 4:5-Diketo-1-(2’:4’:5’-trichloropheny])pyrazoline-4-(2”:4”:5’’-tri- 
chlorophenylhydrazone), 1026. 

C,,;H,0.Cl, 3:4’:5’-Trichlorosalicylideneacetophenone, 1992. 

C,;H,,0,Cl, 3:5-Dichlorosalicylideneacetophenone, 1990. 

C,;H,,0.Br, 3:5-Dibromosalicylideneacetophenone, 1990. 

C,;H,,0,Cl, Chloro-2-phenylbenzopyrylium perchlorates, 1990. 

C,;H,,0,C1 5-Chlorosalicylideneacetophenone, 1990. 
Salicylidene-p-chloroacetophenone, 1990. 

C,;H,,0,.Br 5-Bromosalicylideneacetophenone, 1990. 
Salicylidene-p-bromoacetophenone, 1990. 

C,;H,,0,N, 4’-Nitro-3-phenyl-2’-methylphthalaz-l-one, and its picrate, 479. 

C,;H,,0,N, 1:4-Diketo-3-(4’-nitro-2’-methylphenyl)tetrahydrophthalazine, 480. 

C,,H,,0,As 7-Acetoxyfluorenone-2-arsonic acid, and its sodium salt, 1641. 

C,;H,,NS Methylthionaphthindoles, 229. 

C,;H,,ON, Acetyl-9-aminophenanthridine, 2230. 

C,;H,.0,8 1:7-Dimethoxythioxanthone, 1796. 

C,,H,,0,N, O-Nitrobenzyl-6-nitrovanillins, 1237. 

C,;H,,.0,N, O-Nitrobenzyl-6-nitrovanillic acids, 1238. 

C,,H,,0ON, 4’-Amino-3-phenyl-2’-methylphthalaz-l-one, 478. 

C,;H,,0,N 4’-Hydroxy-N-phenyl-2’-methylphthalimidine, 479. 

C,;H,,0,N 2-Acetamidodiphenyl-4-carboxylic acid, 1894. 
4-Acetamidodiphenyl-3-carboxylic acid, 2247. 
2-Nitro-2-phenyl-1-p-methoxyphenylethylenes, 1463. 

C,,H,,0,N p-Methylcarbonatobenzanilide, 646. 

C,;H,,0,N, 0-Carboxybenzaldehyde-5-nitro-o-tolylhydrazone, 482. 

C,,;H,,0,N Nitrobenzylvanillins, 1236. 

C,,H,,0,N, 3:5:4’-Trinitro-2:4:6-trimethyldiphenyl, 2639. 

3077 











15 1I—15 IV FORMULA INDEX. 


C,,H,,ON, 4’-Amino-N-phenyl-2’-methylphthalimidine, 478. 

C,,H,,0,N, Nitro-4-dimethylaminobenzophenones, 646. 

C,;H,,0,8, Phenylsulphonylphenylthioacetone, 1824. 

C,,H,,0,N Propiophenone 2:4-dinitrophenylhydrazone, 2611. 

C,,;H,,0,N, 3:4’-Dinitro-2:4:6-trimethyldiphenyl, 2639. 

C,;H,,ON 4-Acetamido-3-methyldiphenyl, 2247. 
Acetamidomethyldiphenyls, 1893. 
m-Methoxybenzylidenebenzylamine, 704. 

C,,H,,0N, 1-Keto-3-(4’-amino-2’-methylphenyl)tetrahydrophthalazine, 478. 
1-Methyl-2:3-dihydroindole-5:6-quinone phenylhydrazone, 547. 

C,;H,,0,N 4-Dimethylaminohydroxybenzophenones, 646. 

C,,;H,,0,N, Benzyl methyl ketone p-nitrophenylhydrazone, 2921. 

C,;H,,0,N, Dinitrotrimethyldiphenylamines, 2363. 

C,;H,,0,N, 2:4-Dinitroethoxy-5-methyldiphenylamines, 2363. 

C,;H,,N.Cl 3-Amino-9:10-dimethylphenanthridinium chloride, 2228. 

C,;H,,ON, p-Dimethylaminobenzophenoneoxime, 645. 

C,;H,,0,N, 2:4-Diacetamido-1-methylnaphthalene, 1832. 
4:8-Diacetamido-1-methylnaphthalene, 2313. 
1-Nitro-4-piperidinonaphthalene, 1258. 

C,,H,,N.S 2-Methylthiolacetophenone phenylhydrazone, 230. 

C,;H,,0,.N m-Methylbenzylamine benzoate, 701. 

C,,;H,,0,N, 3:4’-Diamino-2:4:6-trimethyldiphenyl, 2640. 

C,;H,,0,N p-Nitrobenzoyl-m-methoxybenzylamine, 702. 

CicHy.0.N, 3-Keto-10-ethoxy-1:7-dimethyl-3:4:5:6:7:2-hexahydro-4-carboline, 


C,;H,,ON 4-Acetamido-3-cyclohexyltoluene, 2651. 
Acetylcyclohexyl-p-toluidine, 2652. 

C,;H,,ON, 2-8-Phenylethylcyclohexanone semicarbazone, 2523. 

C,,H,,0.N, Eserine, synthesis of, 298, 304, 317, 321, 326. 

C,;H,,0,T1 Ethyl (diethylthalli)benzoylacetate, 2739. 

C,,;H,,0,N Ethyl a-cyano-a-2-carbethoxy-4'-cyclohexenylpropionate, 2432. 

C,;H,,0,N,; Methyl 3-methylcyclopentanespiro-3’:4’-diketocyclopentane-2’:5’-di- 
carboxylate semicarbazone, 1078. 

C,;H,,ON, dil-Eserethole, 314. 

C,;H,,0,N Benzpiperoinoxime, 38. 

C,,H,,0,Br, Ethyl aa’-dibromomethylcyclohexane-1:1-diacetates, 1056, 1061. 

Cit ON, a-Methyl-trans-decahydronaphthylidene-2-acetone semicarbazone, 


. 


a-Methyl-4*-trans-octahydronaphthyl-2-acetone semicarbazone, 2146. 
C,;H,,0,N, 6-Acetyl-4:9-dimethyldecal-2-one-3-ol semicarbazone, 2758. 
C,,H,,0,Br Ethyl a-bromomethylcyclohexane-1:1-diacetates, 1055, 1061. 
C,;H,;0,N, trans-cycloHexane-2-y-carbethoxyacetone-l-acetic acid semicarb- 

azone, 2131. 
C,,H,,ON Tetrahydroeremophilone oxime, 2752. 
C,;H,,0,N 2-Hydroxytetrahydroeremophilone oxime, 2757. 
C,;H,,0,I, Ethylene af-di-iodohydrin laurate, 1976. 
C,;H,IAs Dicyclohexylethylarsine methiodide, 2289. 


15 IV 
C,;H,0,N,Cl, Carboxyglyoxal 2:4:5-trichlorophenylosazone, 1026, 
C,;H,OCI,Br Dichloro-10-bromoanthranyl methyl ethers, 1457. 
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C,;H,O,NCl, Chloronitro-2-phenylbenzopyrylium perchlorates, 1991. 

C,;H,,0,NBr Phthalo-m-bromobenzylimide, and its salts, 701. 

C,;H,,0,.NI Phthalo-m-iodobenzylimide, 702. 

C,;H,,0,N,Cl 2’-Chloro-4’-nitro-3-phenyl-4-methylphthalaz-l-one, and its 
picrate, 17. 

C,;H,,0,CIBr Bromo-2-phenylbenzopyrylium perchlorates, 1990, 

C.sH,.0,NAs 7-Oxalylaminofluorenone-2-arsonic acid, and its sodium salt, 


C,;H,,0N,Cl . 2’-Chloro-4’-amino-3-phenyl-4-methylphthalaz-l-one, 18. 

C,;H,,ON,As ‘Tri-3-pyridylarsine oxide, 1500. 

C,;H,,0,N,S 8-Benzenesulphonylaminoquinoline, 2213. 

C,;H,,ONCl, 3:5-Dichloro-4’-acetamido-4-methyldiphenyl, 1471. 

C,;H,,0N.Cl 2’-Chloro-4’-amino-N-phenyl-3-methylphthalimidine, 19. 

CisHs0,NAs, 7-Methylcarbamidofluorenone-2-arsonic acid, and its sodium 
salt, " 

C,,H,,ONC] 2’-Chloro-4-dimethylaminobenzophenone, 652. 

C,,H,,ONBr 4’-Bromo-4-dimethylaminobenzophenone, 645. 

©15H,.0N,C! ; 1-Keto-3-(2’-chloro-4’-aminopheny])-4-methyltetrahydrophthal- 
azine, 

C,,H,,ON,.Br 4’-Bromo-4-dimethylaminobenzophenoneoxime, 645. 

C.sH,:0,N Br, 3’:5’- Dibromo-5-nitro-3:4’-diamino-2:4:6-trimethyldiphenyl, 


C,;H,,0,N.S 4-o-Nitrophenylmethylamino-m-tolylmethylsulphone, 2776. 

C,;H,,0.NS p-Toluenesulphonbenzylmethylamide, 1357. 

C,;H,,0,NS N-Benzenesulphonyl-d-nor-%-ephedrine, 1135. 

C,;H,,OIP p-Phenoxyphenyltrimethylphosphonium iodide, 2882. 

C,,H,,ON,I Esermethole methiodide, 334. 

C,;H,,0;N,8 4-Nitroso-1-p-toluenesulphonyl-dl--2:3:5:6-tetramethy]piper- 
azine, 1341. 

C,,H.,0;,N,As p-Arsonoanilinomalonbis-n-propylamide, 2781. 


15 V 
C,,H,O,NCIBr Bromonitro-2-phenylbenzopyrylium perchlorates, 1991. 


C,, Group. 
C,,H,, 1:9-Dimethylphenanthrene, 2722. 
Dimethylphenanthrenes, 2526. 
C,,.H,, Hexadecane, equilibrium of, with octadecane, 737. 
16 II 
C,,.H,,0, Methylflavones, 1687. 
4-Phenyl-6-methylcoumarin, 1183. 
4-Phenyl-7-methyleoumarin, 1688. 
C,,H,,.0, Dimethoxyanthraquinones, salts of, 1983. 
C,,H,,0, Dimethoxydibenzaldehydes, 2264. 
C,,H,,0, Dimethoxydibenzoic acids, 2264. 
C,,H,,0 1-Keto-2:8-dimethy]l-1:2:3:4-tetrahydrophenanthrene, 2723. 
C,,.H,,0, y-(6-Methyl-2-naphthyl)-48-pentenoic acid, 1789. 
C,,H,,0, 6-(6:7-Dimethyl-2-naphthoyl)propionic acid, 2250. 
Methyl] 8-(4-methyl-1-naphthoyl)propionate, 2721. 
Methyl f-(6-methyl-2-naphthoyl)propionate, 1787. 
B-(6-Methyl-2-naphthoyl)butyric acids, 2249. 
B-(5-Methyl-1-naphthoyl)isobutyric acid, 2722. 
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C,,H,,N 2-p-Aminophenyltetrahydronaphthalene, and its salts, 2653. 
C,.H,.N, m-Dimethylaminobenzylidenebenzylamine, 704. 

C,,H,,As Diphenylbutylarsines, 2290. 

C,.H,, Sb Dimethyldiphenylethylstibines, 1816. 

C,.H.,.0, 1-Phenyl-4-butylcyclohexane-3:5-dione, 1085. 

C,,H,,0, Hydroxymethylene-eremophilone, 2752. 

C,,H,,As Phenyldi-n-amylarsine, 2289. 

C,,H,,I Hexadecyl iodide, equilibrium of, with octadecyl iodide, 737. 


16 

C,,H,,ON, Quinoline-2-aldehyde p-hydroxyanil, 723. 

C,,.H,,08, 4-Thiolphenyl-2-hydroxy-l-naphthy] sulphide, 1044. 

C,.H,,0,N, o-Nitrophenyl-2-naphthylamine, 2777. 

C,,.H,,0,Cl, 4:4’-Di(chloroacetyl)diphenyl, 285. 

C,,.H,,0,8, 2-Hydroxy-1-naphthyl-4’-thiolphenylsulphone, 1044. 

C,,H,,0,.N, 4:4’-Dinitrodehydrodivanillin, 442. 

C,,.H,,0,N 2-Acetamidofluorene-9-carboxylic acid, 2362. 

C,,.H,,0,N, 4’-Nitro-3-phenyl-2’:4-dimethylphthalaz-l-one, and its picrate, 481. 

C,,.H,,0,N, 4-Keto-l-methoxy-3-(4’-nitro-2’-methylpheny])-3:4-dihydro- 

phthalazine, 480. 

C,,.H,,0,,N, Pentanitrotetramethoxydiphenyl, 442. 

C,,.H,,ON, 3-Acetamido-9-methylphenanthridine, 2228. 

C,,.H,,0,N, 2:6-Diacetamidodiphenylene oxide, 2366. 
Nitro-3-pheny]-1:3-dimethylindolinone, 324. 

C,,.H,,0,8 1:4:8-Trimethoxythioxanthone, 1795. 

C,.H,,0,8, 6-Methoxy-2-dithiobenzoic acid, 1795. 

C,,.H,,0,.N, Tetranitrotetramethoxydiphenyls, 441. 

C,.H,,NBr 5-Bromo-7:8:9:10-tetrahydro-af-naphthacarbazole, 2195. 
5-Bromo-8:9:10:11-tetrahydro-a’f’-naphthacarbazole, 2194. 

C,.H,,ON 3-Phenyl-1:3-dimethylindolinone, 323. 

C,.H,,0N, 4’-Amino-3-vhenyl-2’:4-dimethylphthalaz-l-one, 481. 
a-Phenylcinnamaldehyde semicarbazone, 749. 

C,,.H,,0,N 4’-Methoxy-N-phenyl-2’-methylphthalimidine, 479. 

C,.H,,0,N 4-(2’-Hydroxy-4’-methoxybenzylideneamino)acetophenone, 1442. 
4-o-Vanillylideneaminoacetophenone, 1442. 

C,,.H,,N,I 4-Phenyl-2-methylquinazoline methiodide, 257. 

C,,H,,ON, 4’-Amino-N-phenyl-2’:3-dimethylphthalimidine, 482. 

C,.H,,08 w-Benzyl-w-methylthiolacetophenone, 71. 

C,,H,,0,8, p-Tolylsulphonylphenylthioacetone, 1824. 

C,,.H,,0,N, Glyoxime NN’-di-4-methoxypheny] ether, 1397. 

C,,H,,0,N, Benzyl ethyl ketone 2:4-dinitrophenylhydrazone, 2611. 

C,,H,,0,N, 3:3’-Dinitro-5:6:5’:6’-tetramethoxydiphenyl, 441. 

C,.H,,ON Acetamidodimethyldiphenyls, 2393. 
a-Dimethylaminodeoxybenzoin, and its picrate, 1937. 

C,,.H,,ON, Acetone 2:4-diphenylsemicarbazone, 2086. 
1-Keto-3-(4’-amino-2’-methylpheny])-4-methyltetrahydrophthalazine, 482. 
1-Keto-9-methyl-1:2:3:4-tetrahydrophenanthrene semicarbazone, 2721. 

C,.H,,0,N 4-Dimethylamino-2’-methoxybenzophenone, 645. 

C,,H,,0,N, -(4-Methyl-1-naphthoyl)propionic acid semicarbazone, 2721. 

C,.H,,0,N Methyl methyl-8-phthalimidoethylmalonate, 316. 

C,,H,,ON, «-Phenylpropionic methylphenylhydrazide, 324. 
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C,,H,,ON, 1:4-Dihydroxybutan-2-one phenylosazone, 753. 
C,,H,,0.N, 4-Dimethylamino-3-’methoxybenzophenone oxime, 646. 
2-Hydroxy-3-ethoxybenzaldehyde methylphenylhydrazone, 955. 
C,,H,.0,8 Phenacylbenzylmethylsulphonium hydroxide, salts of, 71. 
C,,H,,0,.N, «-Keto-3-methylcyclopentane-1:l-diacetic acid 2:4-dinitrophenyl- 
hydrazone, 1074. 
C,,.H,.NBr, Di-p-bromobenzyldimethylammonium bromide, 1936. 
C,,.H,,ON, 5-Acetamido-8-piperidinoquinoline, 2106. 
C,,.H,,OP p-Phenoxyphenyldiethylphosphine, 2882. 
C,,H,,0,N Ethyl a-cyano-8-phenylglutarate, 1084. \ 
C,,H..0,N, Dicreatinine phthalate, 2200. 
C,,H.,.NCl Dibenzyldimethylammonium chloride, 1936. 
C,,.H..NI Dibenzyldimethylammonium iodide, 1936. 
C,,H,IAs Diphenylmethyl-n-propylarsonium iodide, 2290. 
Di-p-tolylmethylarsine methiodide, 2286. 
C,,H.,0,N 1-Carboxymethylcyclohexane-1l-acetanilic acids, 1058, 1063. 
C,,.H.,ON, 2-8-Phenylethyl-4-methylcyclohexanone semicarbazone, 2524. 
C,,H,;ON, Eremophilone semicarbazone, 2752. 
C,,H.;0,.N, Dehydroesermetholemethine, and its salts, 334. 
C,,H.;N,8 2:3:4:5:6-Pentamethylpiperazine phenylthioureas, 1340. 
C,,H,,ON, Dihydroeremophilol semicarbazone, 2753. 
C,,H.,ON, Tetrahydroeremophilone semicarbazone, 2752. 
C,,H,,0,P Di-f-octyl hydrogen phosphite, 112. 
16 IV 
C,,H,O,N,Cl, Diketosuccinic anhydride 2:4:5-trichlorophenylosazone, 1025. 
C,,.H,O,N,Cl, 4:5-Diketo-1-(2’:5’-dichlorophenyl)pyrazoline-3-carboxylic acid 
4-(2”’:5’’-dichlorophenylhydrazone), 1025. 
Diketosuccinic anhydride 2:5-dichlorophenylosazone, 1024. 
C,,H,O,N,Cl, Diketosuccinic acid 2:4:5-trichlorophenylosazone, 1025. 
C,,H,,0,N,Cl, Diketosuccinic acid 2:5-dichlorophenylosazone, 1024. 
C,,H,,0,N,8 Nitro-2-naphthyl m-nitrobenzenesulphonates, 2734. 
C,,H,,0,C1IS, 4-Chlorosulphonylphenyl-2-hydroxy-l-naphthy! sulphide, 1043. 
©10H,.0,018, 2-Hydroxy-1-naphthylphenylsulphone-4’-sulphonyl _ chloride, 


C,,.H,,0,N,C1 2’-Chloro-4’-acetylamino-3-phenylphthalaz-l-one, 16. 

C,,.H,,0,N,Cl 2’-Chloro-4’-nitro-1-methoxy-3-phenyl-4-methylene-3:4-dihydro- 
phthalazine, 18. 

C,,H,,0,N.8 2-0-Nitrophenylaminonaphthyl-1l-sulphinic acid, 2777. 

o-Nitrophenyl-2-amino-1-naphthylsulphone, 2776. 

C,.H,,0,N,Cl 1-Hydroxy-3-(2’-chloro-4’-nitrophenyl)-1:3-dihydrophthalazine-4- 
acetic acid, 14. 

C,,H,,0,N.Cl 2’-Chloro-4’-acetylamino-N-phenylphthalimidine, 16. 

C,.H,,ONC] Papaveroline hydrochloride, 786. 

©1eH,.0,N,Cl 1-Keto-3-(2’-chloro-4’-acetylaminopheny])tetrahydrophthalazine, 


C,.H,,0,C1,8, p-Tolylsulphonyl-2:5-dichlorophenylthioacetone, 1824. 

C,,H,,0,NI Papaveroline hydriodide, 786. 

C,,.H,,0,N,Cl, Glyoxime N N’-dichloro-4-methoxyphenyl ethers, 1397. 

C,,H,,0,NAs 7-Propionylamidofluorenone-2-arsonic acid, 1637. 

C,,H,,0,NCl1 Aminomethoxyflavylium perchlorates, 1442. 

C,,H,,0,NC1 4’-Amino-3-hydroxy-7-methoxyflavylium perchlorate, 1443. 
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CH ON As Fluorenone-7-glycinemethylamide-2-arsonic acid, and its sodium 

salt, " 

C,,.H,,0,N,8 5:7-Diamino-8-p-toluenesulphonamidoquinoline, 2196, 

C,.H,,0,N,Cl 1-Hydroxy-3-(2’-chloro-4’-aminophenyl)tetrahydrophthalazine-4- 
acetic acid, 15. 

C,,H,,0,N,P Diphenoxyphosphorylcreatinine, and its sodium salt, 2054. 

C,,.H,,0,N,Se Selenobisacetaldehyde di-p-nitrophenylhydrazone, 2486. 

C,,H,,0,N,8, 8-Chloroethyl-p-toluenesul phonimidosulphine-p-toluenesulphonyl- 
imine, 2087. 

C,.<H..0,N,As, Azoxy-p-xylyl-2-arsonic acid, 502. 

C,,H,,0,N,8 2-Quinolylacetalylthiocarbamide, 1809. 

C,,H.,0,.N,I di-5-Methoxy-1:3-dimethyl-3-8-dimethylamino-2-indolinone meth- 
iodide, 333. 

C,,H,,0,N.8 p-Toluenesulphony]-y-2:3:4:5:6-pentamethylpiperazine, 1340. 

C,,H;,0,PSb Tetra-n-propylphosphonium antimonyl-d-tartrate, 1818. 

16 V 

C,,H,,0,N,CIS 3-(2’-Chloropheny])-1:3-dihydrophthalazine-1-sulphonic-4-acetic 
acid, sodium hydrogen salt, 13. 

CreH,,0.N,8.Na, Sodium 5-sulpho-2-hydroxybenzeneazo-8-naphthyl sulphite, 


C,,H,,0,N,8,Na, Sodium p-aminobenzeneazo-8-sulpho-§-naphthy] sulphite, 1269. 


C,, Group. 
C,-H,, «f8-Diphenyl-3-methyl-4ey-butadiene, 749. 
1:4:7-Trimethylphenanthrene, 1790. 
Trimethylphenanthrenes, 2250. 
17 I 


C,,H,,0, 8-Phenoxy-l-naphthoic acid, 2732. 
C,,H,,N Benzylidenequinaldine, and its salts, 2666. 
C,,H,,0, 2-Hydroxycinnamylideneacetophenone, 928. 
C,,H,,0, 2:4-Dimethoxyphenylbenzyl diketone, 1802. 
C,,H,,0, p-Diprotocatechualdehyde trimethyl ether, 2263. 
C,,H,,0, p-Diprotocatechuic acid trimethyl] ether, 2264. 
C,,H,,Br, Dibromo-af-diphenyl-5-methyl-4ev-butadiene, 750. 
C,,H,,0 4-Ketotrimethyl-1:2:3:4-tetrahydrophenanthrenes, 2249. 
C,,H,,0, Methyl f-(6-methyl-2-naphthoyl)isobutyrate, 2250. 
B-(6-Propyl-2-naphthoyl)propionic acids, 1790. 
C,,H,,0; 2:4-Dimethoxyphenylbenzylglycollic acid, 1805. 
C,,H,,As Diphenylamylarsines, 2290. 
Di-8-phenylethylmethylarsine, 2286. 
C,,H,.0, Ethyl 2-8-phenylethylcyclohexanone-2-carboxylate, 2523. 
C,,H,,0, Ethyl a-benzyl-y-methylglutaconate, 2442. 
C,,H,,0, Ethyl 2-8-phenylethylcyclohexanol-2-carboxylate, 2524. 
C,,H,,0, 2-Acetoxyeremophilone oxide, 2756. 
Ethyl cyclohexane-3:5-dione-1(2’)-spiro-trans-hexahydrohydrindene-2-carb- 
oxylate, 2157. 
C,,H,,0, Elxostearic acids, action of maleic anhydride on, 2251. 
17 M1 
C,,H,,0,N, 2:4-Dinitrophenyl-4-aldehydo-1l-naphthy] ether, 955. 
C,,H,,0,N 6:7-Methyleredioxy-1-phenyl-3:4-dihydroisoquinoline-2’-carboxylic 
acid, 2512. 
Phthalo-8-piperonylethylimide, 2512. 
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C,,H,,0,8 4-Methanesulphonylphenyl 2-naphthyl ether, 1046. 

C,,H,,0,8. 2-Hydroxy-1l-naphthyl-4’-methylthiolphenylsulphone, 1044. 
2-(4’-Methanesulphonylphenoxy)-1-naphthylthiol, 1047. 
4-Methanesulphonylphenyl]-2-hydroxy-1-naphthyl sulphide, 1047. 

C,,H,,0,8, 2-Hydroxy-l-naphthyl-4’-methanesulphonylphenylsulphone, 1044. 

C,,H,,ON, p-Amino-m-tolueneazo-8-naphthol, 1268. 

C,,H,,OBr 10-Bromo-2:3-dimethylanthranyl methyl ether, 1457. 

C,,H,,0,.N, 4’-Acetylamino-3-phenyl-2’-methylphthalaz-l-one, 478. 

C,,H,,0,N, 4’-Nitro-1-methoxy-3-phenyl-2’-methyl-4-methylene-3:4-dihydro- 

phthalazine, 481. 

C,,H,,0,N Anhydro-N-methylpapaverolinium hydroxide, 787. 

C,,H,,0;N f-Piperonylethylphthalamic acid, 2512. 

C,,H,,0;N, 1-Hydroxy-3-(4’-nitro-2’-methylpheny])-1:3-dihydrophthalazine-4- 

acetic acid, 477. 

C,,H,,0,C1 p-Diprotocatechuyl chloride trimethyl ether, 2264. 

C,,H,,ON, 4-Anilino-8-methoxyquinaldine, 1985. 
4-Anisidinoquinaldines, and their salts, 1985. 

C,,H,,0.N, 4’-Acetamido-N-phenyl-2’-methylphthalimidine, 478. 

(,,H,,ON 2-Methyl-3-8-phenoxyethylindole, 319. 

€,,H,,ON, 3:3-Dimethylindolenine-2-carboxyphenylhydrazide, 300. 

C,,H,,0,.N 5-Methoxy-3-8-phenoxyethylindole, 331. 

C,,H,,0,Tl (Dimethylthalli)dibenzoylmethane, 2739. 

CirHt0,Ns 1-Keto-3-(4’-acetamido-2’-methylphenyl)tetrahydrophthalazine, 


C7H0.C1 2:4- Dimethoxypheny]-f-chloro-a-hydroxy-8-phenylethyl ketone, 
803. 


C,,H,,0,N, w-Dimethylamino-w-nitrobenzylacetophenones, 65. 
Nitro-4-diethylaminobenzophenones, 646. 
m-Nitro-w-dimethylamino-w-benzylacetophenone, 1930. 

C,,H,,0,8, p-Tolylsulphonyl-p-tolyltbioacetone, 1824. 

C,,H,,NCl 3-Phenyl-1:2:3-trimethylindoleninium chloride, and its salts, 323. 

C,,H,,NI 3-Pheny]-1:2:3-trimethylindoleninium iodide, 322. 

C,,H,,ON 2:5-Diphenyl-3:4-dimethyltetrahydro-oxazole, 1581. 

CirBtysON, 1-Keto-2:8-dimethy]-1:2:3:4-tetrahydrophenanthrene semicarbazone, 


4-Keto-1:7-dimethyl-1:2:3:4-tetrahydrophenanthrene semicarbazone, 1789. 
C,,H,,0.N, Benzaldehyde d-nor-y-ephedrinoformylhydrazone, 1136. 
C,,H,,0,N, Phenacylnitrobenzyldimethylamines, salts of, 65. 

C,,H,,0,N, 1-Hydroxy-3-(4’-amino-2’-methylphenyl)tetrahydrophthalazine-4- 
acetic acid, 477. 

4’-Nitro-4-diethylaminobenzophenone oxime, 647. 

C,,H,,0,N Laudanosoline, and its salts, 788. 

2-Nitro-1-ethoxy-2-phenyl-1-p-methoxyphenylethane, 1463. 

C,,H,,ON Phenacylbenzyldimethylamine, salts of, 61. 
C,,H,,ON, p-Diethylaminobenzophenoneoxime, 645. 
C,,H,O,N, a-Ketomethylcyclohexane-1:l-diacetic acid 2:4-dinitrophenylhydr- 

azones, 1057, 1062. 

C,,H,,ON, Ergine, and its salts, 763, 1543. 

C,,H,,N.I w-Benzylimino-m-tolyltrimethylammonium iodide, 704. 

C,,H,,IAs Diphenylbutylarsine methiodides, 2290. 

C,,H,,0N 9-Benzoylaminodecalin, 1782. 

C,,H,,0,N 0-Benzoyl-N ae and its salts, 1432. 
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17 IV ‘ 

C,,H,,0,N,Cl, Carbethoxyglyoxal 2:4:5-trichlorophenylosazone, 1026. 

C17Bhi:0,.N,85 3-Nitrobenzoyl-8-naphthylamine-4:6:8-trisulphonic acid, sodium 

salt, : 

C,,H,,0,N,Cl 2’-Chloro-4’-acetylamino-3-phenyl-4-methylphthalaz-l-one, 18. 

C,,H,,0,N,.8 2-0-Nitrophenylamino-1-naphthylmethylsulphone, 2777. 

C,,H,,0,N,Cl Methyl 1-hydroxy-3-(2’-chloro-4’-nitropheny]l)-1:3-dihydro- 

phthalazine-4-acetate, 14. 

C,,H,,0,N,Cl 2’-Chloro-4’-acetylamino-N-phenyl-3-methylphthalimidine, 19. 

C,,H,,0,N,Cl 4-Chloro-2:3’:5’-trinitro-4’-piperidinodiphenyl, 296. 

C,,H,;0,N,8 3-(4’-Nitro-2’-methylpheny])-1:3-dihydrophthalazine-1-sulphonic- 

4-acetic acid, sodium salt, 476. 

C,,H,,ON,Cl 1-Chloro-4-piperazylacridone, 2778. 

C,,H,,0,N.8 8-Benzenesulphonylethylaminoquinoline, 2213. 

C,,H,,0,N,Cl 1-Keto-3-(2’-chloro-4’-acetylaminopheny])-4-methyltetrahydro- 

phthalazine, 19. 

C,,H,,0;NAs 7-Butyramidofluorenone-2-arsonic acid, and its sodium salt, 1637. 

C,,H,,0,NCl 4’-Amino-5:7-dimethoxyflavylium perchlorate, 1443. 

C,,H,,ONBr, p-Bromo-w-dimethylamino-w-bromobenzylacetophenones, 69. 

C,,H,,0,N,Br p-Bromo-w-dimethylamino-w-m-nitrobenzylacetophenone, 69. 

C,,H,,ONC] 2’-Chloro-4-diethylaminobenzophenone, 646. 
p-Chloro-w-dimethylamino-w-benzylacetophenone, 1930. 
w-Dimethylamino-w-chlorobenzylacetophenones, 62. 

C,,H,,ONBr 4’-Bromo-4-diethylaminobenzophenone, 652. 
Bromo-w-dimethylamino-w-benzylacetophenones, 1931. 
w-Dimethylamino-w-o-bromobenzylacetophenone, 63. 

C,,H,,ONBr, p-Bromophenacylbromobenzyldimethylamines, salts of, 68. 

C,,H,,ONI w-Dimethylamino-w-iodobenzylacetophenones, 64. 
p-lodo-w-dimethylamino-w-benzylacetophenone, 1930. 

C,,H,,0;N,Br p-Bromophenacyl-m-nitrobenzyldimethylamine, salts of, 69. 

C,,H,,ONC] Phenacylchlorobenzyldimethylamine, salts of, 62. 

C,,H,,ONBr p-Bromophenacylbenzyldimethylamine, salts of, 68. 
Phenacylbromodimethylamines, salts of, 63. 

C,,H,,ONI Phenacyliodobenzyldimethylamines, salts of, 64. 

C,,H,,0,N.Br Nitrophenacylbenzyldimethylammonium bromides, 1930. 

C,,H,,0,N.As Glutaranilide-p-arsonic acid, and its sodium salt, 279. 

C,,H,,.0,N,S m-Nitrobenzenesulphonyl-p-aminoisoamylbenzene, 2398. 

C,,H,,0,N,As, Glutaranilide-pp’-diarsonic acid, and its disodium salt, 279. 

C,,H,,0IP p-Phenoxyphenylmethyldiethylphosphonium iodide, 2882. 

C,,H,,0;N,As p-Arsonoanilinomalonbisbutylamides, 2781. 

17 V 

C,,H,,0,NBr,8 1:3:6-Tribromo-p-toluenesulphon-2-naphthalide, 2734. 

C,,H,,0,NBr,§ 1:3-Dibromo-p-toluenesulphon-2-naphthalide, 2733. 

C,,H,,0,NBrS 1-Bromo-p-toluenesulphon-2-naphthalide, 2733. 

C,,H,,0,N,SNa Sodium p-amino-m-tolueneazo-8-naphthyl sulphite, 1268. 

C,,H,,ONCIBr p-Bromo-w-dimethylamino-w-p-chlorobenzylacetophenone, 68. 

C,,H,,ONCIBr p-Bromophenacyl-p-chlorobenzyldimethylamine, salts of, 68. 

C,,H,,ONCIBr p-Chlorophenacylbenzyldimethylammonium bromide, 1930. 

C,,H,,ONBrI Bromophenacylbenzyldimethylammonium iodides, 1931. 
p-lodophenacylbenzyldimethylammonium bromide, 1930. 

C,,H,,0,NSAs Phenyldiethylarsinechydroxy-p-toluenésulphonamide, 968. 
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C,, Group. 
C,,H;, Octadecane, equilibrium of, with hexadecane, 737. 


18 0 
C,.H,,0, B-Naphthoxyacetophenone, 2422. 
2-Phenylacetyl-l-naphthol, 920. 
C,.H,,0, 8-Benzyloxy-1l-naphthoic acid, 2732. 
7-Hydroxy-2-styryl-3-methylchromone, 927. 
4’-Methoxy-2-styrylchromone, 933. 
C,,H,,0, Ethyl keto-1:2:3:4-tetrahydrophenanthrene-2-glyoxylates, 1130. 
C,,H,,0, 7:8:4’-Trimethoxyflavone, 1108. 
C,,H,,0, 5:7-Dihydroxy-3’:4’:5’-trimethoxyflavone, 1111. 
CieHyNs Quinoline-2-aldehyde p-dimethylaminoanil, and its dihydrochloride, 


C,,H,,0; 2:4-Dimethoxyphenyl p-methoxybenzyl diketone, 1805. 
2:4-Dimethoxypheny! p-methoxystyryl ketone, 1804. 
C,sH,.0, 2:4-Dimethoxyphenyl a-hydroxy-f-formoxy-f-phenylethyl ketone, 
1804, 


C,,H,,0, Methyl evernate, 1394. 

C,.H..0 4-Keto-1-methyl-7-isopropyl-1:2:3:4-tetrahydrophenanthrene, 1791. 
C,.H.,0, -(6-isoPropyl-2-naphthyl)-48-pentenoic acid, 1791. 

CreltnOs, 2:4-Dimethoxyphenyl a-hydroxy-8-methoxy-f-phenylethyl ketone, 


C,,H,,0, 2:4-Dimethoxyphenyl-p-methoxybenzylglycollic acid, 1805. 
C,.H.,0, Ethyl 2-8-phenylethyl-4-methylcyclohexanone-2-carboxylate, 2524. 
C,,H,.N, Di-trans-hexahydro-2-hydrindylidenehydrazine, 2152. 

C,,H,,0, Ethyl palmitate, physical properties of, 1697. 

C,,H;,I Octodecyl iodide, equilibrium of, with hexadecyl iodide, 737. 
C,.H;,N, Tritsoamyltrimethylenetriamine, and its salts, 1355. 


18 I 
C,.H,,0.N, Phthalylbenzidine, configuration of, 1294. 
C,.H,,0,N, 1-0-Nitrostyrylnorhydrastinine, 2511. 
C,.H,,;Cl,P Triphenylphosphine dichloride, action of alkylmagnesium iodides on, 
337. 


C,,H,,0,N, 2:7-Diacetamidofluorene-9-carboxylic acid, 2362. 
C,.H,,0,8, 4-Methanesulphonylphenyl 1-sulphinomethoxy-2-naphthyl ether, 
1046. 


2-Methoxy-1-naphthyl-4’-methanesulphonylphenylsulphone, 1045. 
C,.H,,0,.N, 4:4’-Dinitrodehydrodivanillin dimethyl ether, 442. 
C,,.H,,0,.N, 4’-Acetamido-3-phenyl-2’:4-dimethylphthalaz-l-one, 482. 
C,.H,,0,N 5-Methoxy-3-8-phenoxyethylindole-2-carboxylic acid, 330. 
C,,.H,,0,N, 1-Hydroxy-4-acetonyl-3-(4’-nitro-2’-methylpheny])-3:4-dikydro- 
phthalazine, 480. 
C,,H,,0,N, Methyl 1-hydroxy-3-(4’-nitro-2’-methylpheny])-1:3-dihydrophthal- 
azine-4-acetate, 477. 
C,,.H,,0,N, Dinitro-1:3-dimethyl-3-8-phenoxyethyl-2-indolinone, 320. 
C,,.H,,ON, 4-Anilinoethoxyquinaldines, and their salts, 1986. 
4-Phenetidinoquinaldines, and their salts, 1985. 
C,,.H,,0,.N, 4-Acetamido-N-phenyl-2’:3-dimethylphthalimidine, 482, 
4-Anisidinomethoxyquinaldines, and their salts, 1985. 
C,,.H,,ON 2-p-Acetamidophenyltetrahydronaphthalene, 2653. 
3085 













18 TI—18 IV FORMULA INDEX. 


C,,.H,,0,N w-Dimethylamino-w-phenacylacetophenone, 1935. 
1:3-Dimethy1l-3-8-phenoxyethyl-2-indolinone, 319. 
5-Methoxy-2-methyl-3-8-phenoxyethylindole, 329. 

C,,.H,,0,N 0O-Acetylrhizonanilide, 1680. 

C,.H,,ON w-Dimethylamino-w-benzyl-p-methylacetophenone, 1929. 
a-Dimethylamino-a-benzylpropiophenone, picrate of, 1937. 
w-Dimethylamino-w-methylbenzylacetophenones, 66. 

C,,.H,,ON, 4-Keto-7-methyl-l-ethyl-1:2:3:4-tetrahydrophenanthrene semicarb- 

azone, 2719. ~* 
4-Keto-2:4:7-trimethyl-1:2:3:4-tetrahydrophenanthrene semicarbazone, 2250. 

C,.H,,0,N 4-Diethylamino-4’-methoxybenzophenone, 646. 
w-Dimethylamino-w-m-methoxybenzylacetophenone, 66. 
w-Dimethylamino-p-methoxy-w-benzylacetophenone, 1929. 

C,,.H.,0.N, Substance, from oxidation of substance, C,,H,.O,N,, paramag- 

netism of, 170. 

C,.H,,0,N Ethyl 8-phthalimido-a-acetyl-8-methylvalerate, 309. 

C,.H.,0,N Ethyl methyl-8-phthalimidoethylmalonate, 316. 

C,,H,,0,Na Ethyl sodio-a-carbethoxy-8-phenylglutaconate, 2450. 

C,.H,,0,N Phenacyl-m-methoxybenzyldimethylamine, salts of, 66. 

C,,H..N.S p-isoAmyldiphenylthiocarbamide, 2398. 

C,.H,,0P p-Phenoxyphenyldi-n-propylphosphine, 2882. 

Croll sO.N, a-Keto-3-methylcyclopentane-1:l-diacetic acid phenylhydrazone, 


C,.H,,IAs Di-§-phenylethyldimethylarsonium iodide, 2286. 

C,.H,,ON trans-Hexahydrohydrindylidenehexahydro-2-hydrindone oxime, 2152. 
C,.H,,CISi Dicyclohexylphenylsilicyl chloride, 2208. 

C,.H,,OSi Dicyclohexylphenylsilicol, 2208. 


18 IV 

C,,H,,0,N,Cl, Ethyl 4:5-diketo-1-(2’:5’-dichlorophenyl)pyrazoline-3-carboxylate 
4-(2”:5”-dichlorophenylhydrazone), 1024. 

C,,H,,ONS Thiotropinone, 2486. 

C,,H,,0,N,8 0-Nitrophenyl-2-acetamido-1l-naphthyl sulphoxide, 2776. 

C,,H,,0,N,8 0o-Nitrophenyl-2-acetamido-1l-naphthylsulphone, 2776. 

C,.H,,0,N,Cl 1-Acetoxy-3-(2’-chloro-4’-nitrophenyl)-1:3-dihydrophthalazine-4- 
acetic acid, 14. 

C,.H,,0,.N.8, 3-Nitro-4-methylbenzoy]l-f-naphthylamine-4:6:8-trisulphonic 
acid, sodium salt, 1911. 

C,.H,,N.Cl,Pt Diquinolinoplatinous chlorides, 2216. 

C,H, ONBr 5-Bromo-7-acety1-8:9:10:11-tetrahydro-a’B-naphthacarbazole, 


5-Bromo-11-acetyl-7:8:9:10-tetrahydro-af-naphthacarbazole, 2195. 

C,.H,,0,N,01 Ethyl 1-hydroxy-3-(2’-chloro-4’-nitropheny]l)-1:3-dihydrophthal- 
azine-4-acetate, 14. 

C,,H,,ON,Cl 1-Chloro-4-piperidylacridone, 2773. 

C,.H,,ON.Br 1-Bromo-4-piperidylacridone, 2773. 

C,.H,,0,01,Fe 4’:7-Dimethoxy-8-methylflavylium ferrichloride, 1691. 

C,.H,,0,NBr, Di-p-bromophenacyldimethylammonium bromide, 1935. 

C,.H,,0,N.S 8-Benzenesulphonyl-n-propylaminoquinoline, 2215. 

C,,.H,,0,N,01 1-Acetoxy-3-(2’-chloro-4’-aminopheny]l)tetrahydrophthalazine-4- 
acetic acid, 15. 

C,.H,,ONBr p-Bromo-w-dimethylamino-w-p-methylbenzylacetophenone, 68. 
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FORMULA INDEX. 18 IV—19 II 


C,,H..0,NBr p-Bromo-w-o-dimethylamino-w-methoxybenzylacetophenone, 66. 
C,,H..0,N.S 4-m-Nitrobenzenesulphonamidophenylcyclohexane, 2650. 
C,sH.90,N.S, 2:2’-Diacetamidodianisyl 4:4’-disulphide, 719. 

CrsHlao0.N28 3-Acetamido-9:10-dimethylphenanthridinium methosulphate, 


N-Benzenesulphonyl-N-methylcytisamic acids, 2780. 
C,,H.,0,N.8, 2-Acetamidoanisyl 4-disulphoxide, 719. 
C,,H.,ONBr p-Bromophenacyl-p-methylbenzyldimethylamine, salts of, 68. 
C,,.H.,0,NBr p-Bromophenacylmethoxybenzyldimethylamines, salts of, 65. 
C,,H,,0,N.Br m-Nitrophenacylpyridinium bromide, 1155. 
C,.H.,ONBr p-Methylphenacylbenzyldimethylammonium bromide, 1929. 
C,.H.,ONI a-Methylphenacylbenzyldimethylammonium iodide, 1937. 
C,,.H..0,NBr p-Methoxyphenacylbenzyldimethylammonium bromide, 1929. 


C,, Group. 


C,,H,, Methylbenzanthracenes, 470. 
C,,H.. 1:4-Dimethyl-7-isopropylphenanthrene, 1791. 


19 I 


C,,H,.0, Methyl-1:2-benzanthraquinones, 470. 
2-Phenyl-1:4-8-naphthapyrone, 2423. 

C,,.H,,0, 2-Hydroxy-2-phenyl-1:4-8-naphthapyranone, 2422. 

C,,H,,0, 6:7-Diacetoxy-3-phenylcoumarin, 2421. 

C,,.H,;N Fluorenylaniline, 1293. 

C,,H,,0 Benzoyldimethylnaphthalenes, 469. 

C,,H,,0, 2-8-Phenylpropionyl-l-naphthol, 921. 

C,,H,,0, Dimethoxy-2-styrylchromones, 932. 
7-Hydroxy-4’-methoxy-2-styryl-3-methylchromone, 928. 

C,,H,,0, 2-Hydroxy-3:4-dimethoxycinnamylideneacetophenone, 929. 

C,,H,,0, 7:8:3’:4’-Tetramethoxyflavone, 1109. 

C,,H,,0, 2:4-Dimethoxyphenyl af-diformoxy-f-phenylethyl ketone, 1804. 
7-Hydroxy-3:3’:4’:5’-tetramethoxyflavone, 1110. 

C,,H,,.0, 2:4-Dimethoxyphenyl a-hydroxy-f-acetoxy-B-phenylethyl ketone, 

1804. 


C,,H,,0, Barbatic acid, 1678. 
Ethyl evernate, 1395. 
C,,H,.0, 2:4-Dimethoxyphenyl a-hydroxy-f-ethoxy-f-phenylethyl ketone, 
1802. : 


C,,H,.0, 2:4-Dimethoxypheny]l a-hydroxy-f-methoxy-f-p-methoxyphenylethyl 
ketone, 1804. 

C,,H,,0, Ethyl 2-(8-2’:5’-dimethylphenylethyl)cyclohexanone-2-carboxylate, 
2525. 


Ethyl 2-(8-o-tolylethyl)-4-methylcyclohexanone-2-carboxylate, 2526. 
C,,H,,0,, Methyl salicylate £-vicianoside, 2771. 
C,,H,,0, Ethyl 2-(f-2’:5’-dimethylphenylethyl)cyclohexanol-2-carboxylate, 
2525. 


Ethyl 2-(8-0-tolylethyl)-4-methylcyclohexanol-2-carboxylate, 2526. 
C,,H,,0, 2-Hydroxy-1:2-dihydroeremophilone diacetate, 2757. 
C,,H,,0, /-Menthyl hydrogen dipropylmalonate, 2337. 
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19 I1I—19 V FORMULA INDEX. 


19 Ii 
C,,H,,0,N, 3-Nitro-9-o-nitrophenylphenanthridine, 2228. 
C,,H,,0N Fluorenylideneaniline oxide, 1293. 
C,,H,,0,C1 1-Chloro-9-methoxy-9:10-dihydroanthraquiny1-9:10-endo-aB-suc- 
cinic anhydride, 1456. 
C,,H,,0;N, 2-o-Nitrobenzamido-5-nitrodiphenyl, 2228. 
C,,H,,ON, 9-0-Aminobenzoylcarbazole, 2190. 
Nitrosofluorenylaniline, 1293. 
C,,H,,0,N a-2-Naphthoxymethylmandelonitrile, 2422. 
C,,H,,ON, 2-Amino-6-benzoyldiphenylamine, 2191. 
C,,.H,,0,N 1-8-Piperonylethylnorhydrastinine, 2512. 
C,,H,,0,N, 1-Acetoxy-3-(4’-nitro-2’-methylpheny]l)-1:3-dihydrophthalazine-4- 
acetic acid, 477. 
Croll ,O.N, Trinitro-5-methoxy-1:3-dimethyl-3-8-phenoxyethy]-2-indolinone, 


C,.H,,0,.N, 3-Acetyl-1-(2’:4’-dinitrophenyl)-4-hydroxymethyl-4-methyl-4:5-di- 
hydropyrazole 2”:4”-dinitrophenylhydrazone, 2672. 

C,,H,,0.N Ethyl 8:9:10:11-tetrahydro-a’f’-naphthacarbazole-7-carboxylate, 
2194, 


C,.H,,0;,N 8-Piperonylpropiono-8-piperonylethylamide, 2512. 
C,.H,,0,N, Ethyl 1-hydroxy-3-(4’-nitro-2’-methylpheny])-1:3-dihydrophthal- 
azine-4-acetate, 477. 
C,,H.,.0.N, Akuammicines, and their salts, 2767. 
4-Anisidinoethoxyquinaldines, 1986. 
4-Phenetidinomethoxyquinaldines, and their salts, 1985. 
C,,H,,0,T1 (Diethylthalli)dibenzoylmethane, 2739. 
C,,.H,,0,N, 1-Acetoxy-3-(4’-amino-2’-methylpheny])tetrahydrophthalazine-4- 
acetic acid, 478. 
C,,H,,0,Br, ‘Tribromobarbaloin trimethyl ether, 2582. 
C,,H,.0,.N, 3:4’-Diacetamido-2:4:6-trimethyldiphenyl, 2640. 
C,,H,,0,N, Ethyl 4-nitrohydroxyphenyl-2:6-dimethyl-1:4-dihydropyridine-3:5- 
dicarboxylates, 1117. 
C,,H;,0,I, Ethyl di-iodohydrin palmitates, 1976. 
19 IV 
C,,.H,,ONCl, N-3:5-Dichlorophenylbenzimino-3:5-dichlorophenyl ether, 1773. 
C,,H,,0ONCl], N-o-Chlorophenylbenzimino-o-chloropheny] ether, 1777. 
N-3:5-Dichlorophenylbenziminophenyl] ether, 1773. 
Croll, ONS, 2:2’-Di-imino-4:4’-diketo-3:3’-diphenyl-5:5’-dithiazolidylmethane, 


C,.H,,0;N.8 2-0-Nitrophenylacetamido-l-naphthylmethylsulphone, 2777. 
C,,.H,,N,Cl,Pt Dipyridinodiquinolinoplatinous chlorides, 2220. 
C,,.H,,0,NBr Ethyl 5-bromo-8:9:10:11-tetrahydro-a’p’-naphthacarbazole-7- 
carboxylate, 2195. 
C,,H,,0NI 1:2:3-Trimethyl-3-8-phenoxyethylindoleninium iodide, 319. 
C,,H,,0,N,8 m-Nitrobenzenesulphonylcyclohexyl-p-toluidine, 2652. 
C,,H,,;0,NS 2-p-Toluenesulphonamidophenylcyclohexane, 2649. 
‘ p-Toluenesulphonylceyclohexylaniline, 2651. 
C,,.H,,OIP p-Phenoxyphenyldi-n-propylphosphine methiodide, 2882. 
C,,.H;,0;N,As p-Arsonoanilinomalonbisamylamides, 2782. 
19 V 
C,,H,,0,N,SI 8-Benzenesulphonylethylamino-1-ethylquinolinium iodide, 2214. 
8-Benzenesulphonyl-n-propylamino-l-methylquinolinium methiodide, 2216. 








FORMULA INDEX. 


C,, Group. 


C,,.H,,N Iminodinaphthyls, 531. 

C..H,,0, 3-Benzyl-1:4-a-naphthapyrone, 921. 
2-Hydroxy-3-benzyl-2:3-dihydro-1:4-a-naphthapyrone, 922. 
3-Phenylmethyl-1:4-a-naphthapyrones, 922. 

C,.H,,0, 2-Phenylacetyl-1-naphthol acetate, 921. 

C.oH,,0, 7-Acetoxy-2-styryl-3-methylchromone, 928. 
2-(3’:4’-Methylenedioxystyryl)dimethyl-1:4-benzopyrones, 1684. 

C,,.H,,.N, Diaminonaphthyls, and their picrates, 530. 

C.oH,,0 1-(3’:4’-Dimethylbenzoyl)-2-methylnaphthalene, 469, 
Toluoyldimethyinaphthalenes, 469. 

C,.H,,0; 7:8:4’-Trimethoxy-2-styrylechromone, 932. 

C..H,.N, N-Methyldiphenylbenzamidine, and its salts, 648. 


i- CxoH..0, y-Keto-f-hydroxymethyl-8-methylbutyl dibenzoate, 2671. 
C.oH..0, Methyl O-acetylevernate, 1394. 
y C..H,,0, Methyl barbatate, 1679. 


Pentamethoxybenzoylacetophenone, 1110. 
C..H,,0, 3:4:3’:4’-Tetramethoxy-6’-ethyl-af-diphenylethane, 802. 
- C,.H,,0 trans-Octahydronaphthyl-2-trans-B-decalone, 2128. 


20 Ill ° 
C..H,,0,Br, Dibromofluorescein, preparation of, 724. 
C,,.H,,0,N, 15-Nitro-9-nitroso-16-hydroxy-15:16-dihydrophenanthracarbazole, 
2875. 
C..H,,0,N, Dinitro-15:16-dihydroxy-15:16-dihydrophenanthracarbazole, 2875. 
C..H,,0,N, Nitroaminodinaphthyls, 529. 
Nitro-2:3-diphenylindole, 2874. 
. C..H,,0,N, Nitrohydroxy-15:16-dihydrophenanthracarbazoles, 2874. 
C..H,,0,N, Nitro-15:16-dihydroxy-15:16-dihydrophenanthracarbazole, 2875. 
C.oH,,;0,.N w-Phthalimido-1:4-dimethylnaphthalene, 2019. 
CooH,,0;N, 0-2:4-Dinitrophenoxybenzaldehyde methylphenylhydrazone, 955. 
C..H,,0,,N, 4:4’-Dinitrodiacetyldehydrodivanillin, 442. 
C..H,,ON 2-Benzamido-4-methyldiphenyl, 1893. 
C,.H,,0,.N, N-Methyldiphenylnitrobenzamidines, and their salts, 649. 
Phenyl benzyl ketone nitrophenylhydrazones, 2874. 
’ C..H,,0,N 4-Nitrocatechol dibenzyl ether, 2879. 
C..H,,0,N Methyl-8-phthalimidoethylcarbinyl hydrogen phthalate, 309. 
C,.H,,N.Cl N-Methyldiphenyl-o-chlorobenzamidine, and its hydrochloride, 649. 
C..H,,N,Br N-Methyldiphenyl-p-bromobenzamidine, and its hydrochloride, 650. 
C,.H,,ON, 4-Phenyl-7-methylcoumarin phenylhydrazone, 1688. 
C..H,,0,N, «f8-Di(phenylcarbamyl)phenylhydrazine, 2086. 
C..H,,0,N, y-Keto-8-hydroxymethyl-8-methylbutyl di-p-nitrobenzoate, 2671. 
C..H,,0,N 4-Aminocatechol dibenzyl ether, 2879. 
Croll ON, N-Methyldiphenyl-m-methoxybenzamidine, and its hydrochloride, 


Croll ON, Bishydroxymethyltetrahydro-y-pyrone 2:4-dinitrophenylhydrazone, 
70. . 


CyoH,,0,N 1-8-3’:4’-Dimethoxyphenylethylnorhydrastinine, 2511. 
6:7-Dimethoxy-1-8-piperonylethy]-3:4-dihydroisoquinoline, 2512. 
Ethyl 5-methoxy-3-8-phenoxyethylindole-2-carboxylate, 330. 

3089 




















20 ItI—21 I FORMULA INDEX. 


C.oH,,0,N, 4-Phenetidinoethoxyquinaldines, and their salts, 1986. 
C..H.,0,N, Akuammenine, picrate of, 2767. 
Bishydroxymethyltetrahydro-y-pyrone phenylhydrazone, 2670. 

C..H,,0,N, Methyl aa’-diketoadipate diphenylhydrazone, 2959. 

C.oH,,0,N, Ethyl 4-(6’-nitro-3’-methoxyphenyl)-2:6-dimethylpyridine-3:5-di- 
carboxylate, 1117. 

C,,H.,0,N 5-Methoxy-1:3-dimethyl-3-8-phenoxyethyl-2-methyleneindoline, 
331. 


C,.H,,0,N §8-Piperonylpropiono-f-3’:4’-dimethoxyphenylethylamide, 2511. 

C..H,,0,N, Ethyl 4-(nitromethoxypheny])-2:6-dimethyl-1:4-dihydropyridine- 
3:5-dicarboxylates, 1116. 

C.oH.,ON, 4-Keto-l-ethyl-7-isopropyl-1:2:3:4-tetrahydrophenanthrene _ semi- 
carbazone, 2719. 

C,,.H,,0,N, Echitamidine, and its salts, 2628. 

C..H,,0P p-Phenoxyphenyldi-n-butylphosphine, 2882. 

C.oH.,0,N, 6-Acetyl-4:9-dimethyl-2-decalol 2:4-dinitrophenylhydrazone, 2753. 

C..H,,ON trans-Octahydronaphthyl-2-trans-B-decalone oxime, 2128. 

20 IV 

C..H,,OBr,S 6:13-Dibromo-affa’-dinaphthathioxin, 640. 

C.,.H,,0,Br.8 Dibromodehydro-2-naphthol 1-sulphides, 640. 

C..H,,0C1,Br 1:8-Dichloro-10-bromo-10-phenylanthrone, 508. 

C..H,,0BrS 13-Bromo-affa’-dinaphthathioxin, 641. 

C..H,,0,.BrS Bromodehydro-2-naphthol 1-sulphides, 640. 

C..H,,0,Br,8 3:3’-Dibromo-2-naphthol 1-sulphide, 639. 

C..H,,0,BrS 3-Bromo-2-naphthol 1-sulphide, 640. 

C..H,,O,NAs 7-Benzamidofluorenone-2-arsonic acid, and its sodium salt, 1638. 

C..H,,0,N,As 7-Phenylcarbamidofluorenone-2-arsonic acid, sodium salts, 1639. 

C..H,,0,N,Cl, Ethyl diketosuccinate 2:4:5-trichlorophenylosazone, 1025. 

C,.H,,0,N,Br «f-Di(phenylcarbamyl)-p-bromophenylhydrazine, 2087. 

C..H,,0,N,Cl, Ethyl diketosuccinate 2:5-dichlorophenylosazone, 1025. 

Croll ONS 2’:4’-Dinitro-2-p-toluenesulphonamido-4-methyldiphenylamine, 
359. 


2’:4’-Dinitro-2-p-toluenesulphonamido-5-methyldiphenylamine, 2359. 
C,.H,,0,NI 1-8-Piperonylethylnorhydrastinine methiodide, 2512. 
C. oH.,0,N,Ni Nickel benzylmethylglyoximes, 246. 
C.,.H,,0,.N,I Akuammicine methiodide, 2767. 
CooHl,.O.NI 5-Methoxy-1:2:3-trimethyl-3-8-phenoxyethylindoleninium iodide, 


C..H,,0.NS p-Toluenesulphonylcyclohexyl-p-toluidine, 2652. 
C..H,,0,AsSb Methyltri-n-amylarsonium antimony] d-tartrate, 1818. 
20 V 
C..H,OCIBr,S Chloro-6:13-dibromodinaphthathioxin, 640. 
C.oH,,0,.N,8,Na, Sodium 4-sulpho-5-nitro-2-hydroxy-a-naphthaleneazo-f- 
naphthyl sulphite, 1274. 
C..H,,0,N,8,Na, Sodium 4-sulpho-2-hydroxy-a-naphthaleneazo-f-naphthyl 
sulphite, 1274. 
20 VI 


C.oH,,0,NCIS,As Di-p-tolyl 4-chloro-3-nitrophenylthioarsinite, 1369. 


C,, Group. 
C,,H,, isoPropyl-1:2-benzanthracenes, 464. 
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FORMULA INDEX. 21 Il—21 I 


21 0 
C,,H,,0, 2-Styryl-1:4-a-naphthapyrone, 931. 
C.,H,,0, 3-Benzyl-2-methyl-1:4-a-naphthapyrone, 923. 
2-Cinnamylideneacetyl-1-naphthol, 928. 
isoPropyl-1:2-benzanthraquinones, 464. 
C.,H,,0, 2-Acetoxy-2-phenyl-1:4-8-naphthapyranone, 2423. 
C,,H,,0 Diphenyl-p-tolylacetaldehyde, 2602. 
r-p-Tolyldeoxybenzoin, 2601. j 
C.,H,,0, Cuminoylnaphthoic acids, 462. 
2-8-Phenylpropionyl-1-naphthol acetate, 921. 
4’-isoPropyl-1’-naphthoyl-2-benzoic acid, 467. 
C,,H,,0, 9-Methoxy-1:4-dimethyl-9;10-dihydroanthraquinyl-9:10-endo-af-suc- 
cinic anhydride, 1457. 
2-(3’:4-Methylenedioxystyry])-6-methyl-3-ethyl-1:4-benzopyrone, 1182. 
2-(3’:4’-Methylenedioxystyryl)methylethylbenzopyrones, 1686. 
C.,H,,0; 7-Acetoxy-4’-methoxy-2-styryl-3-methylehromone, 928. 
C.,H,.N, N-Ethyldiphenylbenzamidine, and its salts, 649. 
C.,H,,N «f-Diphenylethylmethylaniline, and its hydrochloride, 1938. 
C.,H,,N, Quinoline-2-aldehyde p-diethylaminoanil, 723. 
C.,H,,0, Ethyi barbatate, 1679. 
Methyl O-methylbarbatate, 1679. 
C.,H,,0, Hexamethoxy-w-benzoylacetophenone, 1110. 
C.,H,,0,,; 2-0-Tetra-acetyl-8-glucosidylphloroglucinaldehyde, 2302. ' 
C.,H,,.N, Dihydrodesmethylenetetrahydromethylstrychnidine-K*, 1252. 
CuHH.0,, Ethyl 4-isopropyl-2-(B-o-tolylethyl)cyclohexan-1-one-2-carboxylate, 
2799. 


C.,H;,,0, Ethyl 4-isopropyl-2-(f-o-tolylethyl)cyclohexan-1-ol-2-carboxylate, 
2800. 


C.,H,,0, /-Menthyl hydrogen dibutylmalonate, 2338. 


21 I 
C,,H,,0,Br, Triacetyltetrabromoaloe-emodin, 2582. 
C,,H,,0,Cl, 1:8-Dichloro-10-methoxy-10-phenylanthrone, 508. 
C.,H,,0,N 3-Benzoyl-9-acetylcarbazole, 2190. | 
C.,H,,ON Fluorenylacetanilide, 1293. 4 
C.,H,,0,N, «-Phenylcinnamaldehyde p-nitrophenylhydrazone, 749. 
C,,H,.N,Cl 6-Amino-2-(2’-quinolylstyryl)quinoline methochloride, 723. 
C.,H,,0.N, N-Ethyldiphenylnitrobenzamidines, and their salts, 649. 
C,,H,,N.Cl N-Ethyldiphenyl-o-chlorobenzamidine, and its hydrochloride, 649. 
Cul, ON, 5-Ethoxy-3-methyl-3-(8-phthalimidoethyl)indolenine, and its salts, 


NN’-Phthaloyldinoreserethole, 312. 
C.,H,,0,N, 5-Ethoxy-3-methyl-3-(8-phthalimidoethyl)indolinone, 313. 
5-Methoxy-1:3-dimethyl-3-8-phthalimidoethyl-2-indolinone, 1435. 
C,,H,,0,N, y-Keto-f-hydroxymethyl-8-methyl-n-amyl di-p-nitrobenzoate, 
2672. 


C,,H,,0,N 2:3:11:12-Tetramethoxydibenzodihydropyrrocoline, 799. : 
C,,H,,0,,C1 Pelargonenin chloride, 2302. 

C,,H,,0,,01 Cyanenin chloride, 2222. 

CuHl,ON, N-Ethyldiphenyl-m-methoxybenzamidine, and its hydrochloride, 


C,,H,,0,N, neoStrychnine, 772. 
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21 II—22 Il FORMULA INDEX. 


C.,H,,0,N, neoStrychnine N-oxide, 773. 
#%-Strychnine, and its salts, 2309. 
C,,H,,ON, Desmethyleneanhydrotetrahydromethylstrychnine-K*, 1251. 
neoStrychnidine, 774. 
C,,H,,0.N, Oxyneostrychnidine, 492. 
C.,H,,0,N, Akuammidine, and its salts, 2764. 
C,,H,,0,N Dinitrocannabinol, 1350. 
C.,H,,0,N 2-8-Phenylethylcyclohexanol phenylurethane, 2523. 
C,,H,,0,N 5:6-Dimethoxy-2-(3’:4’-dimethoxy-6’-vinylpheny])-1-methyldihydro- 
indole, 800. 
1-8-3’:4’- Dimethoxyphenylethyldihydrohydrastinine, 2511. 
6:7:3’:4’-Tetramethoxy-1-8-phenylethyl-3’:4’-dihydroisoquinoline, and its 
picrate, 2512. 
C.,H,,ON, Dihydrodesmethyleneanhydrotetrahydromethylstrychnine-K*, 1251. 
C,,H,,0,.N, Tetrahydroneostrychnine, 774. 
C.,H,,0,N 5:6-Dimethoxy-2-(3’:4’-dimethoxy-6’-ethylpheny])-1-methyldihydro- 
indole, 800. 
C.,H,,0.N, Hexahydrostrychnine, 775. 
Car Ha, O.N 2-Hydroxy-1:2-dihydroeremophilone 2:4-dinitrophenylhydrazone, 
57. 


2-Hydroxy-w-dihydroeremophilone 2:4-dinitrophenylhydrazone, 2759. 
C.,H,,0,N, Tetrahydroeremophilone 2:4-dinitrophenylhydrazone, 2753. 
C.,H,,0,N, 2-Hydroxytetrahydroeremophilone 2:4-dinitrophenylhydrazone, 

2758. 


C.,H;,0N, trans-Octahydronaphthyl-2-trans-8-decalone semicarbazone, 2128. 
C.,H,,0.I, Ethyl di-iodohydrin stearates, 1977. 


21 IV 
C,,H,,0;N,As Fluorenone-7-glycineanilide-2-arsonic acid, and its sodium salt, 
1636. 


C,,H,,0,NI 1-8-3’:4’-Dimethoxyphenylethylnorhydrastinine methiodide, 2511. 
6:7-Dimethoxy-1-8-piperonylethyl-3:4-dihydroisoquinoline methiodide, 2512. 

C.,H,,0,NI 3:4-Dihydropapaverine methiodide, 803. 

C,,H,.OIP p-Phenoxyphenylmethyldi-n-butylphosphonium iodide, 2883. 


C,, Group. 
C,,H,, 1:2:7:8-Dibenzanthracene, and its picrate, 1479. 


22 I 

C.3H,,0, 1:2:7:8-Dibenzanthraquinone, 1482. 

C..H,,0, 2-Carboxydinaphthyl ketones, 1477. 

C,.H,,0, 1:2’-Dinaphthylmethane-2-carboxylic acid, 1478. 
2-Styryl-3-methyl-1:4-a-naphthapyrone, 928. 

C..H,,0, 2-Methoxystyryl-1:4-a-naphthapyrones, 931. 

C.,.H,,0, 4:4-Dibenzyl-1:1-dimethylcyclohexane-3:5-dione, 1083, 

C..H,,0, 2-Benzoyloxyeremophilone, 2755. 
y-Dibenzylacetyl-£8-dimethylbutyric acid, 1083. 


C..H,,0, /-Menthyl hydrogen naphthalate, rotation of, in polar and non-polar 
solvents, 1409. 


¢,,H.,0, Cannabinol methyl ether, 1348. 
C.,H,,N Aponorconessine, and its picrate, 634. 
C,,H,,N Dihydroaponorconessine, 634. 
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FORMULA INDEX. 22 IlI—22 IV 


22 Il 
C,,H,,0;N, Nitro-l-acetyl-2:3-diphenylindoles, 2874. 
C,,H,,0,N, Nitroacetoxy-15:16-dihydrophenanthracarbazole, 2875. 
C,,H,,ON 1-Acetamido-2:2’-dinaphthyl, 532. 
1-Acetyl-2:3-diphenylindole, 2874. 
C.:H,,0,N, 1-Hydroxy-3-(4’-nitrobenzeneazobenzene)-1:3-dihydrophthalazine- 
4-acetic acid, 1124. 
C..H, 0,N, F a areey diet benzeneazobenzene)-1:3-dihydrophthalazine-4-acetic 
acid, bs 
C.,H,,ON Piperidinobenzanthrone, 1262. 
CrsHl ON, 2-(2’:4’-Dinitrophenoxy)-3-ethoxybenzaldehyde methylphenyl- 
ydrazone, 955. 
C.,H,,0,N 4-Acetamidocatechol dibenzyl ether, 2879. 
C..H,,0,N Ethyl 2-aldehydo-4:5-dimethoxyphenoxyacetate azlactone, 1387. 
C,,H,,ON, 1-Benzamido-4-piperidinonaphthalene, 1259, 
C.,H,.0,N, 5-Ethoxy-3-methyl-(f-o-carboxybenzamidoethyl)indolenine-2-carb- 
oxylic acid, and its potassium salt, 311. 
C,.H..0,N, Nitro--gnoscopine, 1373. 
C..H.,0;,N --Gnoscopine, 1375. 
CraH.0.N, 3-Methylcyclopentanespirocyclopropane-2’:3’-dicarboxyanilides, 


C..H,,0,N N-Methylchano-y-strychnine, and its salts, 2309. 

C..H.,0,N, Akuammiline, and its salts, 2765. 

C,.H,,0,N, Amino--gnoscopines, 1374. 

C,,H,,ON, Anhydrotetrahydromethylstrychnine-K*, 1250. 

C,.H,,0,N, Akuammigines, and their salts, 2766. 

C.,H,,0,N, Ethyl aa’-diketoadipate diphenylhydrazone, 2959. 

C..H.,0,N Dinitrocannabinol methyl ether, 1349. 

C..H,,0,N, 2-Hydroxy-1:2-dihydroeremophilone 3:5-dinitrobenzoate, 2757. 

C,.H,,0,N 6-Dimethylamino-3:4:3’:4’-tetramethoxy-6’-vinylstilbene, 801. 

C..H,,0,N, Nitroakuammine, hydrochloride of, 2764. 

C,,H,,ON, Dihydroanhydrotetrahydromethylstrychnine-K*, 1250. 

C.,H,,0.N, Tetrahydromethylstrychnine-K, 1243. 

C,,H,,0,N 6:7:3’:4’-Tetramethoxy-1-8-phenylethyl-3:4-dihydroisoquinoline 
methiodide, 2512. 

C,.H,,0,N, Echitamine, and its salts, 2630. 

C,.H,,0,N, Dihydroeremophilo]l 3:5-dinitrobenzoate, 2753. 

C..H,,O,N 6-Dimethylamino-3:4:3’:4’-tetramethoxy-6’-ethylstilbene, 801. 

C..H,,ON, Tetrahydroanhydrotetrahydromethylstrychnine-K*, 1250. 

Tetrahydromethylstrychnidine-K, 1246, 

C..H;,0,N 6-Dimethylamino-3:4:3’:4’-tetramethoxy-6’-ethyl-af-diphenyl- 
ethane, 802. 

C..H,,N,I Dihydrodesmethylenetetrahydromethylstrychnidine-K* meth- 
iodide, 1252. 

C..H,,0,8, «-Disulphidoundecoic acid, 596, 

22 IV 

C,.H,,ONC] Chlorocyano-10-benzylanthrones, 508. 

C.,H,,0,N,Cl, Diketosuccinophenylhydrazide 2:5-dichlorophenylosazone, 1024, 

CH, /0,NS, 4-Chlorosulphonylphenyl-2-hydroxy-1-naphthylsulphonanilide, 


C,,H,,0,N,Cl 1-Hydroxy-3-(2’-chloro-4’-nitrophenyl)-1:3-dihydrophthalazine-4- 
acetanilide, 15. 
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22 IV—23 I FORMULA INDEX. 


C..H,,0,NS, 2-Hydroxy-1-naphthylphenylsulphone-4’-sulphonanilide, 1043. 

C..H,,0,N,8 3-(4’-Nitrobenzeneazobenzene)-1:3-dihydrophthalazine-l-sul- 
phonic-4-acetic acid, sodium hydrogen salt, 1122. 

C,,H,,0,N,8 8-Benzenesulphonylbenzylaminoquinoline, 2216. 

C..H,,0,N,8 3-(Benzeneazobenzene)-1:3-dihydrophthalazine-1-sulphonic-4- 
acetic acid, salts, 1121. 

C..H.,0,N,8 m-Nitrobenzenesulphonamidophenyltetrahydronaphthalene, 2653. 

C..H,,ONBr Phenyldibenzylmethylammonium bromide, 1938. 

C..H,,0,NI Iodo-f-y-gnoscopine, 1375. 

C,,H,,0,N,Cl Methylneostrychninium chloride, 771. 

C..H,,0,N,I Methylneostrychninium iodide, 771. 

C,.H,,ONBr, a-Phenyl-f-piperidinopropane £-bromophenacylobromide, 2611. 

C..H,,ON,I Desmethyleneanhydrotetrahydromethylstrychnine-K* meth- 
iodide, 1251. 

C,.H,,0,N,I Akuammidine methiodide, 2765. 

C,.H,,0,NI 2:3:11:12-Tetramethoxy-8-methyldibenzotetrahydropyrrocolinium 
iodide, 799. 

C..H,,0,N,Cl Tetrahydrostrychnine methochloride, 497. 

Tetrahydroneostrychnine methochloride, 499. 
C,.H,,0,N,I Tetrahydrostrychnine methiodide, 497. 
Tetrahydroneostrychnine methiodide, 499. 


22 V 
C..H,,0,,.N,8,Na, Sodium p-sulphobenzeneazobenzeneazo-8-sulpho-8-naphthyl 
sulphite, 1269. 
C..H,,0,.N,8;,Na, Sodium 4’-aminodiphenylazodisulpho-f8-naphthyl sulphites, 
1269. 


C..H,,0,N,8,.Na, Sodium 4’-aminodiphenylazo-8-sulpho-f-naphthyl sulphite, 
1269. 


C..H,,0,N,SNa Sodium 4’-aminodiphenylazo-f-naphthyl sulphite, 1270. 
C..H,,0,NS8,As Di-p-tolyl 3-acetamido-4-hydroxythioarsinite, 1369. 


C,, Group. 
C,;H,,0; 1’:3’-Naphtha-3:4-pyrene-5:9:10-trione, 1484, 
C,;H,,0 1’:3’-Naphtha-3:4-pyren-5-one, 1484. 
C.;H,,0,; 3-Benzoyl-6-methylflavone, 1183. 
C.;H,,0 Benzylidenedimethylanthrones, 1458. 
C,;H,,0, 2:4:6-Triphenylpyrylium hydroxide, salts of, 2897. 
C,;H,,0, 4’-Methoxy-2-styryl-3-methyl-1:4-a-naphthapyrone, 928. 
C.3H,,0, 2-(3’:4’-Dimethoxystyryl)-1:4-a-naphthapyrone, 931. 
C.3H.90, Cuminoylnaphthoic acetoxylactones, 463. 
C,,H,.0, Rotenone, 1380. 
C.,;H,,0, /-Menthyl methyl naphthalate, rotation of, in mixed solvents, 1400. 
C.,;H,,0, Ethyl O-diethylevernate, 1392. 
C.,;H,,N. Norconessine, and its salts, 633. 


23 I 
C,,;H,,0,N, Ciba yellow 3G, 2786. 
C,,H,,0,N, 2:6-Di-m-nitrophenyl-4-phenylpyrylium hydroxide, salts of, 2899. 
C.,;H,,0,N Nitrophenyl-2:6-diphenylpyrylium hydroxides, salts of, 2898. 
C,,H,,0,N, Ethyl 4(or 6)-nitro-2:3-diphenylindole-l-carboxylate, 2875. 
C,,H,,0,N Ethyl 2:3-diphenylindole-l-carboxylate 2875. 
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FORMULA INDEX. 23 INI—24 II 


C.3;H.,0,N, 2-(2’:4’-Dimethoxypheny]l)-3-benzylquinoxaline, 1803. 

C,,;H.,.0;N, Methyl 1-hydroxy-3-(benzeneazobenzene)-1:3-dihydrophthalazine- 
4-acetate, 1122. 

C.;H..0,N, 1-Hydroxy-3-(4’-nitro-2’-methylphenyl)-1:3-dihydrophthalazine-4- 
acetanilide, 477. 

C,,;H,.N.S a-Phenyl-f-(p-tetrahydronaphthylphenyl)thiocarbamide, 2653. 

C.,H,,;0,,C1 Malvenin chloride, 2224. 

C,;H.,0;N, des-N:0-Dimethyl-/-strychninium hydroxide, 2309. 

C,,;H.,0,N, Acetylakuammidine, 2765. 

neoBrucine, 779. 

C,;H,,0.N, Ethyl é-cyano-fe-diketo-octoate diphenylhydrazone, 2430. 

C,;H.,0,N, Methoxymethyldihydroneostrychnine, 770. 

C,;H,,0,N, Dihydrobrucine, 780. 

23H390,;N, Dihydromethoxymethyldihydroneostrychnine, 770. 
Oxymethoxymethyldihydroneostrychnidine, 495. 
C,;H,,NI Aponorconessine methiodide, 634. 
C.;H,.0.N, Dihydroxynorconessine, 633. 


23 IV 
C,;H,,0,N,Cl Chloro-Ciba yellow 3G, 2786. 
C,;H,,ONBr 5-Bromo-7-benzoyl-8:9:10:11-tetrahydro-a’p’-naphthacarbazole, 
2194. 


5-Bromo-11-benzoyl-7:8:9:10-tetrahydro-af-naphthacarbazole, 2195. 
C,,;H,,ON,I 4-Phenyl-2-o-hydroxystyrylquinazoline methiodide, 257. 
C,,H,,0,NS 4-Methylanilinosulphonylphenyl 2-naphthyl ether, 1045. 
C,;H,,0,NS8, 4-Chlorosulphonylphenyl-2-hydroxy-1l-naphthylmethylsulphon- q 
anilide, 1043. 
CrHs,0,NS, 2-Hydroxy-1-naphthylphenylsulphone-4’-sulphonmethylanilide, 


‘= ond Fluorenone-7-glycine-p-acetophenonylamide-2-arsonic acid, and 
its sodium salt, 1637. 


C,;H.,ON,Cl 6-Acetamido-2-(2’-quinolylstyryl)quinoline methochloride, 723. 
C,;H,,0,.N.I Oxymethylneostrychnidinium iodide, 496. 
C.,;H,,0,N,I O-Methyl-y-strychnine methiodide, 2309. 
C,;H,,0,N,I Akuammiline methiodide, 2766. 
C.;H,,ON,Cl Ethylneostrychnidinium chloride, 493. 
C.,;H,,ON,I Ethylneostrychnidinium iodide, 493. 
Strychnidine ethiodide, 492. 
C.,H,,0,N,I -Akuammigine methiodide, 2767. 
C,;H,,.0,N.8 Tetrahydrostrychnine methosulphate, 497. 
C.,H,,0,N.I Akuammine hydrate methiodide, 2764. 


23 V 
C,,H,,0,N,SI 8-Benzenesulphonylbenzylamino-l-methylquinolinium iodide, 
2216. 


C,,H,.0,N,CII 10-Chloro-1:1’-diethyloxadicarbocyanine iodide, 266. 
C.,H,.N,CIUIS, 10-Chloro-1:1’-diethylthiodicarbocyanine iodide, 266. 
C,,H,.N.BrIS, 10-Bromo-1:1’-diethylthiodicarbocyanine iodide, 266. 


C,, Group. 


C,,H,,0, 1/:3’-Naphtha-3:4-pyren-5-one-10-carboxylic acid, 1485. 
C.,H,,0, 1:2:7:8-Dibenzanthracene-4:5-dicarboxylic acid, 1482. 
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24 TI—25 FORMULA INDEX. 


C.,H,,0, 1:2:7:8-Dibenzanthranyl 10-acetate, 1479. 
C.,H,,0, «a-o-Hydroxybenzylidene-10-carboxy-2-phenanthrylacetic acid, 1483. 
C.,H,,0, 2:2’-Diphenoxydiphenyl, 282. 
4:4’-Diphenoxydiphenyl, 2881. 
C.,H,,0, 2-(3’:4’-Dimethoxystyryl)-3-methyl-1:4-a-naphthapyrone, 931. 
C.,H,,N, Tribenzyltrimethylenetriamine, 1356. 
C.,H,,As ‘Tri-8-phenylethylarsine, 2288. 
C.,H;,0,, Hexa-acetyl difructofuranose 1:2-anhydride, 2390. 


24 Ill 
C.,H,,0,N, Di-a-o-nitrobenzylidene-m-phenylenediacetic acid, 1480. 
C.,H,,0.Hg Mercury bis-p-diphenyl ether, 2882. 
C.,H,,0;N, 2-Phenylacetyl-l-naphthol 2:4-dinitrophenylhydrazone, 921. 
C.,H,,0.N Methylnaphthylidene-w-nitrodimethylnaphthalene, 2018. 
C.,H,.0.N, Diacetamidodinaphthyls, 530. 
C.,H..0,N, Di-a-o-aminobenzylidene-m-phenylenediacetic acid, 1481. 
C.,H.,0,N 2:3:11:12-Tetra-acetoxydibenzodihydropyrrocoline, 798. 
C.,H,,0,N, 2-(2’:4’-Dimethoxypheny]l)-3-p-methoxybenzylquinoxaline, 1805. 
C.,H,.0,N, Ethyl 1-hydroxy-3-(benzeneazobenzene)-1:3-dihydrophthalazine-4- 
acetate, 1122. 
C,,H,,0,N 2:3:11:12-Tetra-acetoxydibenzotetrahydropyrrocoline, 797. 
C,,H,,0,N, Ethyl 5-ethoxy-3-methyl-3-(8-phthalimidoethy])indolenine-2-carb- 
oxylate, 310. 
C.,H,,0,N, Acetamido-/-gnoscopines, 1374. 
C.,H,,0,N, Ethyl 3-phthalimido-a-keto-8-methylvalerate p-ethoxyphenylhydr- 
azone, 310. 
C.,H,,C,,C1 3-8-Glucosidylhirsutidin chloride, 2296. 
C.,H,,0,N, Methoxyethyldihydroneostrychnidine, 492. 
C.,H,,0,N, Methoxyethyltetrahydrostrychnidine, 493. 
C.,H,,ON Dehydroergostenone oxime, 2403. 


24 IV 
C.,H,,0,N,Si Tetra-m-nitrotetraphenylsilicane, 2292. 
C.,H,,0,.N,.8, Phenyl 4:4’-dinitrodiphenyl-2:2’-disulphonate, 2025. 
C.,H,,.ONI 4-Phenyl-2-p-hydroxystyrylquinoline methiodide, 257. 
C.,H.,.0,N.8, d-Phenyl benzidine-2:2’-disulphonate, optical resolution of, 2021. 
C.,H,,0,NS Dipiperonylidenethiotropinone, 2486. 
C,,H.,0;NSe Dipiperonylideneselenotropinone, 2487. 
C.,H,,0,N,As Tri(phenylglycineamide)arsine, 2508. 
C.,H,,0,N,As Tri(phenylglycineamide)arsine oxide, 2508. 
C.,H,,0,N,I Methylneobrucinium iodide, 779. 

24V 
C.,H,,0,NSAs Triphenylarsinehydroxybenzenesulphonamide, 970. 
C.,H,,0,N,SNa Sodium p-aminoditolylazo-8-naphthyl sulphite, 1271. 


C,;, Group. 


C,,;H,,0, Methyl 1’:3’-naphtha-3:4-pyren-5-one-10-carboxylate, 1483. 
C.;H,,0, 2:3-Diphenyl-a-naphthapyrones, 923. 

C.,;H,,0, 2-Phenylacetyl-l-naphthol benzoate, 921. 

C,;H,,.N; 3-Benzoylearbazole phenylhydrazone, 2190. 
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FORMULA INDEX. 25 11—26 Ill 


C,;H.00,, Penta-acetoxyflavones, 1110. 
C,;H.,N, Piperidino-as-af-dinaphthazine, 1259. 
C,;H..0, 4-Phenyl-2:6-di-p-tolylpyrylium hydroxide, salts of, 2901. 


25 Il 

C,;H,,.N.Cl, Di-(3:5-dichlorophenyl)phenylbenzenylamidines, 1773. 
C,;H,.N,Cl, NN’-Di-o-chlorophenyl-N-phenylbenzenylamidine, 1776. 

Dipheny1-3:5-dichlorophenylbenzenylamidines, 1773. 
C,;H,,N.Cl Diphenyl-o-chlorophenylbenzenylamidines, 1776. 
C,;H.ON, Benzoyl-N N’-diphenyl-o-phenylenediamine, 1777. 
C,;H..0;N, 2-8-Phenylpropionyl-1-naphthol 2:4-dinitrophenylhydrazone, 921. 
C,;H,.N,I 4-Phenyl-2:3’-indolylvinylquinazoline methiodide, 259. 
C,;H.,0,N, Dipiperonylidene-N-methylaztropinone, 2487. 
C,,H.,.N,I 4-Phenyl-2-p-dimethylaminostyrylquinazoline methiodide, 257. 
C,;H..0,N, Ethyl a-cyano-fe-diketosuberate diphenylhydrazone, 2429. 
C,;H,,IAs ‘Tri-8-phenylethylarsine methiodide, 2289. 
C,;H,,0,N, Methoxymethyldihydroneobrucine, 779. 
C.;H,,N.I, Norconessine dimethiodide, 633. 


25 IV 
C,;H,,ON,C1 Benzoyl-N-phenyl-N’-o-chlorophenyl-o-phenylenediamine, 1777. 
C.;H,,0,,N,8, 3’-Nitrobenzoyl-3-amino-4-methylbenzoyl]-8-naphthylamine- 
4:6:8-trisulphonic acid, sodium salt, 1911. 
3’-Nitro-4’-methylbenzoyl-3-aminobenzoyl-8-naphthylamine-4:6:8-trisulphonic 
acid, sodium salt, 1911. 
C,;H..N,.Cl,Pd, Tetrapyridinopalladium chloropalladite, 1904. 
C,,H,,ONI 4-Phenyl-2-p-hydroxystyrylquinoline ethicdide, 258. 
C,,H;,,0.N.I Methoxyethyldihydroneostrychnidine methiodide, 492. 


C,, Group. 
C,,H,, 1-isoPropenylnaphthalene, dimeride of, 466. 


26 II 
C,,H,,0, 2-8-Phenylpropionyl-l-naphthol benzoate, 921. 
C,,H,,0, 1-Phenyl-4:4-dibenzylcyclohexane-3:5-dione, 1085. 
C..H.,,0, y-Dibenzylacetyl-8-phenylbutyrie acid, 1085. 


26 II 
C,,H,,0Cl, 1:8-Dichloro-10:10-diphenylanthrone, 508. 
C..H,,0,N Dibenzoylcarbazoles, 2190. 
C.,H,,0,N, 5:4’-Dibenzoyl-1-phenylbenzotriazole, 2191. 
C..H,,0,N, 2-Nitro-4:4’-dibenzoyldiphenylamine, 2191. 
C..H..0,.N, 2-Amino-4:4’-dibenzoyldiphenylamine, 2191. 
C,.H,,N,I 4-Phenyl-2:3’-indolylvinylquinoline methiodide, 259. 
C,.H,,0,N Dipiperonylidene-N-methylhomogranatonine, 1431. 
C,,H,,.N,I 4-Phenyl-2-p-dimethylaminostyrylquinoline methiodide, 257. 
C,.H,,N,I, 2:2’-Divinylenediquinoline 1:1’-diethiodide, 238. 
C,.H,,0,N Penta-acetyltetrahydropapaverine, 804. 
C,,H,,0,N, Ethyl a-cyano-f{-diketoazelate diphenylhydrazone, 2432. 
Ethyl a-cyano-fe-diketo-a-methylsuberate diphenylhydrazone, 2430. 
C,.H,,0,N, Di-(5-methoxy-1:3-dimethyl-2-indolinone-3--ethyl)amine, 1435. 
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26 Iv—28 ll FORMULA INDEX. 


26 IV 
C,,H,,0,N,8, Di-4-p-nitrophenoxydi-m-toly] disulphide, 1491. 
C,.H,,0,,N,8, 3’-Nitro-4’-methylbenzoyl-3- amino-4-methylbenzoyl-8-naphthyl- 
amine-4:6:8-trisulphonic acid, sodium salt, 1911. 
C,,H,,ONI 4-Phenyl-2-p-methoxystyrylquinoline ethiodide, 258. 
Cre NC] Substance, from reduction of p-chloronitrobenzene by acetalde- 
y' 


e, 888. 
26 V 
C,,H,,0,NBrS 3-Bromo-4-anilinodehydro-2-naphthol 1-sulphide, 641. 
C,.H,,ON,BrS 3’-Bromodehydro-2-naphthol 1-sulphide phenylhydrazone, 640. 
C,,H,,0,,N,8,As Di(glutathionyl)3-amino-4-hydroxyphenylthioarsinite, 2510. 


C,, Group. 
C,,H,, Ergostatriene-D, 1707. 
C,,H, Dehydroergostene, 1714. 
a- and £-Ergostadienes, 1706. 
C.,H,, «-Ergostene, 1707. 
B-Ergostene, 1709. 
27 I 


C,,H,,0, 3-Phenyl-2-styryl-1:4-a-naphthapyrone, 925. 
C,,H,,0, a«-Ergostenedione, 1704, 
C,,H,,Cl «-Ergostadienyl chloride, 1706. 
C,,H,,0, «-Ergostenonol, 1703. 
C,,H,,Cl «-Ergostenyl chloride, 1707. 
C,,H,,0 Ergostene oxides, 1714. 
B-Ergostenol, 1709. 
C,,H,,0, Ergostenyl oxides, 1712. 
27 I 
C,,H,,0,Br, 3-Phenyl-2-styryl-1:4-a-naphthapyrone bromide, 929. 
C,,H,,0,N, Nitro-l-benzoyl-2:3-diphenylindole, 2875. 
C,,H,,ON 1-Benzoyl-2:3-diphenylindole, 2875. 
C,,H,,0,N, Benzylideneneostrychnine, 773. 
C,,H,,N,I 4-Phenyl-2-p-dimethylaminostyrylquinoline ethiodide, 257. 
C,,H,,NI 1:1’-Diisopropyl-2:2’-carbocyanine iodide, 259. 
C,,H,,0,8 Benzenesulphonylcannabinol, 1347. 
C,,H,;,0,,C1 Pelargonin chloride, 2491. 
C,,H;,0,,C1 Cyanin chloride, 2494. 
27 IV 


CxrH,,O.N,As, 7-Ureidoaminofluorenone-2-arsonic acid, and its sodium salt, 
1639. 


C,,H,,0,N,I 11-Nitro-1:1’-diethyl-2:2’-dicarbocyanine iodide, 265. 
C,,H,,N,CII 11-Chloro-1:1’-diethyldicarbocyanine iodides, 265. 

C,,H,,.N,BrI 11-Bromo-1:1’-diethyldicarbocyanine iodide, 265. 

C,,H,,0,NS m-Nitrobenzenesulphonyleannabinol, 1347. 

C,,H,,0,N,I 10-Nitro-1:1':3:3:3’:3’-hexamethylindodicarbocyanine iodide, 265. 
C.,H,.N,CII 10-Chloro-1:1’:3:3:3’:3’-hexamethylindodicarbocyanine iodide, 264. 
C,,H,,.N,Brl 10-Bromo-1:1’:3:3:3’:3’-hexamethylindodicarbocyanine iodide, 264. 


C,, Group. 
C,,.H,,.0, 3-Benzyl-2-styryl-1:4-a-naphthapyrone, 925, 
C,,.H,.0, 3-Phenyl-2-methoxystyryl-1: 4-a-naphthapyrones, 929. 
C,,H,,0 Methoxydehydroergostatriene, 271. 
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FORMULA INDEX. 28 II—29 Ill 


C,.H,,O0 Dehydroergostenone, 2403. 
Methoxyergostatrienes, 270. 
C.,.H,,0 Methoxy-a-ergostadiene, 272. 
C,,.H,,0 Methoxyergostenes, 272. 
28 Ill 
C,.H,,0,N 3:6-Dibenzoyl-9-acetylcarbazole, 2190. 
C..H,,.0.Br, 3-Benzyl-2-styryl-1:4-a-naphthapyrone dibromide, 930. 
C.,H.,0,N, Diethyl di-a-o-nitrobenzylidene-m-phenylenediacetate, 1481. 
C..H,,.0,N, Benzoylakuammidine, 2765. 
C..H,,0,N, Benzylstrychnidinium hydroxide, 490. 
C..H;;0,,Cl Peonin chloride, 2493. 
28 IV 
C..H,,0,,N.S, 1-Azoxyanthraquinonesulphonic acids, sodium salts, 84. 
CooHs0,0N As, 7-Oxamide-pp’-fluorenone-2-arsonic acid, and its sodium salt, 


C.,H.,ONCI, 1:8-Dichloro-4’-dimethylamino-10:10-diphenylanthrone, 509. 
C..H..0,NCl 7-Methoxy-2-phenyl-3-methyl-4-3’-indolylvinylbenzopyrylium 
chloride, 259. 
C,.H.,0,N,8, 4-o0-Nitrophenylmethylamino-m-tolyl disulphide, 2776. 
C,,.H,,0,N.Br, 4:4’-Dibromo-w:w’-bisdimethylamino-w:w’-m-xylylenebisaceto- 
phenone, 67. 
C..H;,0N.Cl Benzylneostrychnidinium chloride, 492. 
Strychnidine benzylochlorides, 489. 
C,.H,,0N,I Benzylneostrychnidinium iodide, 491. 
C,,H,.0.N.Br, s-m-Xylylenebis-p-bromophenacyltetramethyldiammonium 
dibromide, 67. 
C,.H,,0,N,Cl Tetrahydrostrychnine benzylochloride, 497. 
C.,H,,0.N.I Tetrahydroneostrychnine benzyloiodide, 500. 
28 V 
C,.H,,0,NSAs Tritolylarsine hydroxy-p-toluenesulphonamides, 964. 
CroHys0,N,S,As Di(glutathionyl)4-acetamido-2-hydroxyphenylthioarsinite, 


C,.H,,0,,N,S8.As Di(glutathionyl)phenylglycineamide-p-thioarsinite, 2509. 


C,, Group. 
C..H..0, 3-Benzyl-2-methoxystyryl-1:4-a-naphthapyrones, 930. 
C,,H..0, 3-Phenyl-2-(3’:4’-dimethoxystyryl)-1:4-a-naphthapyrone, 929. 
C.,H,,0, y-Keto-£5-bishydroxymethyl-8-methyl-n-amyl tribenzoate, 2673. 
C,,H,,0 Ethoxyergostatriene, 271. 
C,,H,,0. Dehydroergosteny] acetate, 1713. 
C,,H,,0, «-Ergostendnyl acetate, 1703. 
C,,H,,0, §-Ergostenyl acetate, 1709. 
Di-l-menthyl dipropylmalonate, 2337. 
29 Il 
C,,H.,0,N, 4(or 6)-Nitro-1-cinnamoyl-2:3-diphenylindole, 2876. 
C,,H,,ON 1-Cinnamoyl-2:3-diphenylindole, 2875. 
1-Cyano-10:10-dibenzylanthrone, 507. 
a i y-Keto-88-bishydroxymethyl-8-methyl-n-amyl tri-p-nitrobenzoate, 


20, 


C,,H,.0,,C1 3:7:4’-Trihydroxy-5-0-tetra-acetyl-B-glucosidoxyflavylium chloride, 
2302. 
3099 








29 IlI—31 V FORMULA INDEX. 


C.,.H,,0,N, Benzoylakuammine, 2764. 

C,,.H;,0,N, Methoxybenzyldihydroneostrychnidine, 490. 

C,,H,,0,N, Oxymethoxybenzyldihydroneostrychnidines, 491. 

C,,H,,N,Cl, 10-Chloro-3:3:3’:3’-tetramethyl-1:1’-diethylindodicarbocyanine 
chloride, 265. 

C,,.H,,0,,Cl Malvin chloride, 2303. 

C,,.H,,0,.N, Methoxybenzyltetrahydrostrychnidine, 490. 


29 IV 
C..H;,0,N,I Benzoylakuammidine methiodide, 2765. 


29 V 
C,,H,,0,,;N,8,Na, Sodium diphenyldisazosalicylic acid-3:6-disulpho-8-naphthyl 
sulphite, 1269. 
C,,H,,0,NS,As Di-(«-carboxydecyl)benzamide-p-thioarsinite, 598. 


C,, Group. 


CyoH,,0, 3-Benzyl-2-(3’:4’-dimethoxystyry])-1:4-a-naphthapyrone, 930. 
CsoH,,0 10:10-Dibenzyl-1:3-dimethylanthrones, 1455. 
30 I 
CsoH,,0,N, Benzylbrucine, 778. 
Cy.H;,0,,Cl Hirsutin chloride, 2295. 
C5oH,,0,N, a-Ergostenonyl acetate semicarbazone, 1703. 


30 IV 
C3oH,,0,N,Cl Substance, from benzoylation of indigotin, 2787. 
CsoH,,0ON,Cl, 1:8-Dicyano-10:10-di-o-chlorobenzylanthrone, 507. 
C39H,,0,N,Ni Hexapyridinonickelous nitrate, 2930. 
C3oH,,;0,N,Cl Benzylbrucinium chloride, 778. 
C,oH;,0,N,Cl Benzylbrucidinium chloride, 776. 
CsoH;,0,N,I Benzylneobrucidinium iodide, 777. 


30 V 
C,oH,,0,,N,8,Na, Sodium diphenyldisazophenetole-6:8- disulpho- B-naphthyl 
sulphite, 1270. 
C,oH;,0,NS,As Di-(«-carboxydecyl)acetanilide-p- -thioarsinite, 598. 


C,, Group. 


C,,H;,0,, Methyl salicylate O-hexa-acetyl B-vicianoside, 2771. 
C;,H;,0, Di-i-menthyl dibutylmalonate, 2338. 


31 
C,,H,,NI Quinaldine isopropiodide, 258. 
C,,H,,0,N, 4-Phenyl-2:6-di-p-tolylpyranol, 2901. 
C,,H,,0,N, Methoxybenzyldihydroneobrucidine, 776. 
C;,H,,0,N, Methoxybenzyltetrahydrobrucidine, 777. 
31 IV 
C,,H,,0,N,8, 2:2’-Diphenylimino-4:4’-diketo-3:3’-diphenyl-5:5’-dithiazolidyl- 
methane, 1580. pag 


C,,H;,ON,Cl,Fe 4-Phenyl-2:6-pp’- oper eemerentea nina ferri- 
chloride, 259. 
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FORMULA INDEX. 


C,, Group. 


C,2H,,.0,N,8, 2-o-Nitrophenylamino-l-naphthyl disulphide, 2777. 
C,:H..0,N,8 Bis-2-o-nitrophenylamino-1-naphthyl sulphoxide, 2777. 
32: V 
C;.H..0,,N,8,Na, Sodium diphenyldisazo-4:8-disulpho-a-naphthol-8-sulpho-f- 
naphthyl sulphite, 1269. 
Sodium diphenyldisazo-3:6:8-trisulpho-a-naphthol-8-naphthyl sulphite, 1270. 
Carlin O,,N SNe, Sodium 2:2’-disulphodiphenyldisazobis-f-naphthy] ; sulphite, 


C;2H..0,,.N,8,Na Sodium diphenyldisazo-4-sulpho-a-naphthylamine-8-sulpho- 
B-naphthyl sulphite, 1269. 
CorbsO.4N S.No, Sodium diphenyldisazobis-8-sulpho-£-naphthyl disulphite, 


C,, Group. 


C,;H,,0,N 3:6:9-Tribenzoylcarbazole, 2190. 
C,;H,,N,I 4:4’-Diphenyl-1:1’-dimethylquinazocarbocyanine iodide, 257. 
C,;H;,0,N, 4-p-Nitrophenyl-2:6-di-(m-nitro-p-piperidinophenyl)pyranol, 2902. 


C,, Group. 7 


C,,H,,0 Benzyloxyergostatriene, 270. 
C;,H,,0, §-Ergostenyl benzoate, 1708. 


34 Ill 
C,,H,,0,N 3:6-Dibenzoyl-9-phenylacetylcarbazole, 2190. 
C,,H.,0.N, Dibenzamidodinaphthyls, 530. 
C;,H,,0,8, 2-(4’-Methanesulphonylphenoxy)-l-naphthy! disulphide, 1047. 
C,,H,.N,I, 4:4’-Diphenyl-2:2’-divinylenediquinazoline 1:1’-dimethiodide, 257. 
34 V 
C;,H,,0,,N,8,Na, Sodium ditolyldisazo-3:6:8-trisulpho-a-naphthol-f-naphthyl 
sulphite, 1270. 


C,, Group. 
C,,H,,0, 5:7-Dicinnamoyloxy-2-styrylchromone, 927. 
C;;H,,0,. 2:4-Di-(O-tetra-acetyl-8-glucosidyl)phloroglucinaldehyde, 2302. 


35 Ill 
C,,H,,N,I 4:4’-Diphenyl-1:1’-dimethyl-2:2’-carbocyanine iodide, 258. 
CocHysN,Cl 3:3’-Dipheny]-1:3:1’:3’-tetramethyl-2:2’-indocarbocyanine - chloride, 
325. 


C,, Group. 


C,,H.,0,P Tri-p-phenoxyphenylphosphine, 2883. 

C,,H,.N.I, 4:4’-Diphenyl-2:2’-divinylenediquinoline 1:1’-dimethiodide, 258. 
C,,H,,0,8i Trianhydrotriscyclohexylphenylsilicanediol, 2208. 

C,,H,,0,8i, Trianhydrotrisdicyclohexylsilicanediol, 2209. 


C,, Group. 


C;,H,,N,I 4:4’-Diphenyl-1:1’-diethyl-2:2’-carbocyanine iodide, 258. 
3101 














37 IV—53 IV FORMULA INDEX. 


87 IV 


C,,H,,OIP Tri-p-phenoxyphenylmethylphospkonium iodide, 2883. 
C,, Group. 
C,,H,,0, 5:7-Di-p-methoxycinnamoyloxy-4’-methoxy-2-styrylchromone, 927. 
38 I 


C,,H,,0,N Anhydro-N-methyl-0-tribenzoylpapaverolinium hydroxide, 787. 
C,.H,,N,I, 4:4’-Diphenyl-2:2’-divinylenediquinoline 1:1’-diethiodide, 258. 


C,, Group. 


C,,H,,0,,01 7-Hydroxy-3-0-tetra-acetyl-8-glucosidoxy-5-O-acetyl-8-glucosid- 
oxy-4’-acetoxyflavylium chloride, 2491. 


89 IV 
CooHl, MCU 11-Chloro-4:4’-diphenyl-1:1’-diethyl-2:2’-dicarbocyanine iodide, 
Ne 


CoH, .N Bri 11-Bromo-4:4’-diphenyl-1:1’-diethyl-2:2’-dicarbocyanine iodide, 
67. 


- Cy Group. 
C,H,,0,N, Substance, from reduction of 3:3’-dinitro-2:2’-dinaphthyl, 532. 


C,, Group. 
C,;H,,0,.N,8,Na, Sodium 2:5:2’:5’-tetramethyltriphenylmethane-4:4’-disazo- 
bis-3:6-disulpho-f-naphthyl disulphite, 1274. 
Pp 
C,, Group. 


C,,H,,0,N 0-Tetrabenzoylpapaveroline, 786. 
CuH,.0,N, 5:6:5’:6’-Tetramethoxydiphenyl-2:3:2’:3’-bisphenanthraphenazine, 
441. 


C,, Group. 


C,,H,,0,NCl N-Methyl-O-tetrabenzoylpapaverolinium chloride, 788. 


C,, Group. 
C,,H,,0,,.01 7-Hydroxy-3:5-di-(O-tetra-acetyl-B-glucosidoxy)-3’:4’-diacetoxy- 
davylium chloride, 2494. 
C;, Group. 
C,,H,.NS, Ureido-3’-aminobenzoyl-3-amino-4-methylbenzoyl-8-naphthyl- 
amine-4;6:8-trisulphonic acid, sodium salt, 1911. 


51 IV 
C;,H..0.,N,8, Ureido-3’-amino-4’-methylbenzoyl-3-aminobenzoyl-f-naphthyl- 
amine-4:6:8-trisulphonic acid, sodium salt, 1912. 


C,;, Group. 


Crist Ona Se Ureido-3’-amino-4’-methylbenzoy]-3-amino-4-methylbenzoyl-- 
naphthylamine-4:6:8-trisulphonic acid, sodium salt, 1912. 
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1862 
2250 
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3264 
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318 
319 


1729 
1752 
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1959 
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ERRATA. 


Vou., 1927. 
Line 
15 for “[a]p + 24°” read “‘[a]p + 34°.” 
Vot., 1929. 
1l for “‘m. p. 98°” read “ m. p. 80°.” 
Vot., 1930. > 
4* for “‘ 1928” read “* 1926.” 
Vot., 1931. 


19 for “ tetralin ’’ read ‘“* tetrahydronaphthalene.” 
(Legend to Fig. 1) for “‘ g.-mols.” read “ g.-atoms of halogen.” 
25 for ‘* 149°” read “ 194°.” 

3 for “ ArntHur A. LEVY ” read “ Aurrep A. Levi.” 


VoL., 1932. 


the paragraphs “‘ Aromatic aldoximes are . . . pass into o-nitro- 
phenol ” should precede “ A nitrolic acid was...” on p. 33. 
7* igi ay a ” read “* y- -Phenoxypropyl methyl 
13* keton 
7 for “ y- -phenoxypropylacetone ” read “‘ y-phenoxypropyl methyl 
ketone. 


1561 Fig. 1 for “‘ CuSeO,,3H,0 ” read “ CuSeO,,H,0.” 


17. delete “‘ (lines A, B).”’ 

1* for “ 0-65” read “10-65.” 

13* for “ky = (Py — p)/” read “ky = (py — p)/t.” 
21* for ‘‘m. p. 189°” read “‘ m. p. 89° 

2 for “Conc., M x 10.” read * Cone. M x 10°.” 
19* for sf (V05)100 ” ** (V,0,)50,.” 
18 for “1-27” read - o1” 
12* for * aq. # ad * solution.” 


2260 Table I for “‘ n-Octyl” read “* sec.-n-Octyl.” 


2* for “* — 11-6” read “* — 12-9.” 











* From bottom. 














Reproduction of Mace presented by Mr. Ayerst Henham Hooker, F.1.C., on January 16th, 1930. 








to | 
com 
mee 
wor 
Tho 
an | 
that 
In ¢ 
tos 
to a 
you 
the 

Ir 
his | 
to tl 
nine 
had 


Hoo 
for t 
Med: 
nati 
epid 


